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INDUSTRIAL CAREERS 

CONDITIONS OF EMPLOYMENT IN BRITISH TRADES 


'T'HE Self-Educator aspiro.s to point its 
* students to tho many avenues Avhich lead to 
careers and to make them fitted for the careers 
to which it points. Professional careers, com- 
mercial careers, (Careers in the public services — 
practical information is given about all of these ; 
but the scheme would fall short of completeness 
if it did not include particulars of the many 
departments in the vast industrial organisa- 
tion which makes • us the first manufacturing 
nation in the world. To show the esstintial 
conditions of employment in wliich our 
millions of producing operatives laboiu*, the 
details given in the following pages have been 
compiled, yuch an attem])t has never before 
been made. 

Industrial Employment. VVe have 
striven to indicate in every case the duration 
and remuneration of apim nticeship and the 
wages and hours of the opcrati\’(\s, so that 
parents and guardians may eompar(^ the 
prospects in the many varieties of employment 
when seleeting an oeeupation for thos<^ whose 
sphere in life (hey are d(*l(‘rmining. 

The conditions of eiiiploymont vary very 
much in different distriets. There is nothing 
approaching (lie uniformity which is found, for 
instance, in the municipal or <'ivil serviccis. 
Tlio details given must be taken as representing 
the average prevailing generally throughout 
the ('ountry or in the chief centres where tho 
various crafts arc followt'd. 

Alphabetical arrangmnerit has not been fol- 
lowed as it would have been really alphabetical 
disorder. It has been deemed much more 
convenient to arrange the difTiu’cnt induKtrial 
occupations in groups according to tlujir iiaturi^ 
and to make (he diMenuil trades in the several 
groups ascend from (he preliminary to the 
finishing proces.ses. The groups are considered 
in the following order : 

, Minino ai^ Quarrvino. 

Building toades. 

Metal and fSmi'DuiLDTNti Thade.s. 

Hide and Leather 'ruADEs. 

Textile and Clothing Trades, 

WOODWORKI NG TrADKS. 

Glass and Earthenware Trades. 

Taper and Printin^^^Jrades. 

MiSCELLAN EO us TRAllfe. 

The Decay of Apprenticeship. <'On- 
siderablo light was thrown upon the decadence 
of apprenticeship in London by the recent 
special investigation by the London County 
Council. It is stated in the Council report 
that “it is a rare thing to find a young 
workman who can attack any branch of his 
trade successfully.” It is found tliat in 
London the vast majority of managers and 
foremen are provincials who have stwiired their 
training in small provincial shops wlicre they 
had the chance of receiving intelligent instruction 


in the several departments. Tho division of 
labour not only limits the utility of the workman 
— it stunts his intelligeriee. ^ionotony of occu- 
pation, ceaselt‘ss attention to a die press or an 
automatic maehiiKN cannot stimulate thought 
or exercise tlie brain ; ami (hero is need 
greater than ever for technical instruction to 
raise tho man from being a food consuming 
machine. 

The Self-Edug.vtor is a serious attempt 
to provide the means for improving the 
workman, wlio owes to himself and to his 
future the duly of taking full advantage 
of his opportunities. Eviny workman should 
make himself fitted for tlie position of 
foreman, every foreman for the position 
of manag(‘r. Tlu^ race is to tlie swift, the 
battle to the strong, and promotion t(» (liosi^ 
qualified to receiver it. 

Official Encouragement. Tho encourage- 
ment of artisans is being undiTtakcn as a 
public duty, and it is certain tluit the practice 
will become more gemu’al than it is, Tor 
instance, at the present tiiiu* the London 
(V)iinty Council ofl’ers .‘10 artisan scholarshijis — 
It) of the annual value of t;2t) each and ‘JO of 
the annual value of £10 each —in addition to frets 
tuition. It offers also 100 so-call<‘d artisan 
evening “exhibitions*’ and 2r>0 evening 
exhibitions in scienc(‘ and te<*hriology — (*ach 
exhibition carrying a pri/.e of £5 per annum 
for two years, nation is awaking to its 

responsibilities in teclmical instruction. 

MINING AND QUARRYING 

Coal Miners. Miners do not technically 
serve what is understood as an apprenlic(‘ship 
in other tradiss. 

Jn the Northumberland districts lads are paid 
at the standard rate of Is. Id., jilus IT) yier cent, 
per day of 10 hours. Drivers of ponies receive 
Is. 4d., plus 1.1 [>(‘ 1 ’ cent, per day. Otlier “ olT- 
haiid ” boys undeigi’ound receive^ from Is. tUl. to 
.‘Is. ,‘Jd., pins 1,1 per eent. ])er day, aecording to 
the class of woi‘k upon which tlu'y are laigaged. 
Standard wages of pony jmttcrs are 3s. ‘i 'ld., 
plus 1.5 per cent., and of hand jmtters, Is. 8*()3d,, 
plus 1,5 per cent, per day. Hcwits with long 
hours (7j), earn os. 2d., plus 15 jier cent., and 
with short hours ((i:i),...4s. 0.\d., jdus 1.5v|j)^r cent. 
“ Above bank ” labour ib pai<l at the fallowing 
rates : 

Bunknuui on by score 10 hours, 4s. 4 70d, 

„ ,, „ datal 10 3s. Od. 

„ ,, s(u)re 1 1 ., 4s. 10’G2d,. 

„ datal II 3s. ^'Id 

all plus 1.5 per cent. 

t]f\r 

Other surface labour is paid at the rat^*'of : 

Boys, Is. Id. to 2.S. lOd., plus 12 per cent. 

Men, 2s. lOd. to 3s. (id., „ 12 „ 

In Scotland, young lads entering 
at, say, 13 get at present from 2s. to 28.iHK r 
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day for the firsfc year, with 6d. and Is; per day 
more for the second year, aiid Od. per day ^^lrt.he^ 
increase the third year. 

If they are strongly- built lads they are able 
to earn four- fifths of a miner's wage after four 
years in the mine, ft is not uncommon for. 
young lade of 17 and 18 5^ears, if muscular, 
to be earning a man’s wage of 5s. (;d. per day. 
When they have been six years in the mine, and 
iiro ordinarily .strong young men, tlicy can earn 
a man’s wage. Tliere is nothing to prevent any 
young man of 17, or even lb,. years of age from 
<loing so if he bo strung enough and have the 
natural skill. 

There arc no teelinieal disabilities as in other 
frades. Young lads of eannot, be kept in tlu^ 
mine more thnn 54 hours per week, and not more 
than eight hours ou any one day. The standard 
wage of tlie Scotch miners for the past three 
years has been 5s. Od. per day. This is their 
minimum wage, arranged jointly by the (.'on- 
eiliation Board between the Seottish mineowners 
and Scottish miners. They work from eight to 
nino hours per day. Miners ere ])aid by the 
piece, or so much p(T ton. 'I’liey aio not allowed 
anything for overtime. When imm are working 
on a day’s wage to the eomp.iny, on special 
occasions they may be allowed time and a 
quarter, or time and a half, hut there is no 
recognised rule on tlu^ subject. 

Ironstone Miners. In the Cleveland 
ironstone mines there are sonu^ 7,500 men 
employed— of them underground and the 
remainder on the surface. Tliere is no formal 
^ apprenticeship. Boys in somewhat limited 
numbers begin to work underground at not 
Jess than 14 years of ago, at a rate of bs. Id. po/ 
day, or 6s. Od. per week, and in addition they get a 
jKjrcentago varying according to the price of pi^» 
iron. At the present time the 6s. 6<1. ]>econies, 
with the percentage, about 8s. per wee^k. .\s the 
boys grow older their wages advance, until when 
they arrive at 21 they make, perhaps, 20s. per 
week in place of the 8s. with which they start. 
When the young men take to mining they may 
make 5s. Od. to tls. a day. 

A considerable number of men who liave not 
been employed there as boys enter the mines as 
workmen to break up and fill the ironstone into 
little waggons or 4ubs ; those men earn al>o\it 
4s. 6d. a day. 

Workmen are generally paid by picee on the 
quantity of stone mined or filled. Overtime 
applies in a very limited degree, only a small 
portion of the workmeir being required after 
the regular hoitrs of shift. 

Shale Miners. There are no apprentices in 
Scottish shale mining. ]Men, or strong lads, 
begin as drawers or fillers, and usually serve 
t-wo years before being “ facemen.” Payment 
is at so much per ton, the amount being deter- 
mineik by the Arbitration Board, and works 
out at about 6s. per day. Facemen get Od. 
to Is. per day mpre than drawers. Work 
is iisuftfo for nine hours per day, and being 
remuneration is paid' for 


O^Arrymen. There are several different 
classes of quarries— those working beds of granite, 
whinstone, sandstone, limestone, and slate 
respootivelv. The chief seat .of the granite 
quarry industry is in Aberdeen, and the con- 
ditions there may be considered typical of 
most quarry • w^ork, although they.’ vary 
somewhat in diiSerent districts and in different 
classes of work. The men can scarcely be 
described as craftsmen, but rather as labourers 
{ind skilled labourers. There is no apprentice- 
ship. The man commences at labourer’s wages, 
and his lii’st work is probably to wneld a spadt^ 
or wheel a barrow. Then, upon a display of 
aptitude, he is entnisted with drilling w’ork, and 
is then somewhat of a skilled labourer with a 
slightly higlicr wage. The average wages of 
quarryincu throughout the country are fronf 4id. 
to (id. per hour. In slate quarrying appren- 
tieeHhii> is not strict, but six years is thenile. It 
d< spends on. the aptitude of the youth. Appren- 
ti<‘es are usually the sons of slate quarrymen; 
but thi.s is not a condition, and there is no restric- 
tion as to numbers. Apprentices have an eight 
hours’ working day. They are put upoji ]3iccework 
from the start, and. earnings depend ou skill and 
speed. All work is by eontraei; but to obviate 
a eontraet not paying. th(‘ men are guaranteed 
a minimum w'age, which varies from 25s. tp 30s. 
X)ei‘ week, according to district. The day has 
10 working hours, but in winter is shorter, lasting 
from dawn to dusk. ’Pin* minimum wage applies 
U> both wint(*r and summer work. 

BUILDING TRADES 
Masons and Stonecutters. KuIcb of 
employment vary considerably in different dis- 
tricts. Wherei workmen's unions are well con- 
stituted and wt‘11 directed, the conditions arc 
generally much more favourable to the operatives 
than elsewhere. In most districts the number 
of appren tildes employed bears some relation to 
the number of workmen. It is often restricted 
by the workmen to a maximum of one apprentice 
for every two workmen employed by the tipins 
on the year’s average. 

In England, apprentices must l)e 14 years 
old ; they serve seven years, aqugl usually receil|j 
wages a.s follow^ : ' 

Fiist Year .. .. Id. per hom-. 

Second Year . . .. >1. •„ 

Third Year 3d. - „ % 

Fourth Year .. .. lUd, 

Fifth Yeftr . . . . . . 4a. „ 

Sixth Year . .f/ . . . . . 5d. ,, 

Seventh Year . . ' ^ . . . 6d. 

Payment by time is usual, and the avemge, 
’w^ages arc 8d. per liour, except for outside WQork 
in winter, when the rate is Jd. higher. Over- 
time up to 10 p.m. is paid at one and a quarter 
rate, and from 10 p.m. to 6 a.m. double time. 
Men required to work more than four miles 
from the shop are often paid Id. per hour 
extra as “ lodging money.” with fares in 
addition. Hours of shop workfare usually 
54 per week. 

In Scotland, apprentices usually serve five 
yeaXfi if they begin younger than 17 years old. 



and for four years if older than 17. No appren- 
tices taken after the age of 25 years. Usually, 
wages begin at 5s. or 6s. a week, and rise to 12s. 
or 15s. Hours worked are nine per day in 
sunder, and eight in winter. Wages vary from 
7d. to lid. per hour,Jaccording to district. Men 
supply their own tools. Overtime is usually at 
one and a quarter rate, and sometimes at one 
and a half rate, irrespective of its duration. 

In some places — Aberdeen, for instance— there 
is a large monvrn>fnial trade. Conditions of 
apprenticeship are similar to those in building 
trade already given. ' Hours worked -nine ])er 
weekday, except Saturday — are the same in 
summer and winter. Wages are less than those 
of masons, the respective rates in Aberdeen 
being 8d. and 7d. per hour, but tin* employers 
supply and uphold tools. 

♦Sett makers have no uniform conditions of 
work. Apprenticeship is general— four years — 
but there is no regular rate of wages, which 
depend upon the agi* and skill of the youtli. 

' Workmen are paid by piece, and earn good 
wages, anything from 4<Js. to 80s. per week. No 
regular hours of working. 

In Ireland, the Stoneeutter.s’ Union insists that 
appremtioe sionceuttersmust ho tlie sons of stone- 
cutters, except in unusual (‘ireumslances. Usual 
apprenticeship lasts seven years, hut there are no 
indentures, ami it is common for a lad with three 
or four y<*ars’ experienc<^ to demand journeyman's 
wages and, in the event of refusal, to seek 
another situation. kStandard wagon of })rovineial 
workmen are 30s. for 57 hours 'u ork in summer, 
and 30s. per week in winter from dawn to dusk. 
In the cities and large towns wages are higher — 
Dublin, 36s. for 54 hour.s (8d. ])(‘r liour) ; (‘ork, 
34s. 6d., Limerick, 33s. Overtime is diseourageil 
by the men, hut is paid one and a half rale till 
midnight, and double rat<j from midnight till 
t) a.m. In Belfast, whore tlu‘ men are not 
attached to the Stonecutters' Union of Ireland, 
the wages are 8Jd. per we<*k of 51 hours, and 
apprentices are permitted at the rate of 1 to 10 
employees. 

Marble and Slate Masons. Thv' 
number of ap[)reiitices is restricted. Three arv' 
usually considered .sutTicient for a shop of, say, 
forty men. Ajiprentieeshifi lasts five years ; 
wages begin at 5s. ptn- w'<’ek and rise by 2s. per 
w<?ek annually. Some of tin; best liondoii shops 
require a £20 premium from apprentices. Many 
workmen urge the need for a longer apprentiee- 
ship. as it is held that five years is too brief to 
turn out competent men, and journeymen who 
have just finished a tivo years' a}>prenticeship 
tr^uently aeeept 3d. an hour under workmen’s 
standardwage. Bresenl wage in London is lOjd. 
per hour for 48J hours per week, with one and a 
quarter rate for overtime up to two hours, one 
and a half rate beyond two hours till 10 p.m., 
and double rate for night work. 

Bricklayers. System of a])prenticeship 
is Ix^coming most strict and more generally 
recognised. - Time usually seived is seven years, 
although five and six years are not unknown. 
Apprentice wages differ. Average is probably 5s. 
per week for the first year, with an annual increa.se 
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of 2s. 6d. per week. Wages and hours of labour 
differ in different districts. The following are 
the conditions in representative tow'ns : 



Hours of VVork 

Current. Wages 

Manchester 

per wi?ok. 

Summer. Winter. 

. r.4.V 47 

in pence 
per hour. 

10 

Birmingham . 

54" 

45 


Ix'cds 

. 50 

45 


London . . 

. 50 

44 .» 

loj 

Sheffield . . . 

. m 

44 

fi;l 

Liverpool 

. 4fi| 

47 

fif 

Londonderry . 

5(>.l 

daylight 

7 

Nmveastleon- 

'ryiie 

. 50 

44 


Overtime is 

generally 

paid at one and ; 


quarter rate for first three horn's, and one and a 
half rate beyond that time and on Saturday 
aftmnoon, while Sunday work is paid at douhle 
ordinary rate. Winter work is hard, and in 
time of frost ceases altogetluT. During .ses'ere 
wnntcr.s workmen may hi' idle for as long as 
1*2 W’ei'ks. 

Slaters and Tilers. Ap]>rontices must 
be legally hound at or hiiore attaining l(> y(*ars, 
ami must serve until tlie age of 21. There is 
one apprentice to eveiy thiee workineii. the 
maximum number ]>ermitte(l by the workmen V: 
society. Average apprenticeship wages are 
Hs., 9s.. lOs., 12s. and I4s. per w(m4v for the 
five years. Apprenticeship is all hut universal. 
Standard wages tiilfer widely in different distriids, 
and the society aims at si^ouring in each district 
uniformity of eomlitions and wagi's. Average 
wage is probably 9d. per hour, the highest rat<^ 
being lOd. per hour. The lOd. rate prevails in 
London and in llie North of England. Hie 
lowest rale is found in Lineoln and Lowestoft, 
with only fi.Jd. per hour. In Dulfiin and Bi'lfast 
the 9d. rate is paid. In Scotland slightly lower 
wages prevail and aluuit 8[d. per liour is the 
avi'rage. Tlu* hours of labour vaiy in difierent 
districts. 3'hey are fewe.st in the North of 
England — namely, ,50 hours per week during 40 
ueeks in the year ; 42 hours per week for three 
weeks befori' and tluee weeks after Uhristmas ; 
and 44.J hours for tliree weeks bi'fore- and three 
weeks after th(' 42 hoiu' wi'ck.s. In othi'r districts 
the hours are longer and reach the maximum of 
ten liours ]>er day in the London district. In all 
eases liours are shorter in winter. No extra rate 
is p.iid for overtime in England, except in excep- 
tional eases, as for instaiiei*, when the roof of a 
spinning mill has to 1 _m^ repairi'd during the night, 
oil Saturday afternoons, or on Sundays or holi- 
days, w hile thti machinery is sih nt. 

in Scotland the conditions are similar to 
those in England. Aiipn'ntieesliip is general, 
starting at Ss. per w^eek and rising to I5.s. 
Hours. 45 in depth of w'iiit(*r to 51 per wei'k in 
summer. Journeyman's usages 8d. to fid. ])er 
hour. Overtime 25 xier cent, above usual rates 
from 5 to fi p.m., 50 per cent. highcT after fi {>.m., 
and double on Sunday.s. 

Carpenters and Joiners. Maehim'iy' 
and the growth of departmentalism have 
wrought great change.s in the trade. Eormeily, 
five years’ niiprentieeship and often a heavy 

2643 



INDUSTRIAL OARMRir~ 

premium were required from, lads entering the 
trade. Present eonditions differ widely in- 
different districts, but the following may be 
considered representative of the average. A 
boy works for three or four years, beginning at 
from 38. a week to Id. per hour, and rising 
annually by .Jd. per hour. As an improver he 
may receive 5d. or 6d. per hour. Largo shops, 
where departmentalism prevails, do not give so 
good a training as smaller .shops. Apprentice- 
ship, where it is still the rule, hists five to six years. 
Hour.s, 48 to fiO per week. Wages, lOid. per 
hour in i^iondon, varying in country districts to 
* 22 h . per week in outl^ong parts. Overtime, 
usually 25 per cent, higher for first two hours : 

50 per cent. )iigh(‘r for next two hours, and 
double for all night and Sunday work. In .some 
districts no extra, rate is paid. 

Painters. Conditions vary eon.siderably. 
Approntieeshi]), often six years, beginning .‘}s. to 
5 k., and rising from 12s. to lbs. In London 
apprenticeship is almost extim t, and where it 
still prevails it seldom lasts longer than one year. 
Workmen’s wages are from o.Jd. an hour in out- 
lying districts to Od. and 10(1. an hour in citievs 
where llic trade is organised. T fours Avorkinl 
vary from 51 to 50 p(‘r week. Overt iim* wag(* 
rate usually ti mo and a quart er or t i me and a ha I f, 
but in London it is unusual to pay any highfa* 
rate for overtime. Ship painters work 54 hours. 
The position of a working painter is not par- 
ticularly desirable. Three-quarters of the total 
number have no employment for more than 
nine or ton months in the year. 

Plumbers. Apprentic(.*ship was formerly 
for seven years but now five years i.s common. 
lh*einiums of from £5 to £50 sometimes demanded 
by good firms.' Wages begin at 2s. bd. to 5s. pei* 
week and rise to from 15s. to 20.-!. during tl.(^ 
la-st year. Wages for workmen vary from fkl. 
per hour in some country districts to lid. per 
hour in London. The London hours are 47 p(*r 
week, but in tlm provinces they are .‘^oinelimes 
as many as 56^. Overtinu* is paid at one and 
a quarter rates, and when prolonged at one end a 
half and double rate.s. 

Gaafltters. The conditions generally are 
the same .as those for jilumhers. Gasfitter.s’ 
work is inside to a greater t?xtent than plumbers’ 
w’ork, hence time is not lost by the short day 
during the winter months as it is in the plumbing 
trade. 

Plasterers. Apprenticeship, five years, at 
5a. per wc'ck, rising 2a. each year. Usual ruh^ 
is one apyu’cntice to two workmen. Workmen, 

51 hours per week at 7.Jd. to 9.Jd. per hour. 
Varies in different districts. Overtime, time and 
a half. 

Glaciers. Apprenticeship not uniform, but 
usual term is five years. Indentured apprentices 
usually begin at 6s. a week, advancing 2s. per 
week annually. Unindcntiired apprentices often 
earn more than indentured apprentices when 
they have been some time at the trade. Work- 
men’s hours and wages are not uniform, but the 
average is about 8Jd. an hour in larger towns for 
a fil-hoursVwwk. Overtime is paid at one and a 

quarter 
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METAI. AND SHIPEVILDING 
TRADES 

Steel Smelting. . On account of tho 
nature of the work, boys cannot bo employed 
in steel smelting, and there are no apprentices. 
New hands are described as helpers, and work- 
men are graded into first, second, and third 
hands. A man must w^ork for 12 months as 
third hand before promotion to second hand, 
and tw^o years as second hand before rising to 
the dignify of first hand. Workmen arc gener- 
ally paid per ton of metal produced. This 
differs so, that no generally applicable w^age rate 
can bij stated. In .some districts where speci- 
alities are \vorked, day wages are paid, ranging 
from Ills. Cd. to 20s, per day for first liand, 
from 7s. (‘d. to los. piT day for second hand, 
and from 5s. 9d. to 10s. per day foi’ third liand. 
When^ men are paid on tonnage, nothing extra 
i.s paid for overtime. On day w'agcs, men who 
work after noon on Saturday arc paid time.and 
half, and on Sunday from (uie and a qu«artor to 
double rates. Overtime is (Exceptional. The. 
high wages are quite jiistliird by the great 
[ihysical exf'rtion lu^eessary and by the we^xr and 
l(Mr of clothing. The work is continuous, and 
i.s (‘arrit'd on by 12-hoiir shifts. 

Rolling Mill Workers. There is no 
appremtieeship here. Th(*ve are several posi- 
tions wJiich hoys can fill, and they are 
promoted from oiu^ to another as tlu;y gain 
ex])erionct‘ and show ability. Aptitud(* in 
technical knowledge secures promotion. Ocncr- 
ally sp.'aking, the rul(‘s that apply to steel 
smelling prevail in the I’olling mills. Work 
ceases at 2 i).m. on Saturday and overt inu^ is 
worked only in emergencies. 

Tinplate Mill Workers. Tlu^ informa- 
tion given under Rolling Mill Workers applies 
also to tinplate mill workers, (‘Xc(‘pt that (*ight- 
hour and not 12-hour shifts are tlu^ rule. 

Chainmakers. Youths who (mter the. 
ehainmaking trade are usually the sons of 
workers. No apprentie(‘ship sy.stcm f)ro])er ; 
hoys l)egin by blowing the Ix'llows in outshops, 
then go on to form the links, rising to the manu- 
facture (jf cheap untested chains, and linally 
becoming .skilled workmen. All work is by 
piece, and tlio W'(j]*kmen may earn anything 
i)etw'C(m 20s. and 40.s. per week. Hours are 
ineguhir, hut no work is done after 5.30 p.m. in 
factoi-ies. Cradley Heath is the centre of tho 
ehainmaking industry. Modern practieo tend.s 
to introduce machinc-forg(‘d (! bains, and tlie 
hand forger will find smaller scope for his .skill. 

Anchorsmiths. This trade is similar in 
its conditions to tliat of chainmakers, and fiUks 
its centre in the same locality. 

Wire and Tube Drawers. No recog- 
nised apprenticeship. Boys begin at from 14 to 
18 years old, and are paid according to merit. 
Workmen earn 24s. to 50s. per week, according, 
to class of work, and their working week has 
54 hours. 

Shipbuilding, Apprentice.ship usual, and 
must begin between the ages of 16 and 19. 
;Bk)ys entering before 18 serve five years ; after 
18, xmtil they are 23 years old. Apprentices are 
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selected from the r«%nks of the boys taken on as 
“ platers’ markers ” and “ rivet boys.” "Ihe 
minimum rates of pay for apprentuie smiths, 
platers, and caulkers, are 6s., 7s., 8s., 10s., and 
12s. i)er week during the resj>tuitive five years. 
Apprentice riveters earn 7s., 8s., 10s., 12s., and 
14:8, per w\^ek. Tlie standard wages of workmen 
differ throughout the kingdom. Day wages for 
smiths and platers range from 86s. to 45s. per 
week, for riveters and oaiilkers from 82s. to 8Hs. 
ptir week, and holders-up from 26s. to 82s. pi‘r 
W'eek. The majority of the work, however, is on 
piece wages, which amount to from 50 to 100 
l)er cent, above the figures given. Repair work 
is paid at 6d. to Is. per da\ in excess of tlie rates 
for new work. 

Barge Builders. Appn'ntieesliip of seven 
years enforced. Usual Avages of 6s., rising to 
13s. per week. The union rate of wages for barge 
building on the Tham<‘s is lOd. per liour, and 
lljd. per hour for overtime. Hours of work, 
54 i>cr week. 

Boiler Making. The conditions are 
similar to tlioso given under Shiplmilders, but 
apprenticeship is ustially seven years, and the 
standard w^ages for piecjework boilermakers an* 
generally 25 to 50p(;r cent, iiigher than day wages. 

Blacksmiths. In the North of England 
nnindentured apprenticeship of five or six years is 
usual. Boys usually start in the smith’s shop as 
hamnuT drivers at tlie age of 14 years, and nffer 
12 to 18 months’ expericuice, Ihoy usually begin 
to act as strikers. After 12 months h the latter 
capacity they jire promoted to a tire, and work as 
apprentice smiths up to 21 years of age. 

T1k‘ w'ag(^ wlicn tliey begin work as liainmer 
drivers is usually 5s. per week, and they nvc 
advanced by easy stages of Is., Is. (id., and 2s. 
p:‘r week piir annum until in their last ycnir of 
apj)renticeship they ar(i receiving 15s. or 17s. 
per Aveek. The standard rate? of wag<*s for bl iek- 
smiths is from 84s. to 88s per week, according 
to tlie district in which tliey are employed. 

Hours of labour also vary f in some fil ms (hey 
Avork 48 liours, other linns 50, oilier firms 58, and 
others 54 hours per week. 

Blacksmiths usually Avork piecework, and earn 
a bonus over their weekly Avage, varying from 
25 to 88 per cent.* There is usually an allowance 
paid for oA^ertime ; this again varie.s according 
to A^arious districts, but, as an example, in tin* 
ManchesU^r distriid they are jiaid 25 jx*!' cent, 
over the ordinary wage for the first two liours, 
50 per cent, over for tin* next two hours, and 
100 per cent, for all time woiked after that. 
T^se rates apply also for Saturday afternoons. 
Ji’or Sundays, ( -hristmas Days and Good Fridays 
tjxey are paid 100 per ( (‘iit. over the ordinary 
rate. In other districts overtime is paid for at 
the rate of 25 per cent, over the ordinary late 
for the first two hours, and 50 per cent, 
afterwards. 

Smiths in the coach and AAdieelwright trades 
work longer than in other branches, usually 56 
hours, and earn less, with no higher rate for 
overtime. 

In London boys begin as strikers at the? age 
of 14 or 15, earning 10s. a Avoek, and rising to 


298. 3d. at the age of 20. The best strikers are 
promoted to be smiths betA^'eeii 20 and 30 years 
of age, and after Avorking as such for varying 
periods (one to four years) at less than standard 
wages, rise to the full remuneration, usually 
41)8. for 54 hours work. Th(^ craft of the smith 
is declining in London and increasing in the 
provinces. 

Farriers. Tii the provinces approntioe- 
.ship is common ; but in London it is almost 
unknown and the ranks of the trad*- are 
recruited from the provincial inflow. Hours 
vary from 52 to 61 j)(*r woek, and though there 
is not much overtime during the week, a certain 
amount of Sunday Avork is often performed. 
In London the wag«*s of doormen are from 
2.5s. to 84s. pc*r week, averaging 81s., and of 
firemen 88s. to 42s.. averaging 87s. In the 
provinces the w'ag(‘s may bi‘ mucli lowTr, 
sonitdimes 20 per cent, bss than tlie figures 
mentionixl, the lowc'st rail's ruling in the 
sinalk'st towns and village's, 'riie w'ork is 
exhausting, and especially when the hours 
ar<5 irregular, as they fri'ijuently are. they tell 
upon the individual. 

Ironfounders. Apart from t! .. iron- 
moulders in engineering shops, there seems 
to be no general system of ajiprenticeship in 
iron founders. Lads — 15 or 16 years old — 
begin work at about 5s. a wei'k and learn the 
tradi' as they can, lei'civirig higher Avagc'S as 
they arc' able to do lietti'r w^ork. TJie recog- 
nisc'd proportion is one boy to three men, but 
th(^ proportion of boys is usually less than this. 
The wages of moulders in London are 88 h. 
and sometimes 40s. pc'r AAcek ; l>ut in larger 
provincial centre's this is redueod to 82s. and 
84s. Pattern-makf'rs earn 40s. per week, but in 
non-union shops sometimes only 86s. or 88s. 
Overtime, of which there is a good deal, is 
])aid for at one and a ipiaiter rate, rising to 
double rate Avheii of excessive duration. 

Typefounders. Apjireutices almost un- 
knovAui. Bt'ginners must be at kuist 18 years jf 
age, and usually work for five* years, earning 18s. 
during the first year, and rising to 86s. Hours of 
Avork are .54 jier wi'c'k. Bayment for both day 
and piece wwk is by complicated rules, of which 
(he following is a .sample: Casting (two 
machines), £1 16s. : easting (one machine), 

£1 18h. 9d. ; dressing, £l I6s. ; rubbing, 
£I 9s. 6d. ; kerning, £l 13s. ; warehousemen, 
£I 16s. ; mould-makers, £2 5s. ; justifiers, 
.£2; metal making, £l 14s.; lead casting, 
£l 13 ; por(<‘rs, £l 7s. ; furniture and quotations, 
£l 13; mould setters, £1 18s.; sanspareil 
easting, £1 18s. Ovi'rtimo seldom required. Pay- 
ment, one and a quarti'r rates for tirst two hours, 
one and a half rates for second two hours, after 
Avhieh, and also on Sundays and Bank Holidays, 
double rates are paid. 

Core MaKers. Apprenticeship usually five 
to seven years, beginning at 4s. per Aveek, and 
rising to 14s. or 16s. during thi' last year. Wagi*s 
aie usually 82s. to 88s. for workmen in organised 
districts, but less Avhen^ the men are not united. 
The houi*s of Avork are 58 jier week. 8om<*times 
no extra rate is jiaid for overtime, wdiieli may, 
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in other places, be remunerated at one and a 
quarter or one and a half rates. 

Stove MaKera. In the Rotherham dia- 
trict the apprenticeship system is becoming 
less common. Where it exists, seven years is the 
rule, from 14 to 21 years of age. Wages begin 
at 48 i, rising to lls^ per wwk. Sometimes, at 
17 years old, the youth is put on pioeowork, 
and paid 70 pei* cent, of usual workman's 
rates. Standard wages in th(‘ different de- 
partments vary, and rai»g(* from 30s. to 40s. 
per week. Overt inu' is sonn‘tiiU('s at one 
and a quarter and sometimes at one and a 
half rate. 

Bedstead Makers. Apprentieeship un- 
common. Boys enter tlie works at about 
15, at an average wage of S.s. per week, rising 
by successive inereases to 15s. at the age of 
18. From IS to 21 tin' youth usually receives 
a bonus of 15 per cent, on salary in addition to 
annual increases. At 21 lie earns 23.s., plus the 
bonus. The miniiiium ratt‘ for day labour is 
(M. per hour, plus a 15 per cent, honus, and a 
maximum lt)d. ])er hour with a bonus. The 
worker on the pieee system may earn anything 
between 35s. and Sbs. per week, ])lus a similar 
bonus. The greater part of the trader is in 
piecework. The hours worked vary from 52 
to 54 per w eek. 

Tank Makers. Machinery has changed 
the conditions of this trade, and fe\^er imm are 
entering it. 'There is no a])prentie(‘.shi]). For- 
merly, workmen riveters eould earn 50s. to 
80s. per w'cek, and ‘‘ holders-u}) ’ two-thirds of 
that amount, but such men ar<‘ now few', as the 
machine has taken their place, and remuneration 
is now on a scale a little above that of an intelli- 
gent labourer. 

Engineers — General and Textile. 

Apprenticeship usual from about 14 to 21 years 
of age; earnings 5s., 6s., 7s., 9s., lls., 13s., and 
15s. per week during the seven years. Rates 
vary very much w’itli the demand for labour in 
the districts ; sometimes as low' as 2s. Ocl. is paid 
during first year. Then for two and a half 
years the ex-apprentiee may be an improver, 
beginning at 24s. a week and leceiving an in- 
crease of 2a. per week every six montlis until 
he attains the workman’s standard wage, 
which is as follows, for the va,iious classes in 
the Midlands: 

Textile Fitters and Tunn'is .'Ms, ])er week 
Tool ,. ,, :»» s. „ 

Uriiidcrs (light \\ork) .. „ 

,, (heavy >vork) . . .'Iks, ,, 

Smiths . . . . . . .‘h'H. ,, 

Moulders . . . . nnd .’Ms. „ 

Pattern Makers .. 4';s. ,, 

Jn other districts the rates may vary slightly. 

Pieceworkers, who are common, earn from 20 
to 25 per cent, above these rates. Hours are 53 
jwir week. Overtime among men covered by the 
Amalgamated Society of Engineers is paid one 
and a quarter rate for first two hours, one and a 
half rate for second two hours, and double time 
thereafter. Machine and plate moulders, planers, 
millers, drivers, and labourers receive no higher 
rate for tj^rtime. 


Engineers* Tool Makers. Indentured 
apprenticeship quite dead. Boys begin at about 
14, and receive 6$. to lOs. a week, according 
to age and ability, rising to 14s. to 18s. at 21 
years of age. Day w^ages of workmen, 28s. to 
42s. per week of 54 hours. Piecework prevails, 
and higher wages are thereby earned. Overtime 
follows the practice of engineers. 

Edge Tool Makers. Edge tool and hoe 
makers require assistant' strikers who develop 
into skilled workmen. Lads begin heating at 
about 15 years of age, and when about 19, are 
usually made strikers. After some years — about 
the age of 25 or 2(> — the striker gets a fire and 
develops into a skill(?d workman. Strikers cain 
2Hs. or 28s. a vvci‘k, and workmen 40s. to 45s., 
all on })i<*ccwork. Day wages for odd work aiv' 
0()s. a week ill Birmingham for workman and 
striker togclher. Hours ar(‘ .50 per wa^ek, and 
nothing extra is paid for (.ivertime. 

File Makers. Ko a]}prenl iceship jiroper. 

A boy b(‘gins heating at about 14 years, retaaving 
Os. per week, with an advance of Is. per week 
per annum until 17 years old, when he will ^ 
probably riacivc Ids. jaa* week, and a further^ 
2s. ndvanc(‘ each year until he attains 21 years, 
when lie ought to he able to earn a qualihcd 
workman s \vag(‘ of lOs. to 50s. Dsual hours 
are 54 par \\c(‘k. 

Plane Makers. An apjirent iceship of 
.s(‘vcn years is usual in Lnglundand of five years 
in Scotland. Thv youth serves half this jicrind 
uiKh‘r a journeyman, beginning at 5s. per week, 
and rising by Is. {)er annum. During the 
second half he is put on })ieer‘wa)rk and receives 
two-thirds of th(‘ ordinary workman'.s waiges. 
Plains m ikers an* paid entirely by pieee, and a 
fair artisan a\erages 3-4s. for week of 54 hours. 
Overtime is seldom reijuired, and is paid as 
oriliiiary work. 

Razor Forgers. All work(*rs are on piece- 
work, and a hoy entering th(‘ trade becomes 
engaged to the Avorkman and not to the employer. 
No boy is admitted to the trade except the son 
or tin* stc])s(m of a worker, and he must be not 
less than 14 years of age. There is no recognised 
rule as to paying appnmtices, as, under the rules 
(uifoi’ced by t he trade union, the whole apprpntici*- 
ship sy.stem is practically hoys helping their 
fathers. Workmen earn good wages. A man of 
fair ability has no difficulty in making 50s. a 
week. 

Gun Makers. Apprentitieship much less 
common than formerly, but w4ier(i it prevails, 
seven years is the usual time, and 7s. the com- 
nieneing wage, lising to 14s. For workup, 
the day wage is usually Is. per hour, but wnwe 
piecework is the rule, morii money, varying 
in aeeordaiiee with the ability of the workman, 
may earned. There are no uniform hours 
of woj-k throughout the several departments. 

Lock Makers. Apprentieeship used to be 
general, but it is now obsolete. All locks are 
now made by piecework, and an expert and 
expeditious worker may earn twice as much as a; 
clumsy fellow at hia elbow. Borne men earn 
not more than 20s. a week, while more skilled ' 
comrades will pocket 40a. a week pr more. 



workiilg at the same terms on identical work. The 
average wage is about 308. a week. Preparing 
parts of locks is often done by day workers 
at 6d. per hour plus 20 per cent. The pre- 
paration of parts for common locks is done by 

ouths and girls at about 83. per week of 54 

ours. 

Safe Makers# Boys usually begin at 
about 15 or 16 years old, earning about Ss. a 
week in London or 58. a week in the provinces, 
and serve until 21 years old, being put on piecc»- 
work during the last two years. Nominal hours 
are 54 per week, hut the men seldom work 
their full hours. All work is paid by piece, 
and the result is 33s. to 45s. a week with an 
average of about 36s. 

Mathematical and Optical Instru* 
ment Makers. It is estimated that not more 
than 10 per cent, of the workmen in this trade 
have served a regular appront ieesliip to it. Ap- 
prentices serve seven years, beginning at 6s. per 
week, and rising 2s. yearly. Standaid wages in 
the London district arc Hid. p:'r hour, but on 
piecework — which is rather eommon — OJd. to 
Is. ]X‘.r hour may be made, with even an addi- 
tional bonus when the work is finished. The 
hours of labour vary from 48 to 56 per week, 
according to the diflfiu’cnt shops. Sometimes 
ordinary rati's are paid for overtime, and some- 
times one and a oiiarter rates. 

Jewellers. London is the seat of the 
better-class jewellery trade and the workmen 
engaged arc largely foreign. Apprmitieeship 
exists but is not general. Departmontalism is 
seriously alfeeting the quality of the workmen 
turned out, and the demand for foreign skilh^d 
labour shows no sign of decrease. Apprentice- 
ship, where it prevails, is for seven years. 
Ordinal y work is paid for at the rate of 7d. 
to Is. per hour, and Is. to Is. Od. for best work. 
Workmen who have special skill in modelling 
and designing may make up to as inueli as 
£10 a week. Such men are chiefly Frenchmen. 
Piecework prevails as well as time-work and 
its remuneration is slightly higher. 

Gold beating is a poorly remunerat(;d and a 
dying craft, owing to foreign competition. 
Wage8. average only 20s. to 30s. per w^eek. 
There are no youths entering the trade. 

Gold and silver wire drawing is done chiefly 
by women, who earn up to 13s. per week. 
There has been much short time lately on 
account of slackness. Girls learn the trad«‘ 
in about a year after having been taken on as 
message girls. 

Watchmakers. The English watch 
trade has gone and no youths are entering it. 
Most of the workmen now in it are old men 
who learned the craft in its flourishing days. 
Wages are by piecework and 40s. to 60s. is 
the rule for men of skill, but this is little more 
than half what was formerly a eommon 
remuneration. 

Clockmaking. The trade of the clock- 
maker is not in such parlous state as that 
of the watchmaker. Boys entering the trade 
are not now taught it properly, as attention 
to an automatic machine- has taken the place 
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of skilled knowledge of horology. Wages 
are usually 8d. to 9d. per hour for 54 hours’ 
w'ork, and machine minders may earn more 
according to the work put out, so that Is. 
per hour is not uncommon. 

Britannia Metal Workers. Appren- 
ticeship general, and obligatory. Boys usually 
begin at 14 years, earning 4s. [wr week, and servi^ 
seven years, rising to 10s. per week. During 
apprenticeship, and wlien the boy has lx^<*omo to 
some extent inastei of his craft, he is paid a ikt- 
centage of piecework lates in addition to hi.s 
salary, the ])ercentage varying from 2d. to 6d. in 
different workshops. Workmen are usually on 
pieeework rates, and earn from 30s, to 40s., 
according to ability- Day w'age employ tM*s 
receive (kl. to Sd. p(‘r hour. No extra rate is 
paid for overtime. 'Fhe working wcH*k is 54 
hours. Tlie.se conditions apply liotli to the 
spinning ami the making up of artiel(*s in 
Britannia metal. 

Ironplate Workers. In the Stafford- 
shire district, which is the centre of tins trade, 
departmentalism is ousting the skilled worker 
in favour of the die press, and tlu‘ o])erator 
is pratdically only a su|H*rior laboui'er, 
Approntieeship is fast dying, and wages have 
gone down. The payment of w oi kmen is largely 
by piece rates, which vary in different towns, 
and nothing extra is paid for overtime*. At tempts 
ar(' being made to standardise wages for the 
Midlands, but succ(‘ss is extremely iloubtful. 
Work is for 5(» hours per w’oek. 

In Scotland, appremtieoshif) in tlw* sIhh*!,- 
inetal working trade lasts six years, Jind then; 
arc no general restrictions regarding tin; number 
of apprentic(‘S. Wag(‘K 5s. per week, rising to 
from 12s. to I4s. Working hours are 51. per 
week. Adult wages are 8d, per hour, and over- 
time is paid at one and a lialf rates. 

In the Glasgow^ district the rulc*s of the Sheet 
Iron Worki'rs, Light Platers, and Ship Range 
Society pennU one apprentice to every five 
journeym<‘n. Sometinu'S this rate is slightly 
exeeedt‘d. Apj)rcntices serve five years, begin - 
ning at about 6s. per Avi‘(‘k, and rising annually 
by 2s. per week. Tli(\y are frequi'iitly ])ut on 
piecework during a ppren fireship, and earn far 
mon*. Workmen's wages vary indifferent districts, 
but the av(‘rage is ])r()l)ably 9d. per hour. Ifours 
of work arc* 54 p(*r \v(‘ek, with one and a half rate 
for overtime and double time for Sunday work. 

Tinplate Workers. In the Wolver- 
hampton disirict, which is the contn; of this 
trade, fxiys serve a seven years’ apprentic.eshiji, 
from the ages of 14 to 21, beginning at 4s, p(‘r 
Aveek, and receiving annual increases of Is. per 
w'lH'k until they are 17 years old, when they an; 
put on piecework, and earn two- thirds of or- 
dinary workmen's pic'cework rat(‘s. Om; boy 
is usually allou'cd for <*very five; men. (.’ortain 
branches of the trade, such as the making of 
cycle gear-eases, motor ac(;essories, and gas- 
meters, arc paid 8Jd. per hour for 54 hours a 
week, with one and a quarter rati* for overtime. 
Other w'ork, including dairy work, making lamps 
and lanterns, and brass, copper, tin, zinc, and 
iron hollow-Avare, ventilators, and Government 
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contract work are upon a piece scale, and rates 
differ very much, but are usually slightly higher 
than the time wages mentioned, and the working 
week is only 50 hours. 

In the Aberdeen district, where there are a fair 
niimlwr of tinplate workers associated witli the 
canning industry, five years’ apprenticeship is en- 
forced. Wages begin at 4s., rising to 9s. or 10s. 
IXJT week. No standard wage rates for workmt'ii, 
earnings varying from 20s. to 25s., according to 
ability. Overtime is paid one and a ipiartcr 
rates. 

Brass and Copper Workers. In the North 
of England, apprenticeship begins at the age of 
14 , or, if the lad has attended a technical school, 
at 10, and terminates at 21 years of age. A 14 
years’ old apprenticeship begins at 4s. andri.sc.s to 
from Ihs. to 10-5. A 10 years' old apprenticeship 
Ijegins at 4s., but in thnn* months rises to the scale 
of an ordinary apprentice of the same age. Brass 
moulders receive 40s. per week of 5‘1 hours, brass 
finishers receive. !l0s. Overtinu^ from 5 p.m. to 
7 p.ni. is paid atone and a quarter rate, and after 
7 p.m. one and a lialf rat(‘. Lads re{‘ei v(‘ 20s. pt^r 
\v<^ek on completion of apprentioesliip, but rise 
to the recognised standard wage 12 months later. 

In London there are no imlentured appnai- 
ticotf. Boys enter the shop and are put to 
the lathe and vice, earning 2s. ;i<l. per work- 
ing day of nine hours, rising to Od. ]H‘r hour. 
In ynecework shops, "‘improvers" — i.r., hoys 
who ha V(i been a few years at the trade, are paid 
two-fifths, half, or thnre-tiftlis adult vat<‘s. 
Artisans’ wages range from 8d. per hour uj)wards, 
the greater number rweiving 8.Jd. Overt imt‘ i.s 
paid at one and a quarter rates for first two 
hours, one and half rn,t<^s after, and doubh' rates 
for all-night work and Sundays. The working 
week has 54 hours. 

In Scotland apprentices in general shops serve 
seven years, and in engineering and shipbuilding 
shops six years. Wages begin at .'Is. per week, 
and rise Is. por week each year. Usual rule* is one 
apprentice to five or six journeymen. Standard 
minimum wages for w orkmen are : Moulders and 
coppersmiths, 7id. per hour; brass finishers, 7d. 
p^rhour. First year journeynfen, Id. per hour 
below standard minimum. In general shops 51 
hours per week, with one and a half 7’ate for over- 
time ; in engineering shops, 54 liours per we<*k, 
with one and a quarter rate for overtime. 

Zinc Workers. Irregular appronticeship 
common from 15 or Ifi till 21 years old, 
wages usually beginning about .5s, and advanc- 
ing according to capacity. Work is dont^ both 
by time and by piece, shop Avork usually by 
ifie latter and outside work by the former, 
(’ommon wages in London are 5s. fid. to fis. fid. 
a day, w'orking out at 3fi.s. fo 40s. per Aveek. 
Provincial rates ai’e^-about 58. a week Jess. 

Lroad Workers. Makers of lead pipes 
and sheets, load shot and capsules have no 
apprenticeship. Workmen of extra skill may 
earn as much as 35s. a week ; but the average 
rate is 24s. to 28s., although some make not 
more than 20s. Girls are employed in making 
and decorating lead bottle capsules, earning 
7s. to 12s. a Aveek, or, if forewomen, 1 6s. 


HIDE AND LEATHER TRADES 

Skinfkera. The conditions generally arc 
much as in London, where apprentices must serve 
five to seven years or be tmj oldest son of a 
workman. Usual duration is now five years. 
Apprentices are on pieceA^ork at same rates 
as the men less 10 per cent, which the em- 
ployer retains. In all the depart ments — fleshing, 
splitting, and puring — piecework is in force, and 
the wages earned are from 25s. to 45s., from 
30s. to 50s., and from 40s. t o 70s. respet^tivcly. 

Fur Skin Dressers and Dyers. 

Formerly an apprenticeship of five years Avas 
eominon, and lads Avere taught all the depart- 
ments of unhairing, sha\'ing, tleshiiig, etc. Now’, 
for unhairing, lads are usually taken on at iho 
age of 18 and u]) wan is, and learn the trade as best 
they can in from three to six months, beginning 
at 20s,, rising soon to 25s., and liiuilly 30s. pel* 
week. No appnmtiees hav(‘ l)eei\ taki*ii oil for 
lh(' last 10 or 12 years on acc'ount of lh(‘ dearth 
of skins, vvbieh has caused the iiuhistry to decline. 
For entering as shavi‘rs and fieshers the con- 
ditions ar<‘ similar, except that the appnmtiet^- 
ship is longer. Work is by pierce in all depart- 
ments, and an expert man may earn twice as 
much as liis less skilled fellow. Day workers 
are employed in tlu' dressing ami dyeing depart- 
ments, and earn from 20s. to 30s. pen* w(*ek. 
Foremen of the various braneh(*s average about 
I Os. a wt‘ek inon‘. Hours an* 10 per day, (‘xeept 
Saturdays, vvlieii six houis an^ workc'd. Over- 
tim(‘ i.s paid for at (id. per hour. 

Women an^ cm])loyed to do light Avork and 
sewing, and earn from lOs. to Ifis. per wotdx, 
working nine hours per day. 

Leather Shavers, Appivntiecship iin- 
eoinmon, but five years is the usual tinuj where it 
[)revails. Nearly all w ork is piecework, and w’ork- 
men earn from 28s. to 4()s. a week according to 
ability. 

Leather Tanners. The tratle is very 
much divided up, nearly each process being one 
w’hicli requires skilled labour, and therefore 
apprenticeship is pretty general. There are 
many di\d.sions, and the three largest an’» 
the '“tanners" or “ fieshoi's,” ‘‘curriers," and 
“ finishers." All these are paid by tlie “ piece," 
and earnings depend on the skill and capability 
of the man. Ap]>rentiees arc usually bound at 
14 or 15 years old, and serve till 21. In some 
ca.se.s they are bound to work on timew'ork for 
so much per hour, a small rate at first, increasing 
as the hoy grows older and more skilful. In 
other eases the apprentice is bound to a journey- 
man to teach him the trade, and is paid by the 
man a percentage on the work ho does. The 
average working day is nine hours. 

A tanner or flesher earns from 30a. to 40a, 
per Aveek, a currier from 30s. to 50s., and a 
finisher about the same. There are so many 
different classes of work that it is extremely 
difficult to say accurately what is the average 
earning. We have known finishers to earn up 
to 80s. per week, but this is exceptional. Appren- 
ti<?es are usually the sons of men emplq^^ in 
the trade, but this is^not a condition. ; ' 



Eurriert* Apprenticeship is not very 
common. Usually a boy of 15 or 10 is taken 
to learn the trade, and is paid 10s. per week, 
rising gradually for throe or four yeaw. At 
tlie end of this time ho is con.sidertid an im- 
prover, and does general work of a not voiy 
responsible character. Tiicn he learns nailing 
and cutting. 

A cutter earns from £2 to £.‘1 15s. per week, 
or oven more, and .50 per cent. more, for over- 
time. 

The hours are 0 a.m. to 0 p.m. from (’l)vislnms 
to Raster ; and from Eastei* to Christmas, 
S.,30 a.m. to 7 p.m. Saturdays until I or 
p.m. There are chances of a smart man 
becoming a sorter and buyer (^f goods and 
.blossoming into a fur mereliant. 

Saddlery and Harness Makers; 'Hu rc^ 
are very few apprcntie('s in London, altliough 
■ i>vemium appventio(‘ship is not vinknown. 'Phe 
rule is tivt‘ or six yi*nrs, beginning sometimes as 
low as 3s. a week and sometimes as high as Ks., 
and in .sc'cond and substMpienl years the* wages 
arc lOs., 12s., 158., ISs., and 21s. Workmen <'arn 
a minimum day wage of 8, ‘Is. per w<*c‘k, but the* 
best work is paid for by pieet* ealeulated to giv«‘ 
lOd. [X‘r hour. IFours an* 52;\ })<*r week, and 
tliere is praetieally no overtime. In the pro- 
vinces the conditions are similar, but the wagc*s 
ar(‘ usually less. 

Portmanteau Makers, fu good sho))s 
portmantc-'au makers are bonus a])]m‘ntiees 
from 14 to 21 y<‘ars of age. reeciving 5s. a we<'k 
during the fiist year and an annual increase of 
Is. }K?r week for six years. During the last 
year the a])prcntice is ])ut on ])i('eework and ]>aid 
at half the rates of workmen. All work is by 
pietie. therefore there is no uniformity in earnings, 
imt the average for a good man is ;iSs. per week 
of 52 hours. For oviM’time the workman is 
paid 2d. per hour in addition to ordinary pic*ee- 
work rates. (Jood men aic always in ckannnd, 
and need not fear being out of employment, 
lienee the trade i.s one of the nmst attractive 
from the labour ]K)int of view. 

Boot and Shoe Operatives. Appienti('e.s 
unusual ; sometimes foi* two, three, or four years. 
'Pile minimum weekly wage for workmen »)ver 
20 years of age is rt^gulaled by each centre 
of the trade for its own di.strict. 'Pho rates at 
})r(\sent in force in the Leicester district are as 
follows : Minimum w^age for elieker-s, lusters, 
and finishers, 29s. per week, and for prcs.sin(‘n 
who are rough-stuff cutters, 2fis. per week. 
Probably about 25 per cent, of the o])craliv(‘s 
are on the minimuni wage, the. remainder 
corning considerably more, up to 50s. or over 
per week. Many men are- (mgaged upon pieet*- 
work payment, rates foi- which are fixed by the 
Board of Conciliation and Arbitration. Over- 
time is paid for at the rate of time and quarter 
for day workers, and at a 25 per cent, increase 
for piece-workers. Tn some other districts there 
is no recognised higher overtime wage rate. 
Overtime is not common, however, except for a 
few weeks before and after stated holidays. 

In Scoil’ind, apprenticeship is not now general 
except in the clicking department, %vhere the 
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lad.s serve five years, beginning at 5s. or (is. 
a week and rising to from 18s. to 21s. per w^eek. 
Adult operators have a minimum wage of 2lls. 
per week of 54 hours, with time and quarter 
for overtime. 

In Ireland apprenti(^e.sliip is pnietically extinct. 
A steady workman can make 358. a w(m 4 without 
much difiieulty ; but fenv of them do fo, the 
majority eoulenting themaelve.s with llu' 25s. 
or 2tis. a. w’oek wdiieh loose at tent ion to the 
regulation hours of work enabk‘s tlumi to (‘arn. 

Clog MaKers. The aiiprt'iitiee.ship .system 
is general ; ou(‘ apprentice to three, w'orknieii. 
Li-ds serve sewen yc'ars, f>r until 21 years of a.g(‘. 
IMieir wag<‘s art* low' during the whok* t(‘rm - 
starting with about 5s. per W'(‘ek, aiul finishing 
with about 13s. ptM* week. 

Adult oj)erati\'es work a.boul 5S or fitt hours 
)>er week, starting work at S..‘19 or 9 a.m,, but 
then* is no rule rt'gulating the lionrs. They 
conn* and go as they please, and as all work is 
jiaid for by tin* piece*, there, is no e‘Xlra overtime 
payment. 

Sole* makers ea,n earn over 4(ts. ]>er w(‘ek, and 
seatsnn*n from 27s. to 32s. per week. Wagt*s 
are always tt*ndi}ig npwartls, and then* has nut 
heeui one instance of reduction in tin* la.st t»9 
veaes. 

TEXTILE OPERATIVES 

Cotton Spinners and Weavers. 

Tliere is no system of apprenticeship in tin* 
cotton tratle. For most departments, tin* 
operatives ii(*ed training from early youth as 
the nceessary (h*ftnc.ss of tlu* fingers and d<‘liea.ey 
of touch can be aeipiired only during that p(‘riod. 
As a rule, th<‘y arc taken straight from school 
and t'lnployed as “ learners.'’ ^'his period lasts 
only a few weeks, and at pre.scnl is very 
.short indeial, ow’ing to the scarcity of labour, 
due to the abnormal inerc'ase in the number of 
mills and w(*aving .sheds. As a ndi*, no wage 
i.s jiaiil during the period of “ learning,” hut 
iuducements are at present offered in the shafm 
of pocket -mont'y. 

After say, four, or at imist six weeks, the 
’'learner ■ is put on tlie duties performed by 
chihlreu or young peisruis. In spinning mills, 
tbe.se <hjties a.r(*, for girls, baek tenting, tin* 
average wage* for w hich is about IDs. per week ; 
for boys. little pit^eitig, or “scavenging,” as it is 
called in tin* Bolton district, the W'agcs for 
which a vei age about 12s. t>d. The back tenters 
dt'velop into timtt'rs as soon as they show them- 
selves eapabU*, and there are vaeaneies. d^'ln^ 
w ages average, abou t 29s. 

The little pieei‘rs. or seav(‘ngers, develop into 

big pi«! 0 (*rs ” (sometimes called side piecern), 
.'^HV at lt> or 17 yc‘ars of agi*. with wages from 
lt)s. to 22 k. per Av<*ek, and thence into full- 
lledged minders or spinners, witli wages varying 
from 30 h. to fitls. per week. 'Kho average 
.spinner’s wage is about 40 k. per w(;ek. 

Hours of work are 55 .J i-ter w'cek — viz,., 6 a.m. 
to 5.30 p.m., U*sK IJ hours for meals, and fi a.m. 
to 12 noon on Saturdays, less J hour for meals. 
There is no recognised overtime worked in the 
cotton trade, the chief reason Ix'ing that child 
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labour is so necessary to nearly all departments, 
and the hours of labour for such are fixed by tho 
Factory Acts. 

The cotton trade is divided into two main 
branches — “ spinning” and weaving.” 

Wages in the great weaving centres differ, of 
course, from those in the spinning centres, one? 
principal feature being that male and femah^ 
adult labour at weaving is paid exactly alike. 
All wefivcrs, whether men or women, are paid the 
same piecework rates, which are contained in a 
list which applies to all Lancashire. 

Each weaver attends to as many looms as 
his or her efficiency warrants. It varies from 
two to six looms, and tho earnings rang( about 
Os. Od. or 7s. per loom. In the case of a weaver 
minding six looms, a helper is needed, who is 
paid out of the weaver’s earnings. 

There are, of course, sevc'ral processes siib- 
sidiaiy to the main branches of spinning and 
weaving, which are well defined, and for whicJi 
special training is needed. 

Flax Spinning and Weaving. Flax 
spinners usually begin as half-timers and 
fetch and carry to the machiiu's until they 
arc big enough to attend to preparing rna(d»ines 
or spinning frames. Half- ti triers earn from 
lOd. to Is. per day, and full timers from Os. Od. 
to 10s. })er week. Machine boys earn from 7s. 
to 8s. Od. per week, and hecklers (men) from 
25s. to 20s. Od. per week. 

(Jhiefly wonuMi are employed in linen 
weaving, and there is no apprenticeship, the 
machinery emi3loyed being automatic and 
requiring little learning. Winders — who are 
women — earn from 12s. Od. to 15s. per week, 
and weavers, also wom<m, receive from l)s. 
to 10s. per week, according to capacity and 
output. Dressers and tenters, who are men, 
are paid 2Ss. per week. Dressers’ apprentic(‘s 
serve three years, beginning at lOs. a week aiuJ 
rising to 14s. An apprentice tenter serves four 
years, beginning at Ss. and rising to 14s. The 
Itours are usually 554 pei* week. 

Wool Workers. But in the woollen trade 
itself there is a clear division into two sect ions — 
viz,j woollen and worsted. The difference, teclini- 
cally, is in the manipulation of the yarn. First 
as to tlie worsted trade, which has its centre in 
and round about Bradford. The hours workc'd 
are 55.J per wt^ck, and there is now no systtun of 
apprenticeship in either spinning or weaving. 
Childr<m go to the mills as soon us they leave 
school — the half-timer is a declining quantity — 
and commence as doffers — that is, removing tho 
bobbins from the frames, and usually graduate 
into spinners. As doffers they get 7s. fid. to 
ffs. 6d. per week, while as spinners, minding 
two or three frames, they earn from 10s. to 1 Is. (id. 
per week. Before the spinner, however, comes 
the rover and drawer, the pay of the former 
being about 10s. per week, and the latter about 
11s. Then there is the business of making 
warps, work for young women who earn from 
12s. to 14s. a week, and some on piece work 
even more. Weaving, of course, comes after 
these processes, and here the wages vary con- 
siderably^ •according to the branch in which tho 
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young women and young men and elder^ persons 
are engaged. The highest wages are earned in 
the Huddersfield fancy coating trade, where 
as much as 25s. can be earned at piece tatos, 
but generally the wages may bo taken to run 
from 148. to 20s. per week. 

In the woollen industry the preliminary 
processes are not exactly the same, noi* are tho 
conditions of employment identical. In a 
woollen spinning mill a man will take from tho 
masUw BO many mules and engage his own 
“ pieeers,” or young persons, whose wages run 
from 10s. per week upward. 1’ho wages of 
weavers run from 1.3s. upwards, but here, 
owing to the heavy description of the work, 
weavers an^ engaged mostly on one loom, 
whereas in the worst(‘d trade a weaver will 
mind two looms pretty generally in the Bradford 
dress trade, though on high-class work in tho 
Huddersti(4d coating trade one loom is more 
nearly t-lu? rule. There is no apprenticeship in 
the Yorkshire woollen industry, .and the hours 
of labour are tho same as in the worsted trade. 

In the Welsh woollen trade young men are 
apprenticed as spiimiTs and weavers f(3r three 
years, and during appienticeship cam about 
one-third the full wage of operatives. The wages 
of spinners arc 2ls. per week, and weavers are 
paid by the yard of output. The workmen’s 
union does not ])ermit women to work at spin- 
ning or weaving. Tho latter prepare the yarn 
for the looms, and earn about Ids. a week. 
Men receive no extra remuneration for overtime 
and women do not work ovt^itiine. 

Woolstaplcrs. Apprenticeship still in 
vogue, but becoming less common. It is usually 
seven years. Apprent ices to a woolstapler begin at 
28. (kl. to 4s., and rise^ to 10s, or 12s. If appren- 
ticed to a manufacturer, 4s. is paid on entering, 
and the wages rise to 20s. during th(i last year. 
Apprenti(?es to a piecework firm are paid a 
similar remuneration for four years, and during 
their remaining three years arc paid as men, but 
have to refiiml the m ages paid during the four 
years. Day-work wages for men are 32s. per 
week for a nine hours’ day, and pie<iowork wool- 
staplers (uirn 4()s. per week in a 10 hours’ day. 
Little overtime is worked, as daylight is neces- 
sary, but short time is frequent during the 
summer months. 

SilK Workers. Apprenticeship prevails 
to a fair extent in the different departments 
and its conditions are as follow : 

Wea visas. Apprenticed for about five years 
until 21. Wages, three-fourths of the rates 
paid to adults. 

Pickers. Apprenticed for about five years. 
Wages begin at Os., adv.aneing Is. every six 
months until they reach 20s. 

Twisters. Apprenticed for two years. Wage 
about 1() \)vr cent, less than the rate for adults. 

Mechanics. About five year.®, until 21 years. 
Wages, 5s., Cs., 7s. Gd., 9s., and 11a. 6d. per week, 
during the respective years. 

The wages of men workers are as follows : 

Weavers, from about 248. to about 40s. ; 
pickers, from about 20s. ; twisters, from about 
258. to about 2Ss, ; braid makers, from about 



208. to abmit 28a. ; moohanica, from about 20a. to 
about 35a. Overtime is paid at the same rates 
as ordinary time. 

The wa^es of women workers are ai>out as 
follows : 

Hard silk workers, adults, Hs. to 10s. ; soft 
silk workers, adults, 9s. (id. to 10s. ; cotton 
winders, Os. (Id. to 16s. ; spoolers, I Is. Od. (o20s.; 
hand loom weavers, 8s. (o I4s. ; cmbi’oidercrs, 
12s. to 14.S. ; liuu' taggers, 10s. to l.'is. ; braid 
workers, lOs. to lOs. ; cotton polishers, l(*arncrs, 
advancing to 12s. (id. 

Some inanufacturcrs pay by pitM*c\voi‘k, as 
far as practical)!**, and frequ**iitly the cotton 
woi’kcrs get more than tla* wages nam<*d abov**. 
There is no overliinc for women. .All workers 
have 5.‘1 hours per week. 

Lface Curtain Weavers. In Si-otlaud, 
the seats of the lace curtain trade, are Darvel. 
Nowmilns, Oalston, Kilmarnock, St(*war1on, 
and (ila-sgow. Kaeb of these pliutis has il.s 
own rules as to hours of wojU and wag(*s, 
but Tiowh<‘re does ap])rentieeship })i(‘vail. 
At the same time, the weavt‘rs go ibrougb a 
course of Ic'aniiug, starting a.s shut tiers, then*- 
after being brass bobbin winders, and assisting 
tor some lime at a laet* maebim* before lading 
em])loyed as a- lace w**avtT. Then* i.s no spca ial 
fluratlon of learning, the whole depending on tlu‘ 
eapal>ility and age of the learner, Hu* hours 
of the learners depemd upon their }\g(‘s. Up to 
the ag<* of 10, they can bo employed only to 
0 p.m. ; up to 18, to 1(J p.m. ; and after that 
they arc* c*ngag('tl as night-time shuttlers until 
tlu'y start assisting at lace machines. In 
Newmilns, the* work is carried on in thn*(* shifts 
of eight hours each, and tlie wages for the lace 
w’oavers range from 2.)s. to 28s. per week. In 
Darvel, vv<*avers ojily work two shifts of tem hours 
each, tile, mills being clos<‘d during a part of the 
night, and their wages are [laid hy results ; but the 
average wage of a good weaver is about 27s. or 2Ss. 

Trimmings Weavers. Apprenlie<‘sl»i]) 
limited, as few' boys enter the; trade. Usual 
time is six years, beginning at 8s. and rising to 
los. per week. Workmen earn los. to 25s. 
a week. Hours are 54 per w'oek with no ov<‘r 
time. 

Tailors. Apprenticeship non-existcul in 
England but usual in Scotland, Ireland, and 
Wales. In Ireland the trade sufTers through 
cjxcess of apprentices. Apprentices serve live 
y. 3 ars Iwginning at 2s. Od. a week and rising l,y 
annual Is. per wee^k increases. Average* wage «)f 
w*orkmen 35s. per week of 54 to 60 hours. Over- 
time not generally rc^cognised, but where it 
exisia rule is payment- at one and a cpiarter 
ordinary rates. 

Tailors* Cutters. Apx>renticeship is usual 
and there is no restriction a.s to number. Wages 
vary considerably, average being probably 5s. 
j>er week to begin. Apprenlicesbip usually lasts 
three year's. Wages to competent workmen in 
Jvondon are 4(M. per week of 50 hours, with lOd. 
j)er hour for overtime. 

Felt Hatters. Apprentices usually serve 
five years. Apprentice's’ wages vary, but are 
often on the piece > scale, less 20 to 33 i per 
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cent. Workmen are paid by the piece, earning 
from 32s. to 40s. per week, with no extra 
remuneration for overtime. 'Fhe standard 
minimum wages are : Eressers anti machine 
curlers, .32s. ; settlers, 33s. ; formers, bardeners, 
machine yiarers or setters, 35s. Finishing and 
shaping is done* by pi(*(*ew(>rk, w'ith a minimum 
rate of 35s. Om* apprc'iiticc* is allowed for every 
five journeymen (‘inployed. 'Phe^ hours of 
work are 5(1 pm* w^c*ek. Felt hat trimming is 
done by women. No ap)>rentices. A girl l('arm*r 
pay-i lUs. lo *2()s. to a tutor, and works for 
her for om* mouth without- wages, after which 
she becomes an ordinary wovki*r and is paid 
piece rales. Workers <*arn 15s to •25s. per week 
of 5(> hours. 

Silk Hatters. A sev*‘U years’ indentured 
apprentic<*shi j) eonipulsoiy. \Vorkmen are })ai*l 
by a. t om])lii ated pieeework seali*, and earn 4bs. 
to ()9s. a, w<'ek. From .Januaiv to .bine hours 
are 1 1 per day and fnmi ,TuIy to Dec^anber 9 p*'r 
day. Sat unlay w oi k c<*asi‘s at 1 p.m. No over- 
tiim* allowt'il, and breakers of this rule are tint d 
tid. for t‘verv live minutes by tin* workmen’s 
union. 

Hosiery Weavers. 'ria*re is no aj)- 
})renti<*eshi}), tlu* maelnneiy employetl. being 
automat i<‘ and necessitating little to learn. 
StamhiHl wages an* gauged by a mutually 
arranged price list. .Ab'U earn from *25s. lo 45s. 
per w'i'ek, women from l(>s. to 24s. ’Phe hours 
of w ork are 55 J per wei'U. 

Umbrella Makers. No inih'iitured 
apprenticeship, hut ( omj>et('ne<* is eonsidf'it'd to 
Im* atlaini'd only after I'ight or nim* years’ 
<‘>.])erieiu*(*. Stambird wages for frame* maki'rs 
an* 3()s. per w(*ek, for cutlers 33s., and for 
tinishers .3()s. )H‘r w(‘ek. 'Ph*'; hours are 55 pf'r 
we(‘k and overtime is paid at one ami a quarter 
rates. 

Bleachers. No branch of this industry 
would lend itself to ap})rentiee.ship. Tin* various 
pr()eess*‘s are in theniselv(*.s of a simple chara(qcr 
ami readily ae(piir(*d. 'Pin* custom of the trade 
is (hat young ])<‘rsons enter the works and 
gradually i)ass u])w*ards from om* depart ment 
to another as llw'y grow' oldei'. Bleaching 
starts in what is called tin* erofthouse, where 
tin*, grey cloth undergoes a drastic pnicess of 
washing and lileaehing. 'Pin* cloth proc(M*ds 
from tin* croft to various departments to 
be tilled, calendered, beetled, made up, and 
paeki'd. 

Hours and wagers in the bl(‘aching trade, vary 
very much, in s*>me districts the hleaeln>rs 
work upon a piecework basis, and tin* hours 
work<*d per week iisin.lly to 56.1. In 

olln*r districts it is eustomarv to pay on a tinn^ 
basis at so much }M*r hour, and a working week 
usu illy consists of 59 to 60 luuii*s. Wages arc 
much the same as those of dyers, given Vielow. 

Dyers. Apprenticeship <loes not prevail. 
Boys start at 14 or 15 years of age and 
receive from 7s. to 10s. per week, rising, usually 
by increments of Is. per annum, to 18s. per 
w'eek, which seems to be the wage among the 
Staffordshire silk ant} cotton dyers. Attempts 
are >)eing made to elevate the status of the 
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workers. The Yorkshire dyers are better 
paid, and their standard wage list is as follows : 

Leeds ani Country 
Department Bradford Halifax Dlstrieta 

Crabbing (first man) .. 26s. 25a. 24s. 

„ (second man . . 24 h. 23a. 22s. 

Singeing (first man) . . 26s. 258. 24s. 

,, (second man) . . 24a. 23s. 22s. 

. Black Dycbousc Machines 

(first man) . . . . 24s. 23a. 22a. 

Jiggers (first man) . . 24s. 238. 22s 

Colour T)y chouse Machines 

(first man) . . . . 2-ls. 23s. 22s. 

Padding (first man) .. 2-Is. 23.«. 22s. 

Jiggers (first man) . . 24a. 23s. 22s. 

Drying machine (first man) 26s. 25,s. 24s. 

Washing-off Machines (first 

man) . . . . . . 24s. 23.s. 22s. 

Black Rolling Department 

(first man) . . . . 24s. 23s. 22s. 

FIrers . . . . . . 24s. 24s. 24s. 

Tub Skeiners . . . . 24s. — 

Usual day's work is 6 a.m. to 6 p.m. Overtime 
after 7 p.m. is paid time and half, but night-shift 
men receive only 6(1. extra per night. Tlic work- 
men’s unions control tho taking on of new irn‘n. 

Carpet Weavers. Tn England the taking 
of apprentices depends upon the vaeancie.s 
that may oeeiir. Apprentices liegin between 
the ages of 13 and 15. anti are generally 20 
before being entrusted with a loom. If specially 
capable a youth may receive a loom at 1 8, but has 
Is. 8d. per £ deducted from his earnings until 
he is 21 years old. In f ho Leeds dis(ri<!f, .3d. ptT 
shilling is deducted from the earnings of appren- 
tices up to 18 years of age, and 2d. up to 21 yt 
of age. One penny per shilling on all fahrit?.'-’ for 
winding is detlutdtal hefort^ the apprentietf s fee is 
taken off. 3'he foregoing principles ajiply to 
Venetians and Dutch. 'Ihe charge for learning 
is paid by the employers. The duty of the usual 
apprentice is to attend to the re(|iiiremeiit.s 
of two weavers, and he receives as salary .3s. Dd. 
in the £of their joint earnings, which sum is paid 
by the firm. The apprentice usually earns 
anything from 8s. to 15.s. per week. VVeavers’ 
W'ages are regulated by tho “ Kidderminster 
Prie:.* List,” but under ordinary circumstances 
tho weaver receiv(‘S 30s. to 45s, for 55A hours’ 
work. No extra rate is paid for overtime. 
In the Scott isli carpet trade apprentices are 
accepted only after having been four years at the 
looms. First year 12s. to 14s. a week is paid. 
During the second ycuir they an* paid 75 per cent, 
of tho piece work wages paid to men. Some- 
tim(*s during the third year fliis deduefion 
of 25 per cent, is placed in tlu^ bank by the 
employt'r and handed to tlu' worker in a lump 
sum upon the completion of his apprenticeship. 
Uarpet weavers are paid by the piece, and rank 
liigh among textile operatives. 

Floor-cloth and Linoleum Printers. 
Apprentices begin at 10s. per week and lise by 
Is. a year during five years. Standard time wages 
in Scotland are 2.')s. per week. Overtime is 
paid time and a quarter. Most of the hand printing 
is now done under piecework prices, and the 
tvorkei's earn more under this syste*’^. 
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Rope and Twine Operatives. Ap< 

prenticeship fairly general and lasts seven years, 
beginning at 6s. and rising to 14 b. per week. 
1’he standard wages of journeymen are 288 . per 
week for a 10^ hours’ day. Overtime during first 
two hours paid at time and a quarter rates, second 
two hours time and a half rates, and any long/^r 
time or holiday work paid double. 

Mat Makers. There is no apprenticeship 
in mat making proper, but apprentices serve for 
three years to matting weaving. The wages of 
workmen vary in different parts of the country, 
Tn London the average is about 30s. per week, 
and in the country from 20s. to 25s. Nearly 
all tlie work is paid at piece rates, and there 
i.s practically no overtime. 

WOODWORKING 

Sawmill Operatives, Nearly all saw^yers 
and machine men serve four years’ apprentice- 
ship, and saw' doctors six to seven years. 
Apprenticfcship wage.s, 12s. to 20.s. per week, and 
oeeasionally more. Sawyers' wages range from 
7d. to t)d. per hour, and machine men from 7.Jd. 
to lOjd. per hour, dept'nding somewhat upon the 
nature of the maehim* worked, and upon the 
skill of the ojxnator. Hours vary from 51 to 
54 per week, and overtime wage.4 from one and 
a <piart<‘r to one and a half rates. 

Saw doc tors earn from 36s. jKa’ week, and the 
averagt' is about 40s. "I’liose in saw mills and ship- 
yards hav(* a 54-lioiir we<‘k, and those <*mployed 
by joiners, builders, and eabinet-makens work 
.51 hours per w'eek. 

Carpenters. See under Building Trades. 

Cabinetmakers. Infiuences w4iieh have 
modified tlu* eonditious of carpenters and joimu’s 
have brought similar hut more accentuated 
results to th(‘ cabinet -making trades in England. 
The conditions of apprenticeship in the latter 
approximate to those giv<*n under Uarptmter-s. 
3’lie wages and working hours of cabinetmakers 
vary Avidely. The following shoAV the conditions 
in several representative towns : 



Itato of WaKPS Hours of 

District. 

per lioiir or 

^abour 


per Week. per Week. 

Ain'inlooii 

7d. to 8^d. jM‘r liour 

. . 51 

D«ri*f)\v-iu-Fm'in'SH 

afi.s. to .‘18.-?. 

.. .54 

Belfast 

3<ls. ill 'Pown Shops 

JiSs. .‘Id. in .sliipvjirds 

.. 52\ 
.. 54“ 

ninnin^luea 

;}d. to 42s. 'ud. 

.. .54 

Hradfoi'O 

8;d. per hour 

.. 54 


2Ss, t() H5.S. 

. . 55 

I'urlisI,* 

7. 'id. to 8d. lAor hour 

. . 50 

Dui)liii 

:irw. 

.. 54 

10diid)ur;r}i . . 

8\d. per hour 

. . 51 

<»IhS}XO\V 

7d. to lUd. per hour 

.. 51 

Hull 

7 ill. jHT hour 

.. 55J 

fsle c»f Man (Doutcla-.) 

2Ss. to .IUm. 

. . 54“ 


Ud. ])i‘r hour 

.. 49.J 

Livrrpnol. . . 

h.id. per liour 

.. 40.4 

London 

{hid. lOJd. per hour 

.. 50“ 

1. on dont lorry 

28m. to 

. . 54 

Maiicijostor. . 

Idd. hour; carvel’s lOd. 

. . 48 

Midd!eslii‘ou>:li 

sId. to Od. ]Ai'r hour 

.. 53 

Ke wertst U' -on -Ty la* 

f h-id. per hour 
\ 37.S. in sliipyarda . . 

.. 50 
.. 64 

Nottinjiham 

Hid. to 9d. Tier hour 

.. 64 

Prt'stoii 

8d. to SJd. Tier Jiour 49i to .54 

Shomel.l . . 

8Td. {xir hour 

.. 524 

Wolvorlmnipton 

7^(1. to 8d, jier hour 

. . 64 

York 

308. to 328. 

. . 64 



Overtime usually one and a quarter ordinary 
I’ate, but, somatimes one and a half rate, and 
even double rate for special work and for certain 
days. Piecework is becoming more common, 
and imdjer its conditions Avages arc higher and 
the work harder, Departmenialism is iriHuciicing 
the general efficiency of the workmen, who are be- 
coming .specialists in their departments, ther<*hv 
lessening their chances of securing occupation 
if necessity re(piiros a change of cmploytT. 

In Scotland apprenticeship ju’ovails in all 
the different branches of the liadc. A]ipi(*nti('o 
cabinet makers,chairruak<u’s, and polishers iisnally 
serve one year's probation at 4s. a w(*ek, and then 
a properr live years' apprenticeship, earning 
r>s. (id., 7s., t)s., Ihs.. and ITjs, during the re- 
spective y<‘ars. Upholsterers and carvers serve 
six years and earn similar wages. "Phe ininimuin 
wages for cabinet makers, (‘liairmakers, and 
French polishers are 7 Ad. p(‘r hour, and of carv(‘rs 
and upholsterers SAd. per hour. The niiniinutn 
rate.s for machine men are as follow : 

Boring and morticing machines (iAd. ])er hour. 
Tenoning machines . . . . 7d. „ 

Hand, fret, gei man, ind circular 
saws . . . . . . . . 7 Ad. ,, 

Jdaning, dovetailing, yankee, 
and straight jjioulding 
maeliines .. ., .. 7 Ad. ,, 

Spindle machiiu^ . . . . Sd. „ 

General hand . . . , , . Hd. „ 

Hand turner , . . . . . 7d. 

Men may earn much more on })iecework. 
Time workers have one and a ({uart<‘r rate for 
tirst five hours overtime, and on<* and a half rate 
aft (' 1 * wards. 

In tluM’e is a revulsion from the 

former looseness of the a[>pi’<‘nliceship systtan. 
A few years ago the employers f(Aund that so- 
ealled apprentices finished their lime without ji 
)) roper knowledge of their trade, and they now 
hind apprentices for seven years, the wages 
beginning at 2s. t*d. a week, and rising to 2tfs. 
during the last year. This practice is making 
for good cpiality in Dublin-made furniture. 
The standard wages for men ar(‘ Mos. ])er week <'f 
.54 hour.s, with one and a quarter rate for ov<m*- 
time beyond two hours. 

Carriage Builders. In England, appren- 
ticeship lasts for sev(m years, usually beginning 
at .‘Is. per Aveek and advamung by Is. to 2s. 
increments each year. 

The wages of adult operatives ai’c from ‘Us. 
to 40 k. per week of 53 hours, and t he remuiuTation 
for overtime is time and a quartt’r. Many 
employers give their apprentices double tiin»^ 
for overtime. The wages of the adult operatives 
vary somewhat, as, although a smith gets, say, 
38s. there are in any other worki^j^en who may get 
40s. and 42s. per week. In fact, a man is pnieti- 
cally AA*orth what he makes himself worth, Jis 
machineiy ip not used to any great extent. 
Hmlths, vicemen, iKidymakers, painters and 
trimmers are in practically constant employment. 

In Wal«|y apprenticeship is common, espc^cially 
in the wheelwright and wood trade, but not so 
common in the smiths and painting depart- 


ments. Many boys enter the trade after lacing 
strikers for a smith or handy lad in the paint shop. 
Apprenticeship, Avlu're it prevails, ranges from 
three to five years ; soimdimes a premium of i,'} 
to £10 is demanded. Wages are 2s. fid. for first 
year, rising hy 2s. fid. annual increases. After 
apprenticeship, a youth usually serves tAVO years 
as improver at 18 h. to 20s. per Aveck. Averagt* 
Avage for Avorkinen is 32s. ])er w(*ck of .54 liours. 
Overtime varies from ordinary ratf‘ to one and a 
(jiiarter time. 

In till* Scottish vjin and lorry trad*' appren- 
liccsbi]) is for five years, Avith .^s. a week, rising 
l>y Is. ])cr wci'k (‘vtu-y six months. Wages of 
first -class nu'u average .‘Us. p(‘r week of 51 
hours Avith one and a quarter fate for overt inn‘. 

Railway Waggon and Carriage 
Makers, Apprentieeship is fairly general, and 
lasts four or fiv(^ years, beginning at Is. })er day 
r.nd rising to 2s. during last year. Ajiprentiees in 
])iee<‘work sho])s are oit<‘n jiaid more, sometimes 
half as juueh again. (Vaitraet sluqis Avork nine 
hinirs i)<‘r day on pi<‘e(‘Avork. In the eolli('rv 
districts, 9A hours )^(*r day on day wages is 
the rul<‘. In contract shops, 32s. ]H'r wt'ck is 
the usual woiktiK'n's wage, and overtime is paid 
at one arul a (piart or ratf's. Jri *m> 1 fiery districts, 
general wages arc' ‘IPs. per Avec'k, Avitli no c'xtra 
for ov<‘rtini(‘. In tlu'sc' distriets, workmen 
complain that during tlic summer time* they are 
often recpiiic'd to Avork for six lionrs, iqi to 
12.30 p.m., and iret'ivc* only half a day's j)ay ; 
also, tliat they are often r(‘({iiij'(*d not to work on 
Saturdays, thereby forfe^iting a whole day’s pay. 
4'he employers in this department are fcAv, and 
the* men, th(‘refor(‘, unahk* to enforce better 
conditions of labour. 

Coopers. .\pprcnticeslfi]) general and 
usually im])evati\'^e. 'Hme s('rved, seven y<*ars, 
beginning at 4s. ])er week, and rising annually 
N. or sometimes 2s. )M*r w(H*k. After third or 
fourth year, however, appn'utiees nrr frequently 
])ul on piece rates, receiving half, and during 
the last yeai' of apprentiet‘ship tAvo-thirds of the 
j*uiru(*ynu*n*s standard wage. Standard wages 
in the. Midlands for wet autpers are fis. fid. pi'i* 
<lay, or 3fis. fid. per week of 54 hours, with lOd. 
per hour for overtime. London wages are 7s. fid. 
t»i Ss. <»d. ]>er nine liourw' ilay. 

GLASS AND EARTHENWARE 
TRADES 

Bottle Makers. Apprentiees ser\a' five or 
six years, beginning at I os. and rising to .‘10s. a 
A\e(‘k. There is usually about one apiirentiee 
to eveiy six Avorkmen. In tlie (dasgow district, 
which may b(‘ taken .vs ty]iieal, the Aveekly wages 
are as folloAv : Finishers. 33s. fid. and Is. fid. pe.r 
gross for overwoik ; blowers, 30s. fid. and Is. 2d. 
per gross for overwork ; gatherers, 24s. fid. and 
lOd. per gross for overwork. Work is for 50 
and .51 hours per week. In the North of^ England 
conditions are somcAvliat similar. Lads begin 
apprenticeship at from 14 to Ifi years of ago and 
fin'sh at 21. Average wages are : finishers, 55 b. ; 
blowers, 47s. 6d., and gatherers, 40s. Apprcniice.H 
during their last stage.s earn 21s. per week. The 
week’s AVork consists of five or six 10-hour shifts. 
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IMDUSTRiAL OAIIBBM 

Flint-glass Makers. A boy begins in 
the glass works at the age of 14, and works 
about two years l)cfore becoming a properly recog- 
nised apprentice. He usually serves until 21 
yeai-s old in most parts of England, but in some 
departments of the trade must serve seven years 
after beginning apprenticeship. In London, the 
lad is not apprenticed at all, but works as a 
boy assistant, until skill and a vacancy gives 
him the opportunity of taking position as a 
workman. In the provinces he begins at the 
standard wage of 5s. or Os. a w^eek, rising Is. per 
week annually for 33 liours’ woi k or 1 1 “ moves,” 
as they are called. Overtime is paid pro raUi. The 
usual practice is to work 1 3 or 14 moves per wt^k, 
which gives a Avage of Ss. foi 1 4 inov(‘s, on a basis 
of Os. standard. ( )nc apprentict^ is usually allowed 
for eveiy two “ chairs.” A chair usually consists 
of three.mcn and a boy or boys, the apprentice 
taking the place of one of the men. Kacli chair is 
made up of three distinct workriuai — ix worlcnum^ a 
servitor y and a foot maker. All are skilled worknum, 
except when an apprentice takes the place of one 
of the workmen. The earnings of the three classes 
vary according to the class of work to winch they 
arc accustomed. The t^hairs an* di v ided into first, 
second, and tliird class. For instance, a chair 
making best light wine-glasses, commonly known 
as “ straw' stems,” I'cceivcs a bctt(‘r standard 
wage than a chair making ordinaiy wines and 
goblets; and one making all kinds of cutting 
work earns more than another making small 
t‘]cctri(! shades and chimneys. The standard 
provincial Avngcs for a w'cek of 11 moves for the 
various ('lasses are as follow' : Workmen, 30s. 
to 40s. ; servitoi’s. 24s. to 2<Ss. Od. ; footnuikcrs, 
19s. to 21s. In London, w^jigcs are considtu’ably 
higher, piecew'ork being general. All work 
except new patterns and matchings is piece- 
work, and w'ork declared unlit after making 
causes the W'hole chair to sulfer in wages. If the 
articles are cracked or melted in the bar while 
Ix'ing annealed, the usual caistom is to pay half 
rates. 

Work is continuous, and is carried on by 
six-hour shifts, each man usually working six, 
seven, or eight .shifts per week, as the nature of 
the work and the condition of trade permit. 
Overtime is paid pro rata, upon the standard 
basis for 11 moves per w wk. 

Glass Bevel lers and Silverers. 
Apprenticeship usual in the several branches. 
Shape workers — bev(‘llers who follow curves 
and fancy patterns — receive lOd. to Is. or 
even more per hour, and average 42 h. to 45s, 
per Aveek throughout the year. Straight 
workers^ avIiosc Avork lies only in straight lines, 
arc paid by piece and aA^erage about 36s. per 
Aveek. Cufter.'i t^arn about 40s. or 42s. per Aveek, 
and siders Avho clean mirror plates in prepara- 
tion for silvering recei\'c about 30s. Silverers 
make 30s. to 40s. a week, according to skill. 
Usual hours of working for nil classes are 
54 per week. 

Pottery Workers. In a pottery there 
are several different kinds of workpeople. 
The thrower — that is, the man who moulds 
the dip'll Avith bis hands as it revolves on the 
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potter’s wheel— ris the most important man, and 
may be termed the “ potter.” The others are 
the men who prepare the clay, those who make 
dishes into moulds, and those who fire them 
in the kilns. Tb© throwers alone have appren- 
tices, w'ho serve usually for seven, but 8<>metimo8 
for five years, and the common hours are from 
6 a.m. to 6 p.m. Wages lx>gin about 4s. per week, 
but the lad soon gets piecework, for which ho is 
usually ])aid half a journeyman's Avage. For 
the last three years he gets two-thirds. The 
apprentices are frequently limited to one for 
every five journeymen. A journeyman may earn 
from 40s. to 50s. per Avcck on full time, but the 
average is about. 30s. For high-class Avork, 
much mor4‘ money may bo made and many 
operatives earn double the amount stated. 
Sixty hours ])er Avee'k is the time, but piece- 
Avorkers are not. tied down to these hours. 
Overtime is usually at the same rate as ordinary 
time. 

There are a large number r)f AAomcn workers 
in potte'ri(\s, m().ytly helpc^rs, who finish theAV(3rk 
of the men. Such AA'omcn arc paid 128. to 158. 
per week. Some* Avomcn Avork light machines 
and earn from 20s. to 25s. per Avcck. 

Earthenware Decorators. Jn Stafi\ml- 
fjhire a seven years' apprenticeship is essential. 
Wages an' 2s. and 4s. respectively during first 
and st'cond y(*ars. During third and fourth years 
pay is half ordinary pU'ccwork rates ; in fifth and 
sixth years, two-tliirds, and in se\'enth year five- 
sixths of piecework rates. Thus, the appn'iiticc 
usually receives about 7s. 6d. a w(.iek during 
third year, aiul rises to 25s. a week in seventh 
year. The Avliok' of th(‘ trade is practically on 
pU'ccAvork, and for common commercial goods 
the Avorkman earns betAveen 258, and 36s. a weiik. 
Specialists Avho by ability and application rise 
to the dignity of artists in their craft earn £2 
to £6 a AA'oek. About 10 per cent, of the work- 
men are specialists earning these Hp(X‘ial prices. 
Overlookers arc [laid aliout 40s. a week. 
The hours are from 45 to 50 per AA'eek, and 
oA'ertime is remunerated at the same rate as 
ordinary time. 

PAPER AND PRINTING TRADES 

Paper Makers. No a pprentici^ship general, 
except ill the manufacture of handmade paper. 
In the Lancashire paper mills the folloAving arc 
recognised as tlic average wag<*.s of workmen 
AA'ho w'ork ()0 liours a wetjk : Machinenien, 
£2 5s. ; assistant macrhincmon, £1 Is. ; beater- 
men. £2 4s. ; jiicker boys, 128. 6d. ; potchermen, 
£l 4a. ; fillors-in, or beaters, £1 : pressplatemen, 
£1 ; boiU'rhousemen, £1 2a. ; roastermen, 

£1 ,3a. ; firemen, £l 7s. 6d. ; steam cnginenien, 
£1 88. ; cullendermcn, £1 2s. ; cuttermen, £1 5s. ; 
cutter boys, lom reelermen, £1 5s. : rag sorters, 
138. ; oA’orhaulcrs, 178. 6d. ; finisherfl, £l Ss. ; 
general labourers, lOs. fid. ; bleach-housemen, 
218. In other districts, Avages are from 2s. 6d. 
to 15s. per A^eek loss. In some mills work is 
divided between two twelve-hour shifts, but in 
Sheffield three eight -hour shifts ar^ptho rule. 
Overtime sometimes paid -on the regular rates 
and sometimes up to 50 per cent, extra. 



' PapfMniatainers. Apprenticeship, formerly, 
common^' ' is now infrequent. Boys help the. 
workmen and receive Ss. to 7s. a Aveek. If 
tliey show aptitude they may be taken on as. 
workmen after the age of Ki. Payment of 
tlio workman is by piece and amounts to, 
40s. to 48s. a week, from wluob tlic pay of 
the boy helper has to be deducted. ^lachiiie 
workers are paid by time, earning llOs. to 40.s. 
a week and occasionally more. La bourn s are 
paid about 25s. a week. 

Engravers and Process Workers. 
A ppnmt ices serve five to seven years, boginning 
at 14 years of age upAvards. Time spent in 
iiieal schools reekom'd a.s appi’eni icc'sliip. ()<*ca- 
sionally ])rcmiiims are i-equired. but u.suallA^ 
wipjmml ices begin at 4s. })t*r Aveek and rise to 12s. 
Litho artists in London rec<Mve about ."iOs. pta- 
week, .and in th(‘ provinces alnmt 4.5s. .Many 
(•ompet<*nt eliromo artists aic paid t^.'L Lt, and 
twen £5 per W('ek. (_‘oin])etent (‘tellers i‘(H*eiv<‘ 
.50s, in th(‘ jaovincc's and (ids. in London. 
Hours of Avork for all classi's usually 4(».i per 
week. Overt iin(‘ up to 9 p.in. on ordinary 
day.s and 4 p.m. on Sa,turdays is jiaid at time 
and a (|uarter rates, and at double time .aft«‘r 
tb(‘se hours and on holidays. - 

Electrotypers and Stereotypers. In 
l.,ondon and other large ceiitre.s the usual 
apprenti(’e.sbipi.s seven y<*ar.s, bi'ginning at (Is. and 
rising by sAicc(*ssive stages of 7s., 8s., lOs., 1 2s., 
and ]Ss. per week to 2ts. jier Ave(‘k during the 
last year. The minimum London wage for a 
skilled Avorkmcn is 40s. ])rv Avci‘k. Kveiiing new.s- 
paper%"ork is jiaid at tlu^ rate of 47s. pm- week, 
and morning newspaper Avork 5^s. JAir ovt*!*- 
tiino th(‘, first four hours arc pa/icl at one and a 
<iuarter rates, and aflerward.s om^ and a. half 
rale is alloAved. 

Compositors. A))j)renticesliip general ; 
h'ngtb, seven y(*ar.'i. Hegintiiug Avage varies, 
usually 48. to os., rising 2s. per w(*ek p(*r ymir. 
London (compositors usually earn .‘19s. for .521 
hours’ work. OAa'rtiiiie paid .‘3.Jd. per hour extra 
for first three bour.s, 4d. per hour extra for lU’Xt 
two hour.8, and od. per hour afterward.-. 

Printers’ readers are usually pronu^ted from 
the composing-room, and AVork the same number 
of hours. Their remuiua’ution is from 42s. per 
AA^eek upward.s. 

Linotype and monotype machine oiAeratois 
are also taken from the com posing -room, Tiu' 
hours are shorter, only 48 tier week, and wagt‘s 
begin at *t58. in Lemdon. l^ieecAvork is Ihci lule 
on newspaper work. Loudon standard pieee- 
Avork rates are 3d. per 1,0(K) ens, and .‘)Jd, per 
1,00(1 ens for type larger than hiwi{?r. News- 
paper AA'ork is more highly remunerated, tlu? 
rates being 3 Jd. per 1 ,000 ens for evening ])ape|s, 
3.Jd. per 1,000 ens for morning papers, and 
]d. per 1,000 ens additional in each case for all 
types above brevier, (rood num c>in easily 
earn £3 to £4 per week, and operators of excep- 
tional speed a good deal more. 

Machine Printers. The relation of 
apprentice^to journeymen is u.sually regulated 
by a sliding scale. In ^ small shop the pro- 
portion may , be one to three, but in a large 
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shop where over 30 journe3nnen are working, 
one to three is thti rule. Apprentices are Aiaiially 
over 20 years of age before they begin, and are 
generally youths Avho have helped the printers, 
doing backtenting work. Apprentices serA ^0 8(?\ on 
years, earn Ifis. to 20s. per Aveek during the iirst 
y(‘ar, and list* to about 2Ks. fid. in the last year. 
The ANJige of a joiirneyinaii varies according 
to tlie machine in his charge. Teiuh'rs of 
0-eolour nmehiiU'S n ecive 44s. to tos. per week, 
of 8-c()loiir machines Ids. tf» 48s. per Avock, uf 
10 and l2-col()ur machines ,50s. p(‘r week, and 
of 10 - 'olour maehiiies .52s. (>d. ])er week. The 
Aveek is one of :50 hours’ work. Overtime is 
not allowed beyond oiu* hour per day, ami 
that hour must he paid al time and a half ra((\ 

Plate Printers. Af)pivnti<:eslii]) usually 
lasts s(‘ven y(‘ars, Ix'giiiuing at Os. a w(‘(‘k with a 
2s. ])er week incrensj* ('aeh y('ar. Occasionally 
more is ])aid. especially Avlu‘n the lad is put (Ui 
pit'cework. wIkmi he may enin as much as 25s. 
during the latter part of his u])preutieeship ; 
DO per cent, of tlu* workuK'U an' on pie(’(’- 
W(Ark, and the average earnings are about 42.s. 
Men of except ioual skill may tarn more, say 
£.‘3 or ov('r. Hours are from D a.m, to 7 p.m. 
No (‘xtra remum'rat ion for overtime, l)Ut night 
work is paid Is. to 2s, tkl. ])er night above 
ordinary pieeeAvork rales. 

Bookbinders* and Machine Rulers. 
A]>pr<'ntie('Mhip general, usually by indenture ; 
usual periotl se\en ycairs. \A5ig('s lu'gin at 5s. per 
Aveek, rising to 12s. or sonu'tlnu's I Os. per week 
during last yt'ar. rnindt'utured u]»])renticeM 
fre(juently ehangt* employment h(‘fon' time is up, 
and (‘arn as much as 20s. as improvers. Work- 
men’s union favours indimtured apprenticeshi]). 
Journeymen's wagt's are lugh(*r in tlu' hirgt* 
(•(‘lit res than tlay art* in smaller ttovris, and tlio 
standard minimum varit's from .‘3.5s. ])(‘r wtaje of 
48 hours to ,‘30s. }H*r week of 54 hours. 

Lithographers. Ajiprentieeship usual. 
Duration, six to st'ven yt'ais lu'ginning at 5s. per 
Aveek. and rising to lOs. or 15s. Workimai earn 
34.S. to oOs., hours being 48 to 54 per wt'ck. 

BooKhinders. AppRuitiei'ship fairly 

geni'ral, espt'cially in tin* best l(*athei‘ and inis- 
.•ell'UK-'Ous hind(*ri('s ; duration, sevtai years. 
Wages, 'is. jK‘r week, rising to 15s. oi* 20s. Tn 
Loiuhin tlu're is a specific minimum Avage ratt*. 
KorwardtTs ree»‘i\a* 35s. for 48 hours. Kmisht'rs 
’•eeeive the minimum of .‘3t>s. for 48 hours. Piece- 
Avorkers of average skill make at least Is. ]M*r 
hour. Ovt'i-time. 25 per cent, extra after 52-5 
hours, or after 10 hours in any one day in all 
<lepartments. These nih'S do not apply to 
vellum hinders, avIka are paid special rales. 

MISCELLANEOUS TRADES 

BaKers and Confectioners. Wages 
and conditions vary much in different districts. 
In larg(* fa(D.orie.s in London, adult hands 
r<‘ceive 30s. per week, and all time beyond 10 
hours in any om^ day is paid for at 50 per cent, 
above ordinary rate. London shop Jiands are 
divided into four grades, and are paid os follow : 
Forehands, 308. per week ; Scotch fore or single 
haiids, 338. per week; second hands, 30s. per 
" ' 2055 
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week ; all other adult hands, 27s. per week. 
Young men between 18 and 21 years of age, who 
are not engaged in moulding and dough making, 
but are Occui)ie(l partly in the bakehouse and 
partly as barrow men receive 228. per week or 
more. Jobber forehands receive Os. (kl. per 
day for 10 hours’ work, and other jobbers Cm. Od. 
per day, overtime being paid at time and a 
half rates, and Sunday labour is paid double. 
Hours worked arc 00 per week. Tii pro- 
vincial towns, where the operatives i)akers are 
as.sociatod, the conditions approximate to 
those in London, but in smaller towns the 
position of the workman baker is not so 
satisfa(;tory. 

In Ireland the Ihikers Union insists on a 
five years’ apprenticeship, but in some small 
towns only three or four years are siTvcfl. In 
the cities the pro])orti()n of apprentices is 
restricted. Tn Belfast, for instance, it is one to 
four men. Usual apprenticeship wag(‘S, r>s. to 7s. 
a week during first y 'ar, rising annually Is. per 
week. Wages of workmen vaiy from 22s. a 
week in a few countiy districts to .‘Us. in Belfast, 
Dublin, and Limerick. Hours average* 54 per 
week, but arc .52 in some larger centre's. Over- 
time is discouraged, but is fre'fpie'iitly paid hd. 
per Jiour. In Belfast and Dublin night work 
is eemimon, but elsewhere day work is the rule*. 

In Scotland the bakei s in and around Olasgow 
arc the most highly remimcrated, the minimum 
wei'kly wage b(‘ing usually 3<ls. In Edinburgh 
it is 28s, ; in Aberdeen, 30 b. ; in Dundee, 3 is. 
In small towns such as Brechin, Forfar, and 
Inverurie it is only 21 s. Hours of we irking 
vary from 51 to 57 jier week. Apprentices 
serve five* years and must not be less than lf> 
years old when they begin. 

BasKet-maKers. Apprentice^ship is still 
the rule in the chief et'ntres when the work 
is done in factories, but many of the chief 
baskets are^ made by “sweafe'd industry,” 
when tile wages of the workjK'opIo nrc bare/y 
suflieient to sustain exi.steiiee. Ap]irentiees 
to basket-making are jierliaps usually tim 
sons of basket-maker.s, and there is nothing 
approaching uniformity in apprenticeship 
wages. Work is paid hy jiieee, .and the scale 
is regulated by the trade societies in the large 
centres. The most skilh^d workers may make 
as mneh as 50.s. a week when busy, but the 
average for good men is between 3()s. and 
35s., Avhih^ those on common work earn about 
5s. less. Hours are nominally about 55 per week. 

Bamboo and cane work is ehietly done 
foreigners in London who work hard for very 
little money, a male adult worker averaging 
perhaps only from 1 5s. to 20s. per wook of 00 to 
70 hours. There are a few places wher<^ better 
conditions prevail, but these are limited and 
contined to high-class work. 

Chemical Trades. In most of the 
manufacturing chemical trades apprenticeship 
is unknown. Tin* i*xpert.s are scientists w4io 
are paid in aecordniice with ability, and aro 
professional men. The workmen are Buper- 
vised by fcAj^en who receive 40s. to 50s. per 
week. Tlv®^'orkmen are merely labourers 
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divided into chemical labourers and yard 
labourers. Leading hands in the former class 
are paid 6d. or 7d. per hour, making 27s. to 
32s. per w'eek of 54 hours, and ordinary hands, 
20s. to 27s. per week. Yard labourers receive 
a little Itjss. Overtime is frequent in some 
w'orks and i.s remunerated at one and a quarter 
ordin.*iry rate. 

White-lead w orkers, wliose work is unhealthy, 
usually reeeivt* 7s. Od. per day, but aro not 
alhiwed to uork more than three days in one 
week. Other men in white-lead works usually 
earn 19s. to 22s. per w'cek of 50 to 59 hours. 

Ill soap, candle, and glue works payment is 
sometini(*s by jiiece and sometimes by lime. 
Unskilled men earn from 20s. to 25s. ; first- 
class labourers and workers of medium ability 
up to 40s. a week ; and forem'en and men of 
.s]«*cial skill over 40s. Women and boys are 
also empl()y<‘d. the former earning 9s. to 15s. 
and the lat1(*r from (is. to 15s. 

Piano Makers. The trade is becoming 
less skilled than formerly on account of the 
subdivision of labour, and there are no appren- 
tices proper. Boys who wish to learn the trade 
Ihoroiiglily should enter the employment of 
onc'oflhc* smalh'ii^ makers. The average earn- 
ings for the differ(*nt ivorkmen are as follow^: 

Back makers, by piece, earning 40s. to 45s. 
in tinu* of jiressnn*, but only 25s. to .30s. in 
slackness. Bellyers and markers off, lOd. to 
lid. p<‘r hour. Stringers (usually boys), 
(id. per hour. Fitters up, 8d. to Is. per hour, 
av(*rag(* about. 9d. to lOd. Finishers and 
regulators, the most skilled of the workmen, 
40s. to (iOs. pet week. 

Indiarubber Workers. Apprenticeship 
not the rule. Youths taken on for two and 
tbret* years at wages according to age. In 
English works w'orkmen earn 3ns. to 388. ]»er 
Aveek for 48 to 51) liours. Sonu'times overtime 
i.s paid at time and a quarter rnies. 

Electric cable makers arc poorly paid. The 
Avork is not skilled, as maeliiiierv, largely 
automatic, is employed exteiisiA^Jy. The 
men earn only from 4Jd. to Cd. per hour on 
day Avork Avitli the average about 5jd. In a 
fcAv processes pieceAvork is practised and the 
earning.^ in sneh a case may rise to 33s. or 34s. 
per Aveek. The hours worki'd are usually about 
(iO per AA'cek. 

Electrical Workers. There aro many 
classes of Avorkmen in the electrical en- 
giiu'ering trades. To lay and repair the 
seiAdce mains there are service layers, brick- 
layers, and labourers, Avho earn 8d., OJd,, and 
Od. per hour respectively. Wiiemon and 
joiiiter.s earn from 7.i,d. to 9Jd. per hour.., 
Ap))rentiee.s do not learn the trade ; labourers 
or boy helpers develop the ability and become 
AA'iremen. In electrical engineering Avorks boys 
usually servo four to six years, beginning at 5s. 
per w’eck, and usually rising 28. annually. Men’s 
wages are from 8Jd. to lOd. per hour. Overtime, 
one and a quarter rates for first tw'O hours, and 
one and a half rates for longer. Sundays and 
bank holidays, double rates. Week has 54 
AA'orking hours. 
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^OMPARED witii the knowlo<Jgc we have of 
^ the art of the ancient Ej^ptians, our recon- 
struction of the art of the early Asiatic Empires, 
of Babylonia and Assyria, is comparatively frag- 
menlar)% based, as it is, mainly on the results of 
Layard's and Botta’s excavations. The monu- 
mental works of the peoples settled on the banks 
of the Euphrates and Tigris were, not as durable as 
those of the Nile valley, owing to the dostrne- 
tibility of the building material, whicli consisted 
mainly of sun-dried bri(;ks clad with coloured 
and glazed tiles and alabaster slabs, tlecoratcd 
with relief carvings t)ri whicli we havt' to rely 
for our knowledge of these civilisations. 

Babylon. /\ few shapeless sandhills are all 
that is left of the mighty city of Babylon, but wc 
know from anci(‘ut records the colossal extent of 
the strong w^alls by which the city was encircled. 
Wo know tliat the pyramidal i\un]>le of Baal 
w'as built in ('ight terraces on a basis of about. 
800 ft., and that the famous “ Hanging Gardens” 
of Semiramis were laid out in similar fashion on 
pyrami<lal terraces [17]. Some Chaldean has- 
rcliefs and statues of extraordinarily skilled work- 
jnanship tliat. were unearthed about thirty years 
ago by At. de Sarzee at Tcllo, the site of a Royal 
jialace, date from about .‘1000-2000 B.c. 

The ^rlicat remains of ('haldean art prove 
concludlSely the striking difference between 
the P.haklean and Egyptian art ideal. Tn Egypt 
we have found a striving for monumental 
repose, and a Himplilication of form which often 
resulted in smooth surfaces without even a 
suggestion of bones and muscles. "J’he t urban - 
covered head of Tello, now in thc^ I.,ouvre, ami 
the diorito statues from the same site, notably 
the one known as “The Architect of Tello ” [19], 


has the muscles and hones mot!(‘lletl with rare 
knowledge of anatomy. This so called “Archi- 
tect of Tello” repiM'sents actually Gudea. King 
or (Governor of Shirpurla. 

Assyrian Art. 'Phe chief aim of tlicse 
sculptors was the expression of physical strength 
and |)ow'(‘r .and muscular (‘xortion. And tlu^ 
later Assyrian reliefs from the pahiee at Nineveh* 
of about HCKl-hOO u.t'., show' the same character- 
istics, the same cult of strength ami keenohserv'a- 
t ion of men and animals in act ion, the motifs being 
found in scenes of the chase and of w'ar [21-3]. 
It was an entiri'ly worldly, realistic art, as op- 




17. DETAIIiJ OF ASSYRIAN ARCHITECTURE 

are marked by that sharp characterisation 
and pronounced realism which is the most 
striking feature of all Chaldean and Assyrian 
plastic art. There is more expression in this 
head of Tello than in all Egyptian sculpture, 
and the sturdy, thick-set figure of the architect 
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po.sed to that of the Egyptians, whose chisels 
were drvoted to the cult of the dead, of the gods, 
and of tin* god like kings. 7’hese Assyrian 
reliefs are far Je.s.s naive in the treatment of 
the human form than those of Egypt, whcn% 
it will be remembered, the torso is always shown 
turm‘d to the spectator, whilst lu^ad 
and feet, aie in profile. The attitudes 
are perfectly natural and not for(‘cd 
into a rigid convention. 

As regards the representation of 
animals, the Assyrians reached a 
perfection of realistic statement that 
has rarely been equalled, and never 
surpassed, in the entinj history of art. 
One need only instiinee the world - 
famed dying lion at the British 
Museum [21]^ The. suggestion of th(» 
roundness of form and of muscular 
development is the more astounding, 
•as the relief is exceedingly shallow and 
very little raised above the surface of 
the background, and yet the modelling is sug- 
gested with extraordinary subtlety and truth. 

Assyrian Sculpture. The sculpture of 
the Assyrians was almost entirely in the service 
of their architecture. Only very few frec-stand- 
fag statues have Ixien found on the ancient 
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sites, but we know that the interiors and part 
of the exteriors of tjie temples and palaces were en- 
tirely covered with reliefs [ 24 ]. The most curious 
invention of the Assyrian genius was based on an 
idivi similar to that of the l^gyptian Hphiiix,.and 
took the sliape of a winged Inill with a bearded 
man’s head. -Carved in high relief, these figures 
flanked the entranee ; gates of the 
palaces, and were so disposed that a 
fjrofiJo view of the inythie creature was 
gained from tin? front of the building, 
and a fulbfaoe view from within the 
portal. To obtain this end the mau- 
hwist was t)rovided with five l(‘gs, of 
Avhieh four only could 1)C seen in th<‘ 
f)rotile, and t w o in the full-face view. 

*t he Assyrian is due the coneej)- 
tion of the winged angel, which 
lias been handetl down tlirougii 
the ages to play so important 
a part in Christian art, though 
the “ Kherubim ” of that war- 
like race were grim creatures, 
bearcknl, and of a distinctly 
Semitic type. 

Construction of 
Assyrian Temples. In 

architecture tlu^ Assyrians must 
be given credit for the inven- 
tion of the vault and cupola, 
which were extensively used in 
the building of their palaces 
and tt'iiiples ; but the palaces, 
at least, show neither sym- 
metry nor any proper aivhi- 
leetural articulation, ()n a 
brick terrace with a stone 
parapet the rooms and halls 
were built in a liapliazard way 
around an open court, as 
though the long, (•orridor-like 
ajiartmenls had been added one by one, as 
occasion arose, without any preconceived 
scheme. The wall decoration consisted partly of 
alabaster reliefs, 
partly of glazed 
and enainolled 
bricks in brilliant 
colours. Similarly, 
the floors were 
laid out in 
coloured bricks in 
purely ornainon- 
tal designs of 
great variety and 
beauty, the motifs 
being generally 
suggested by 
plant forms [ 20 ], 

There can belittle 
doubt- that many 
of the typical 
Greek ornamental 
devices were 
based on tl)e,^e 
Kasterii proto- 
types, just as 
GreeJe stmiplure 
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in its early stages appears to have much in 
common with Assyrian—cortainly more than 
with Egyptian sculpture. 

Peculiarity of Assyrian Columns. 

The buildings rose terrace-like in several storeys, 
ea(5h storey being crowmed l)y a little gallery 
with short columns, which provided the interior 
wdth light and air. Probably light 
was also allowed to enter through 
openings in the vaults or cupolas. The 
walls were dividcnl by pilasters at regu- 
lar intervals and crowmed by a parapet 
[17 and 1 8] . The use of columns played 
a very subordinate part in Assyrian 
architecture — pi'obably owing to the 
lack of suitable stone — and pillared 
halls, such as those of the 
great Egyptian temples, were 
probably quite unknown. 
Where columns occur, they 
arc generally of moderate 
luiiglit and (;arry a curious 
form of capital, consisting of 
two pairs of volut(?s placed 
om? on the top of the other [ 17 ]. 
Sometimes those short columns 
i(‘st on the hacks of walking 
lions, a device frequently re- 
sorted to at a later period by 
the Italian sculptors of the 
thirteenth and fourteenth 
centuries. See, for example, 
Niccola Pisano’s pulpit in Pisa. 

Temple at Khorsabad. 

Of the enormous extent of 
some of these palace buildings, 
the excavations at Khorsa- 
bad may give some idea. The 
brick terrace on which the 
palace was raised has been calcu- 
lated to have occupied about 
40,000,000 cubic feet. About 210 apartments, 
many of which were decorated with wall paint- 
ings, were arranged around thirty courts. The 

temple pyramid 
by the side of the 
palac(3 had seven 
steps, four of 
which — each 
20 feet liigh — are 
still extant. Each 
of • the seven 
storeys was , re- 
splendent ip a 
tiifferent' cdlour, 
symbolic of ; one 
of the seven 
planets. The 
porches had roqnd 
arches built ; of 
speciall^r fonsled, 
wedge -sbApd'd 
enamelled .byicte. 

Wp ’have ho 
record of the 
pictorial , art of 
Chaldea, and 
Assyria. All ;w®e 
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know is that bright (?olour played an 
important part in their architecture and 
sculpture, and that even their reliefs 
show unmistakable traces of having 
originally been painted. In the use of 
precious metals and of bronzes tlui 
Assyrians attained considerable skill, 
though they did not rival the sump- 
tuous splendour of the Persians under 
the Achflcmenides, who used gold and 
silver lavishly for architectural purposes. 

Early Persian Art. The art of 
ancient Persia was of a distinctly eeleetic 
type, and never reached any degree of 
indepimdence. The love of splendid, 
dazzling display of the powerful dynasty 
that ruled over Pei*sia after the fall of 
the Assyrian Em- 
pire, in the middle 
of the sixth century 
U.C., was graftt^d on 
to the artistic tradi- 
tions of Assyria, of 
the Ionian Greeks 
in Asia Minor, and, 
to a l(*sser exttmt, 
even of Egypt. 

Tims the terraced 
pyramids of the 
temples, the wingtxl 
hulls, the treatmiait 
of the relief decora- 
tions show the 
Assyrian influence ; 
the slender, grooved 
<*olumns, the use of 
marble as building 
material, the intro- 
duction of the tri- 
angular pediment 
as architectural 
motif, are certainly 
duo to Fonian in- 
fluence; whilst the 
cornice above the 
door of the Royal 
tombs near Mer- 
daseht is distinctly 
F.gyptian in type. 

The only form 
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thwcloped by the 
F^!rsians thomselve.s 
is the. thoroughly 
characteristic ami 
general ly rather 
over - flecoratcd 
capital, consisting 
Hom(^tiiu(‘s of a pair 
of bulls or unicorns 
back to back ; or, 
again, of two IIowim* 
cups -on(‘ upriglit, 
tbi‘ other and 
lower one turned 
downwards — u])on 
which rest sonu* 
pairs of volutes, 
rather like those of 
the Assyrian c.a])i- 
tals, hut. placed 
upright insUuid of 
horizontally. Other 
columns. again, 
liave the flovv<u*' 
cups, the volutcsi 
and tlie unicorns, 
an accumulation of 
decorative ideas 
wliich entirely de* 
str«)ys the pro])or- 
lions of the capital 
to the eolumu. 
The interiors were 



A DYING UONESS 
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decorated witli rich carpets, glazed tiles, 
and profuse (uuployment of gold and 
silver. In some apartments the ceilings 
were, like the roofs, covered with plaques 
of gold and silver. 

Persian Relief Sculpture. Th<* 
relief sculpture has something of tin* 
hierareliic^ dignity of Egyptian, and 
something of the r^^al^sm of Assyrian 
arl. The subject matter, tliough still 
almost exclusivtdy confined to the glori- 
fleaiion of the King’s power and dignity, 
is more general and less individual in 
character than the Assyrian chronicles 
of history carved in alabaster. The scenes 
njpresented iFeal with the ceremonial 
life at Court, not with individual acts 
of prowess and heroism. 8fatuc.squ<i 
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dignity takes the place of well accentuated action, 
and herein may again be found the influence of 
early Greek sculpture. Drawing their inspiration 
from many foriugn sources, the ancient Persians 
were unable to develop a really national style in 
art, and exercised little or no influence on the 
art of other races. 

If our knowledge of the art of 
the Phtenicians, and, to a (iertain 
extent, of the anci<mt Hebrews, 
is exceedingly limited, it is pro- 
bably due to the fact that 
neither of these two races over 
arrived at a marked national 
style, like the races of tlie Nile 
Valley and of Central Asia. 

Phamicians are known to liavci 
been skilled craftsmen in many 
branches of applied art, but they 
eonlined themst*lves to the mo- 
chanical repetition of import (^d 
ideas. Their sculpture and arolii- 
leeture nevra* ros(^ above piimi- 
tivc crudeness. In the history of 
art tliey must, however, be given a 
ccj'tain position, because through 
tlieir enterpri.se in trade and 
navigation tlu‘y formed a link 
between the East and West, and 
helped to spread the civilisation 
of Central Asia in Europe. 

The Art of the Ancient 
Jews. The art of the ancient 
Jews has left even fewer trace.s 
than that of Phaaiicia, and can 
only be judged from descriptions 
in the Old Testament. The 
severe Mosaic law, which for- 
bade the representation of the 
divine, one of the most 
powerful siimulants to 
artistic a<'tivity, held 
the Hebrew artists and 
eraftsmen within strict 
confines. Their carved 
W'inged Khonibiin and 
some of their arclii- 
l-cctural motifs can be 
traced back to Assyrian 
sources ; the disposition 
of the Temple at Jeru- 
siilem is similar to the 
Egyptian scheme ; the 
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free staridinff niouuiiieiit from Assyria, wliieh «li«l not 
supply the necessary materials) 


profuse use of gold U*’roni the British Musemn. Oiieof the few known examples 
suggests Persian in- 
liucncc ; w'hilst the so- 

called tombs of the Kings are distinctly Greek 
in character. ^ 

Modern researcli thrown an entirely new 
light on the art of Eastern Asia, the supposed 
great antiquity of’Si'liich ia now believed to be 


qu< 

points out that India had no art whatever before 
the period of Alexander the Groat, and that 
China “ first began to produce masterpieces dur- 
ing the Mediieval Ages in Europe. The most 
ancient Chinese sculptures of ascertained date 
were executed about the year 130 
of our era.” 

Chinese Art. Whether the 
birth of Chinese art is of so recent a 
dale, or goes back to a mote distant 
past, is quite immaterial as far 
as the sequenc e of artistic develop- 
ment is conoemod, sinc^e the strict 
political seclusion of the, Celestial 
Empire has prevented the art of 
that eoiintiy from spreading abroad 
and influencing, for good or for evil, 
the art of the West. Moreover, the 
art ideal of the East is so (essentially 
different, frcmi that of the West that 
it can only be understood by the 
student who devotes himself entirely 
to its unravcelling — and even then 
such undcMstanding will be incom- 
plctce. Far greater has been the 
influence of tlie artists and marvel- 
loiLs craftsmen of Jap.an, which has 
)ji‘rnieatt>d many phasi^s of European 
art ; hut this influence has been of 
such recent occurrence that it will 
have to be dealt with later in connec- 
tion wit h modern artistic tendencies. 
Speaking of the art of the Far 
East in general, w'(‘ arc apt to under- 
rate the spiritual significance, the 
symbolism, and the poctiy that 
underlie what we arc accustomed 
to con.sid(,‘r a more d(H;orative con- 
vention of skilled crafts- 
mvu. But the student 
of Eastern ideals knows 
that almost (iveiy motif 
introduced in the 
de(;oration of a Chinese 
porcelain vase, or of a 
Jax)ano8e sword-guard, is 
fraught with meaning 
and suggestion. It is 
scarcely too much to 
say that the cultured 
(^liinese and Japanet^ 
hx)ks upon the mani- 
festations of modera 
European art with a. 
feeling akin to contempt. 
They cannot conceive w'hy art should choose 
for its subject the representation of obvious 
facts and palti’y details, since it ma^ find a 
much nobler held in 
soul of things. 


I in the expi'ession of the inner 
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A NATION’S hocalth is a nation’s wealth, and, 
^ what is quite as important to the individual, 
your health is i/ovr wealth- or a very consider- 
able part of it. 

Yet, in spite of its importan(;c. there are few 
things that so defy exact definition. What is 
liealth ? What is your health, and how does it 
differ from mine ? There is no doubt whateviu* 
what it depends on ; and that is .sucress/ul resifif- 
anca to injury. And there is no doubt that 
this successful resistance itself depends upon 
two factors —the strength of the attacking and 
of the defending forces. But when all this is 
said, we are as far as ever from undor.standing 
what health really is. 

The Right View of Health. Ilrnlf/i. 
koHnefiS. and wholeness arc words from the same 
root, whi(!h serve to emphasise the point of view 
from whicli this s<.‘ction is written. Our outlook 
is an essentially broad and comprehensive on«‘ ; 
treating hoallh and ill-health in relation to the 
entire man as man, and not, as is constantly the 
case in so many health 
manuals, in relation to 
his ))ody alone. To say 
that a man is in perfect 
health who has a dis- 
torted mind or a dis- 
tracted soul is absurd ; 
for illness is to tire 
body as sin is to the 
spirit. Therefore dis- 
ease may be called sin 
of the body, and error 
or sin sickness of the 
soul. The man under 
either of these in- 
fluences can bo neither in a state of health 
nor wholeness. 

No book, perhaps, has put this more clearly 
in modern days than the (lifTard J^Mdures by 
Professor James, of Harvard Ihiiversity. llic 
professor asserts that the health of the man 
con-sists essentially in the harmony of body, soul, 
and spirit, in their relations with one another 
and with their environment. Herbert Spencer, 
again, gives us the same thought when he says 
that health is perfect correspondences with our 
environment; ill-health is imperfect corn^spon- 
dence, while death is the result of the failure of 
all correspondence. Health, then, is wholeness 
of life. 

Health itself is a word intelligible to everyone, 
but it does not mean the same thing to any two 
people. There arf^ no two “ healths ” absolutely 
alike,, any more than there arc any two fares 
alike. Health, moreover, is no arbitrary standard 
of well-being ; it is entirely a relative term and 
not a fixed abstraction. A cottage piano may be 


in perfect tune — f.e., in licaltli — but it is not a 
grand piano, nor evi^r will be ; and it is fur 
wuint of seeing Ibis, and recognising our personal 
limitations, that our healths are often destroyed 
and our livc.s frittered away in attempting tlu^ 
impossible and trying to make the health 
standard of a “cottage*' that of a “ grand." 

Health is Ease. One great and little 
understood sign of heallli is physical un- 
consciousness. A sentence which appears most 
exj)ressive of p(‘rf(‘et health is “ Wh(‘tlu*r in 
the body or out of the body, 1. eamiot tell. ’ 
That is to say, that in perfect health every 
bodily function is performed with such entire 
ease t hat I he man is uneonseiotLS of it ; just 
as wo might imagint^ a six -cylinder motor-ear 
so perfect that it dies along without the slightest 
movement or vibration of the engines Ixung 
fell by tlie ])ass(uigers. 

Much, however, that do(*s not attain to this 
jK'rfcei standard is still called health ; and 
many consider tluonsc^lves quite liealthy when 
some wheel is always 
cH'aking or sonic vi bra - 
tion always felt ; for 
tb(i ideal is s(*ldom 
eompleb^y realisiul. 
When it is, Ijowcver, it 
is delightful. To m<»V(^ 
absolutely unconscious 
of the mechanism 
within you, to think 
and live entirely with- 
out elTort, is a rare 
experience which at 
limes illuralnate.s our 
chequered lives and 
is treasured up as a blissful memory. 

Kven natural fatigiu* at the end of a {>erfect 
day falls short of ideal health, in that one in 
then painfully eonseious of tired limbs ; but 
this may be termed a healthful ill-health, in that 
perfe(!t sleep entirely dissipjites it and each 
morning becomes a resurrection, when a now and 
uiitired body rises to obey through another day 
the lighb^st caprice of its owner. Healtli, tliore- 
foro, is ease and ill-health is dis-ease.. 

Dynamic Equilibrium* I-^*t us now 
look at the subject from a fresh point- of view. 
Life is a condition of dynamic cqvilihrinin— 
that is, a balance of the two opposing forces of 
destruction and repair ; or, in other words, a 
condition of incessant change. When cither 
of the.se two forceps outweighs the other, the 
balance is lost and — in adult life, at any rate — 
the condition becomes one of ill-health. 

Tlie force of repair is called anabolic nr 
building up, and that of destruction hatahoUc or 
throwing dotvn. All life, vegetable and animat, 
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i» balanced by those two forces ; vegetable 
life, however, is mainly anabolic, or building 
up, while animal life is more katabolic, or 
throwing down ; so that, although in human 
life the fonn^M appear to be balanced, they are 
not really so, for the vegetable docs most of 
the storing, while the animal does all the 
spending. This may be made clear by the 
diagram on the preceding page. 

The Four Main Elements. Jii the 
diagram we see the four main elenu'uts — oxygen, 
nitrogen, hydrogen, and carbon— built up by 
inorganic nature into air, water, and earth ; then 
further built up by the organic vegcdal)lc world 
into starch and albumen ; and lastly by the animal 
one step more, into flesh and blood, fn de- 
struction, however, on the other hand, we find 
a sudden fall of two st(‘pa down to carbonic acid 
gas, water and ammonia — compounds, again, of 
the four elements with which we starfcal — 
oxygen, nitrogen, hydrogen, and carbon. Tliu.s 
the cycle of all life is complete. 

Animal life is founded and depends on the 
vegetable. Take that away and no life is ))os- 
siblo, for animal life cannot form flesh and blood 
from air, water, and earth without liie interven- 
tion of the vegetable kingdom. Man, in sliort, 
cannot exist Avithout the cabbage (as a typicfd 
vegetable), and all our vital powers are, after all, 
due to the silent and disint(‘rosted labours of the 
vegetable world. 

nio rapidity of the ehamje by which life is 
characterised is very great. No lo.ss than one 
twenty-fourth part of the body is dying daily. 
VVe may say, indeed, that wo perish faster in 
life than in death ; the difference being that 
in the life the change is not seen, owing to the 
balancing effect of repair which is absent in 
death. The most healthy person must die, but 
the general object should be to live a healthy 
life and to die a natural death. 

Five Classes of Health. What do avo 
mean by a natural drath ? Men are not only 
bom unequal in the jiOAA’cr and capacity of 
their lives, hut also as to the length of them. 
Both health and length of life are to a great 
extent a question of heredity. With regard to 
the former, Sir Benjamin Ward Ricliardson 
makes five classes : 

1. The perfectly healthy. 2. Tlie healthy. 
X The healthy till old. 4. The frequently 
unhealthy. 5. The constantly unlrealthy. 

Of this last class, ho says, the average life 
after twenty-five is not mdre than fifteen years. 
With regard to hereditary ill-health, however, 
Ave must make one important remark, and that 
is that we do not inherit diseases, but tendencies 
to disease, which may be, and often are, success- 
fully overcome. It is a sorry and false fatalism 
which declares that a drunkard’s child is neces- 
sarily a drunkard. On the contrary, the glorious 
truth is this — that all these tendencies to drink, 
goiit, consumption, and the like, can be not 
only successfully guarded against and removed 
if the tendehey be knoivn, but that,, if thus 
resisted ^ough three geners^ions, the very 
tehd<;jioy‘Wlsappear8 in the fourth, and the 
'weak^lied tung tissue— or digestive apparatus-^ 
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with morbid craving, is absolutely and finally 
stamped out. To call this a “ glorious truth 
is not to use the language of exaggeration, for 
it not only delivers the individmd from the 
“ dead band ” of heredity, but it shows that 
by improving his own heaUh he must benefit 
the future generation with cumulative forc^e. 
The Secret of Longevity. Heredity, 
however, shows itself not only in health, but 
in length of life, and it is in thi.s that the secret 
of longevity mainly lies ; and although this 
can be altered by the habits of the individual, 
the power to add to one's days is very slight 
compared to the case with Avhich they are 
shf>rtencd. Each ptuson is horn into the world 
witli a certain lifo-forcci and is constructed to go 
fin- a certain number of years — ^like a clock. 
The length of time any individual may expect to 
live! may 1><^ roughly (uilculated by dividing the 
sum of the lives of his six ancestors by six, and 
adding one year for every five that the result 
exceeds, or subtiacting one year for every five 
that the result is less (ban sixty. Thus : 

Pntcrn.'il OmndfiitluT died at 07 


„ (irjmd mother 8*2 

Maternal (Grandfather IH) 

,, (Jrandniother 45 

Fafhor .. 72 

MoIIht 63 


Sum of 6 aneestors ia 419 6 - 60 yr» 
and 11 inonthR. 

Failure of Life Power. To this tAvo 
years may be added, as it is about ten years 
in (‘xecss of sixty, shoAving that the individual, 
roughly, is constructed to live for seventy-one 
years and eleven months. Should he so liv'c, 
then dies a natur.al death — that is, a death 
from failure o/ Ufe-pou'er, and not from being 
cut off prematurely by disea.se or accident, 
ft is an astonishing thing to reflect upon that 
only one in nine in this country thus dies. We 
Avrit-e here foi* the other eight, Avho die premature 
and unnatural deaths. The niimhcr of those 
Avho attain seventy years of age is in Norway 
one-third of the population, in England one- 
fourth, in Franco one-eighth, and in Ireland one- 
eleventh. It is computed that, apart from 
disease, the ordinary span of life is ffve times 
that of growth ; and fixing growth, at twenty- 
one years in the human race, men should die 
>)e tween 1 00 and 105 vears. When Ave remember ^ 
that tlie average duration of life here, with 
every advantage^, of sanitation, is still but forty- 
three years — imm forty- two, women forty- four— 
that within our memory it was only thirty-six, 
that in the eighteenth century it was but twenty, 
Ave see what a mighty work remains to be 
aeh levied in perfecting the science of hygiene or 
pre\ention, as distinguished from 3iat of 
medicine or cure. 

It is encouraging in this connection to see 
what sanitation has already done. Within 
memory, we have seen that the span of life 
in this country has been increased from thirty- 
six to forty-three years, which means that on 
an average every child now born has seven 
years added to its life. In the seventeenth 
century the average span of life, instead of 
being forty- three, was as low as thirteen. 
Sanitation has lowered the death-rate in old 



HEALTH 


cities one-third, in new towns one-half. All 
this is encouraging, and leads us to expect still 
greater things. 

Three Barriers Against Disease, 

There are thn'c great bftrri('rs against disease- 
public, professional, and private. 

The public barrier against disease is every 
year getting more efficient in our Public Tlealth 
laws, and in officers who not only surround uur 
seaboard with a line of defence it is difficult to 
break, through, but who extend like a line net- 
work all over our country. In the towns they 
arc all-powerful ; in the most remote village 
the voice of Hygiene is heard through llie 
admirable (bunty Council lectures which are 
now everywhere given. 

The next great enemy of disease Is the ])rn- 
fessional harrier, (‘reeled by the medical profes- 
sion, and it is greatly to its honour that it has 
gone out of its way in the nobh'st ni,nnner, in 
numl^rless instance's, to prevent that disease 
by wdiich alone it lives. 

Hut, as Lord Derby has so well I’cmindcd 
us, tliere exists a far gn'ater barrier than these 
— the private barrier, consisting of a knowledge 
of tlie j)rinciples and practice of liygient; in tlie 
minds of the poo])le. It is this ttiat men long 
for, and it is to this end that we sliall seek in the 
j»lain(^st and most forcible manner to give liere 
a plain and siiccinet account of the laws of 
personal and domestic hygiene. 

Our subject falls intxi four great divisions. 
The first is devoted to (k'neral Principlcvs ; the 
second is a close study of the Five Laws of 
Ilealth ; the third is (levotcd to Personal Hy- 
giene ; and the fourth treats <.>f Fnvinmnient 
in all its jnain aspects of w'ork, locality, home, 
.sanitation, and the various health laws under 
W'hich w'c live. 

The Signs of Health. It has already 
been pointed out that liealth is a most, difficult 
matter to define, and that a man may even 
feel in health and yet l)o unhealthy. Symptoms 
of disease often do not aj)pear at first ; ill- 
health is by no means alway.s apparent. 

No one but a skilled physician can really 
say if a man is in perfect physical health and 
strength. 

Dr. Southey gives as .signs of health: (a) 
“ C{ood construction, that is a sound body ; 
(6) Accommodativnmess to change, individual 
adaptability to widely diverse conditions of 
life, or of climate, without. deterioratUm of 
energy ; (c) Endurance ; (d) Self-control— mental, 
emotional, sexual ; (<?) Resistance to morbific 
influences.” * Tbo.se definitions go somewdiat 
I)eyond mere health, and are rather part.s of 
what is called robust health, or health and 
strength. He further says, ” Health at every ag(^ 
may be secured by following this brief aclvicc. 
For infancy and childhood — sustine (or sustain) ; 
for adult years — sustine et abstine (or sustain 
and abstain) ; for old age — sustine (or sustain) 
again. 

Speaking of strength we must remember that 
“ strength ” by no means alw’ays involves con- 
ditions of health. A man may be remarkably 
“ strong ” in more than one way ; his muscles 


may lx? of extraordinary size and vigour, or his 
brain active and powerful ; ho may excel as an 
athlete, or he niay be conspicuous for intelle(?tual 
energy ; and yet he may be in imminent danger 
of death from failure of some vital organ. Such 
a stale is not a v'ery untiommon on('. 

Again, as Sir William Savory has pointed out, 
one iK'rson will liv(^ and enjoy life in tlm midst 
of hardship and deprivation, will l)ear exposure 
and escape risks to which many others would 
succumb, and yet die prematurely from sonu' 
cause which appears to arise from within. 
Another person will he throughout his life ex- 
tremely delicate, never attaining (‘njoym(‘nt of 
it except at the expense? of care and watchful- 
ness, and p(‘rhap.s not even then ; yet living 
on into a good old ag(‘. 

The Conditions of Long Life. Rut 

these appaiemt conlradietions disappear when 
it is remcmh('red that liealth and the duration 
of life (le])end on the health and ])OW'er of 
endurance of the weakest of the organs whi(‘h 
are nece.ssary to it ; that failure in one organ 
(ainnot lu* eompensat(*d by cxexvss of eneigy in 
another whos(' function is JifTi'ient ; and further- 
more, (hat full and even extraordinary vigour 
of an organ during a gri‘at portion of its liff? does 
not nei'c.ssarily foretell a long term of enduram^e. 
For a while? it may be strong, and yet may very 
soon wear ('uit. l^ut although health and 
.strength an? by no m(‘ans always as-sociated ; 
find although, further, health in its proper sense? 
does not alway.s imply a long life ; yet in e?stimrd- 
ing the? chances of its duration, it need hardly 
be*, .said that those conditions are of paramount 
importance. 

The health of all individuals is larg(?ly affected 
by their original constitution. Unepiestionably, 
there ismoieof vital action in agivem time in some 
individuals than in others. In a .strictly physio- 
logicfil sense, some live much fastc'r than others, 
and die prematurely, if life? be measurcel only by 
time (which, as has lK?e‘n pointexi out, is falla- 
cious), but not if the aim)unt of it may be 
e>s(imat(?d by action. 

That ]>hyHical slate is the* niost promising 
which may lx? tlcscrilu*el as (he average* one*. 
Exaggeration e.)r eecentricity, ejr eonside'rable* 
deviation from the usual type, w’lu‘th(*r of the 
whole fnimc or any important, organ of it, is 
jirohably not favourable in this reKpe?ct ; although 
perliaps* sueli extreme conditions may rcprcse?iit 
(extraordinary powers in a particular diree'tioii. 

Disadvantages of Extremes. For ex- 
ample, in regard to height and hulk, very tall 
and large men, a.s a rule*, do not last so long or 
so well a.s those of average stature. In propor- 
tion to their niimU*rs, very tall or very short 
men are far more often badly made than men of 
average .size — say from five feet seven inches to 
five feet nine inches in height, and in weight 
from 140 to 100 pounds. The men of the Flro 
Brigade may l)e taken in illustration of this. 
They are for the most part of very average 
size and weight ; and in physical excellence, 
and in attribute.s which more immediately 
depend on this, it would be difficult to match 
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them. In the case of any particular organ, 
excess or defect, or any eccentricity of cliaracter, 
implies a corresponding want of accurate adjust- 
ment, to the rest ; and harmony of action is, as 
we have already soon, a condition of health. 

So much for some conditions on which good 
health depends. Wo need not pursue this 
branch of the subject further, as our business 
is not so much to curiously inquire into all the 
various factors which constitute health as to 
examine those external conditions on which it 
depends, all of which arc comprehended in the 
word “ hygiene.” 

The science of luigiene differs c-sscntiully 
from that of medicine, in that in tlic former 
a little knowledge is not a dangerous thing, 
whereas in the latter it is. It is so simple to 
prevent an accident compared to the difficulty 
of repairing th(> damage whim done. To kick 
a piece of orange-peel off the pavtuuent and so 
prevent a fractured thigh-bone is a simple act ; 
to sot the bone perfectly when broken takes at 
lejist four years to learn. 

The Five Laws of Health. There are 
but five laws of Jiealth for the body, and these 
insist that food shall be wholesome, air pure, 
clothing suffieient, cleanliness ])ractiged, and 
exercise and rest taken when needed. Too con- 
stant thought however, oven about these simple 
laws, is not, curiously enough, the way to pre- 
serve health : for it is perfectly true that 
many keoji well simply by being too busy to 
think about themselves at all. Well-meant 
efforts to prolong life may simply end in 
shortening it, by using up the nerve forcjc in 
worrying instead of living. 

If w'C consult the authorities of all tiuio whose 
maxims have come dowm to us, we shall find that 
without exception they regard man as a comjilex 
being, adapted for vicissitudes rather than same- 
ness of habits, climate, occupation, and diet, 
(felsussays that health is liest preserv<;d by avoid- 
ing settled habits of life, and deviating sometimes 
into slight aberrations from the laws of hygiene, 
by varying the ])roportions of food and exercise, 
“ internipting tJie succe.ssions of rest and labour, 
and mingling hardships with indulgence.” “ tl<3 
that too long observes punctualities condemns 
himself to voluntary imbecility, and wdll not 
long escape the miseries of disej\se.” Sterfie 
says “ People always taking care of their hoallh 
are like misers hoarding a treasure, they have 
never spirits enough to spend.” Many will re- 
member the epita])h on the Italian wbo took 
too much care of his health, “ I was well — I 
w^ould be better — Here I am.” 

On the other hand, Johnson says what is not 
to bo forgotten, that “ Health is so neces.sary to 
the duties as w'oll as to the pleasures of life 
that the crime of squandering it is equal to the 
folly.” Terence says “ A principal rule of life 


is not to be too much addicted to any one 
thing.” 

Risks of Over-anxiety. Dr. Norman 
Kerr used to say that a great danger lurks 
” in the very thinking of health ” ; a remark 
which makes one rather anxious as to the 
lurking danger of studying the subject at all, 
and indeed, this danger is a real one. It is quite 
possible to study hygiene, though wo will take 
every possible safeguard against introspection, 
in a morbid spirit ; and thus this section, which, 
rightly considered, cannot fail to be for the good 
of its readers, may be so misused by them as to 
turn to evil. The w^ay to prevent this is to take 
heed to these warnings, “ The pursuit of 
health,” says some cynical wit, “ Is good, if it 
Ik^ not our own.” If you would be healthy 
never make health your objeet. Egotism always 
defeats itself, and if it pursues hofilth and 
happiness as im end. in life, it, never reaches it. 
It seems singular counsel in a treatise on health 
to advocate a wise carelessness, but it is pro- 
foundly true, from a reason that those who are 
acquainted w'ith the subject and the wonders 
of the unconscious mind well know. 

No (uigirieer could afford for one moment to be 
in such ignorance of his <'ngines as we are of 
our bodies ; though the engine is a much simpler 
machine than the body ; and yet w^e will take 
care to advocate no detailed introspection here ; 
for the esseuct^ of health consists in knowing our 
duty and doing it, and not in interfering with 
machinery we do not understand. The fact is, 
1 (the ego) am not the engineer down below, 
looking after the machinery, but the captain 
on deck, directing and navigating the vessel. 
In other words, the conscious mind uses and 
directs the life that, the unconscious mind main- 
tains and produces. 

A Self-protective Organism. Our 

organism, indeed, is largely self-proteotive, 
even against external injurie.s, thougli not so 
perfectly as in animals : for we have reason as 
wdl as instinct to guide us, and are expected to 
use it. 

»Still, us a rule we may safely trust the un- 
conscious mind to gov<uni the body aright, and 
may generally follow^ our healthy instincts as to 
food, clothing, surroundings, &c. 

Interference by the conscious mind in personal 
health, if frequent, tends to hinder it, not to 
promote it. 1 shall point out in detail when 
to interfere and when not — at present I only say 
that the policy, of non-interference is the path 
of health. 

In saying this, even in general terms, it must 
be understood that there is a wise inspection of 
oneself and a wise carefulness as well as careless- 
ness. To know one’s weak points, whether of 
heredity or habits, and to act accordingly, makes 
a strong man, not a weak one. 
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may first considc^r the modci of jiroving a 
well- exposed deposit, such as a granite blutT, 
or a face of stone or good outcro]) of ore. Various 
places would be selectetl as the result of a good 
inspection of the deposit, and by any con- 
venient means, such as pick and shovel, crow- 
bar, jumpier, gad and hammer, or drills and 
blasting, a. quantity of th(5 material would be 
broken down at each place and thoroughly 
examined for desirable properties. The freshly 
exposed surfaces would also b(^ closely inspected 
.to sec if the material maintained a favourable 
character, and if all were found satisfactoiy at 
several points in the deposit, the iw’oper pre- 
parations w'oidd then be made for tluj quarrying 
or mining operati<^u.s, and Uic money required 
('ould be safely appropriated for the jjurpose. 

Proving Alluvial Deposits. An alluvial 
deposit, at tlio surface would bo tested by 
digging holes in sevcial places and by ex- 
amining the material excavated to see if it 
were suitable for the purpos<‘ roqnin'd, whether 
for brickmaking, sand ])its, • gravel ])itH, gold, 
gems, or what not. In the case of gold the 
pan would be used for test ing purposes. Oar<‘ful 
records would be kept of the material from each 
hole, the relative positions of which would be 
ascertained by the measure and (•ompns.s, or 
by a proper surviy, and marked on a plan. The 
material on bed-rock, especially of a goUl 
placer, would bo more particularly (examined, 
as there the gieat(;r (juantity of tin* gold would 
be accumulated. 'I’lie matmal containing the 
gold, etc. , is known as pay dirt, [f the de]>th of 
the deposit were very great, boring might be 
resorted to or even shafts sunk and galleries 
driven in the de])osit : and only afler the material 
.sought had been found in good quantity .so as 
to pay for the expense of devclo})ment and more 
would more extensive operations lx*, contem- 
plated. Nevertlieles-s, at this stage such 
simple appliances as the cradle (^r Lnruj Tom 
might be introduced. 

An alluvial deposit at the bottom of a rivei’, 

' lake, or swamp would be proved by dredging 
operations on a small scale in different j)art8 
of the deposit ; and, again, only when the results 
. of those investigations justified it would more 
elaborate operations be contemplated. 

The Cradle. The cradle is a wooden box in 
some instances about 3 ft. long and about 18 in. 
wide and high. It is open in the front and closed 
at the back, where the stuff is charged in through 
;a removable tray with a perforated sheet-iron 
bottom to retain the stones. Beneath the tray 
an inclined canvas apron is stretched so as to 
direct the stream of water*and material towards 
the back of the cradle. Across the bottom 


from side to side, two bars, or riffles, about / in. 
thick, are nailed, one at the middle jind one 
near the end. The bottom slopes down .slightly 
towards the open end and the whole is supported 
on two transverse rocloMs wliii^h eriable it to Ix^ 
roeki'd lik(‘ a baby's eradlji. The lighter material 
is washed away, wliik^ the heavier material, 
or at least some of it, remains in tlu^ bottom, 
e.sp(‘eiaJly behind the riffles, arid is eolleeted 
and panned. 

The Long Tom. I’he Long Tom is a 
wooden trough about 1‘2 ft, long and 2 ft. wide 
at th(‘ head, and giMdnally wid(‘ning towards 
the otluT end, which is closed by a platt* of 
perforated sh(‘et-iron to stop the stones ; below' 
this is fi.Kcd an inclined vv(X)den box with 
traiisvers(‘ riffles, behind w'hieh the heavier 
matter aoouniulates and can be further washed 
either in the pan or in the cradle lirst and then 
in i he pan. 

Proving a Vein. The outcrop would 
have lK*en examined by the prospector, Imt 
whoever undertakes the proving f>f a M'in would 
carefully examine the oulero]v himself, and have 
good large quantili(‘s hioken down and t<‘.ste(l, 
and, moreov(T, would sink pits down into the 
vein and, if pos.sihle, drive galleries from th(‘ 
side of a hill in or into it, and from tht\s(.* in- 
vestigations might judge whether further 
operations would he jii.stilied. ft is not always 
possihU? to attack n vein in this way, as tin’ 
outcrop, for instance, may 1 k‘ covered up. 

Trenching. Trenching is employed when 
the ground, or overburden, covering a vein is quite 
shallow. Ft consists in digging trenches at right 
angles to the presumed strike of the vein and 
thereby, if possi))le, exposing it to view. Then 
sevenii similar ami parallel cutting.s are made at 
appropriate intervals, and other cuttings can 
also Ik^ made in the direction of the strike 
until satisfactoiy evidenci’ of (he I'haracter of 
the vein at tlu' top is obtained from an exami- 
nation of the exeavat(‘d luaterial, 

Costeaning. (’osteaning is frequently 
resorted to for the purpose of proving veins, 
Wrtural pits are .sunk in each sid(‘ of the supposed 
position of the vein or veins, and an underground 
eommunicat ion ismad<'hctw<x‘n these opposed pits 
which, if the position has been judged eorrcctly, 
will cut through the vein, and its character 
and contents can then lie examined. Pits 
with communicating galleries may he multi- 
plied to any desirable extent. These pits* are 
sunk, if the ground he soft, by means of 
picks and shovels and if they he required only 
a few feet deep the excavated soil can he thrown 
to the surface, erecting, if iiecessaiy, an inter- 
mediate platform or platforms, so as to throw' 
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it up in stages. But for any greater depth 
a windlass is ercctt^d over the hole and the 
excavated material is drawn to the surface by 
means of a rope and bucket. It is usually 
necessary to prevent loose material falling from 
the sides of the pit, and to do tliis, wooden lining 
is put in ; this may consist of frames made of 
notched timber to tit the shaft, and kept any 
required distance apart by means of struts 
called daddies. They are held in position by 
supports driven into the walla of the shaft 
or by boards, or sfringinc/ deals, nailed from 
frame to frame in front ; laths or boards or 
faggots — known as higgimj — arc packed behind 
the frames. As the ground becomes harder, 
jum|H'rs or di’ills and explosives are used, 
and if the sides are of good solid roek further 
timbering may be unnocessaiy. Fig. 24, lent 
by Mr. R. E. Cominans, exhibits the kind of 
surface arrangements for work of this 
kind. Tlie windlass and bucket are shomi 
and also a primitive sort of pump for 
dealing with water. To the left a man 
is shown working a small cradle. 

Galleries. The horizontal galleries 
to connect the pits are driven with similar 
appliances — picks and shovels, gads and 
hammers, or drills and explosives, as tlie 
case may b(‘. If the ground Ix^ loose it 
has to be timbered. Ih're, again, a 
frauu'work is ereeded at intervals and 
lagging packed in overhead and up the 
sides The j)arts of the frames are known 
as the cap, the legs, and sole piece ; 
when the ground is weak all round, all 
are required ; when the ground in parts 
or all over is strong enough to stand, 
one or more of the parts or the whole 
lot may lx* dispensed with. A wheel - 
ban’ow running on a plank is used to 
convey the broken material to the bottom 
of the shaft. 

Beds and seams may also be ex- 
amined for useful deposits in a similar 
manner by driving trial txinneU or head- 
ings in the way described ; or by sinking 
, trial pita or shafts along the outcrop. 

Useful Deposits. Any deposit, 
u'hether vein, mass, or bod, is considered 
useful when it contains marketable 
mineral in sufficient quantity and under 
conditions that would render its removal 
from the ground adequately remune- 
rative. 

Where vein deposits or masses are 
supposed to exist, but are more or less 
deeply buried in the earth, or where a 
stratitied deposit lies liidden beneath so 
much overburden that it would be too 
costly and too inconvenient to sink 


is reached, its depth below ground is also ascer- 
tained by measuring the depth of the hole. 

Boring. Boring is an important adjunct to 
mining. It consists in making a long hole in the 
ground with suitable implements. This hole may 
Ix^ made in solid rock by a process similar to 
drilling — that is, by giving blows on the lx)ttom 
of the hole and so chipping away the rock and 
clearing out the broken stuff from time to time ; 
this is percussive, boring. A hole may also bo 
bored in solid roek by means of cutters set in 
a ring, which, when given a rotary motion, make 
an annular cut in the rock, leaving a column 
of rock standing in the centre of the hole ; this 
column of roek is called the core, which is broken 
off and brought to the surface. This is rotarg 
boring, and a variant on this is used for pene- 
trating plastic material, for which purpose an 
auger-liktj implement is used ; h\it, for penetrating 



PERCUSSIVE BORING TOOLS 


Shoe-nose shell for gravel, san«l, etc. 2. Clay au^er for clay or stiff 
. . .. . Ironwork 


, 3. Auger-nose shell with valve for saturated soils 

shafts or to costean for purposes of ven- tor wooden shear legs 5. Flat chisel for soft rocks 6* T-ohlsel for 
fication. it is then customarv to bore a harder rocks 7. V-ehisel for moderate rocks 8. Crowsfoot for drawing 
, I j - * • 4 .- 4 . v 4 .U • broken rmls and tools 9. Spring dart for drawing out pipes 10. Worm 

hole and SO to investigate by the exami- auger for loosening material in boreholes 11. Bell screw for extracting 
nation of the borings extracted from the broken ro<is 12. Beil box for extracting broken rods or tools 13. Hand 
UrAr, ^og ov Fod wfeiich 14. Worm for drawing broken rods 15. Driving 

hole the tsharacter of the matenals that top of casing tubes le. Spring hook 17. Tillers for tnrnSJ 

exist betvi^n the surface and the deposit rods 18. Lifting dogs for raising rods 19. Steel driving shoe for 
as well as that of the deooait it<»elf bottom of casing tube 20. Tillers for turning rods 21. Swivel-top rod 
me aeposit useil. attachment of rope 22. Square boring rcKls with, screwed ends 
MOfeovor, by this means, when the deposit 23. Mpe tillers for casing tubes 24. Pipe clambs for casing tiil>e8 



MINING 


loose surface 
material, a pipe for- 
nishodwith a cutting 
edge is forced down 
into the ground, the 
material being 
cleared out from the 
inside of the pii)e 
after every few feet 
of sinking. 

Holes may be 
bored any width, but 
large holes are cost Jy , 
so for testing pur- 
poses holes arc l)orcd 
about an inch or two 
in diameter. A deep 
hole, one going 
1,000 ft. or more, 
would be madewid(‘r 
than one going only 
a few hundred feet 
or less. But holes 
have been bored up 
to many feet in dia- 
meter, imder special 
eircumstanecs, to 
wixieh ref(*renee will 
be made later. 



Difficulties of Deep Boring. The 

depth of holes is rc'stricted by cost and ineon- 
venienees which make boring, with pr(‘.s('nt-day 
appliances, at a depth a very slow and wearying 
job as well as expensive. The deepest hole in 
the world was put down by the Prussian Govern- 
mont at Paruschowitz in Silesia ; it reached a 
depth of 6,572 ft. in 399 days, the last 3 ft. 
taking three months of the time. It was started 
with a diameter of 12 in., and finished in. in 
diamet^er ; the weight of the rods, in spite of 
their being made of steel, was 13} tons — in fact, 
it was the breaking and jamming of tin* rods 
that brought the work to an end. It cost £3,761. 
More n^cently a hole has ix^cn bored near 
Pittsburg, in tlie United States, to a depth of 
6,000 ft., and over 6 in. in diameter, by tlie 
rope method in vogue in that country. The 
tools used w'ero of the oidinary .size, wliilo 
two cables spliced together were employed 
to obtain the desired length and strength 
without undue weight. The lower cable Avas 
in. in diametor. and weighed 8,400 lb. ; the 
upper cable 2^ in. in diameter, and weighing 
5,600 lb. The hole cost £8,000. These exam]>le3 
show that deep boring is a serious under- 
taking, and can Ire contemplated only for vei 7 
urgent reasons. 

Uses of Boring. The uses of boring in 
mining are numerous, for, in addition to its 
applications in prospexiting and for the purjjose 
now under consideration — that of proving a 
property — it is frequently adopted for other pur- 
poses. For instance, boreholes are used as 
wells for obtaining water, petroleum, brine, 
mineral waters, etc.-; they arc used to obtain 
gases, such as natural gas and carbonic acid 
gas. They are used in min^, as vents for danger- 
ous gases* as a precaution against explosions. 


to tap lodgments of water, .‘ind so preve.ot drown- 
ing th(^ mine, to test tlit‘ ground ahc'nd, to search 
for fault(‘d ‘parts, to provide passages for con- 
veying signal v/irt‘s and to transmit powt^r by 
Avater, steam, Avire-ropo, or electricity under- 
ground ; to provide channels to eonvty beloAv 
sand and Avater or cenumt grouting, etc., to till 
up cavities loft- underground by the mining 
operations. Quite recently boreholes have 
proved invaluable for conveying air and food 
to miners imprisoned underground by an 
accident. These are some of the applica- 
tions of boring Avhich, moreover, has ('ven 
been ap])lieci to shaft sinking. It' is a va.st 
and varied subject, but a good idea of 
it will be obtained from examples of small 
boring, medium boring, and large boring 
practice. 

Percussion Boring Tools. For per- 
eii8.S!ve boring on a small scale for .50 ft . or so, 
tJie following eipiipmenl, .seU'cted from the list 
of Scliram, Harker, & (.'o., would sutlice. 

One rtpt of ironwork for Ono bell sc.rew 
wooden shoar con- Two lifting do^H 
Hinting of lop cups and Two hand dogw 
sliapklp. bottom npikt* Om pair of tillora 
anil poilarH One snateli block 

Ono 1 'Hlipavo jmlk y blopk i‘’iv 10-ft. Ipngths .sqiiai-e 
Olio 2-Hh<*av« pul Ipy block h(>ring rodH 
MM) ft. bent, lipjup ropo Oiu top Hwivpl rod 
One 4|:-in. elay angpr Om spring book, AvitJi 
Ono 3|-in. <*l«y anger 3' ft. of ropp 

Ouo 4-in. shoe -none sbell Ouc auger board 
Ono 3.in. shoo-jAos« hIipII One auger plcarer 
Ono 41-in. flat id)iHt>l Two pairs caKing tube 

Ono 31-in. flat chisel clamba 

One 4] -in. T-chisel One wteel driving shoo 

One Hpin. T-chiHol One driving cap 

One worm auger Ono 200-1 b. monkey 

Most of these are illustrated in the group of 
tools [23]. 


2667 


MININQ 


The Use of the Tools* A Huitablo Bite 
is selected for the lx)rehole, the ground made 
level, and a derrick or shear legs with windlass 
below and a pulley at the top is erected [25]. A 
rope from th(‘ windlass passes over the pulley, 
and by mc'ans of a spring hook a swivel or 
swivel-top rod servos for manipulating the tools. 

The method adopt-ed for boring is as follows : 
In soft ground a clay auger is first used, for 
which purpose the tillers are fitted to th<‘ 
square shank, and slowly revolved, care being 
used to keep it in a perfectly vertical position. 
When the auger is full, it is withdrawn and 
the contents clean'd out, and the operation 
repeated to the depth of a few feet. The steel 
cutting shoe is then screwed to tlu' bottom of one 
length of casing tube, the driving cixp screwed to 
the top end, and the tube lowered into 
the hol(» in a perfectly upright position. 

The driving monkey [26] is then attached 
to the rope coming from the top of the 
derrick, its stem passed through the 
driving cap ; it is caused by jerking up 
to rise and fall alternately, and drives 
the tube down the borehole. As it de- 
scends, a little extra rope is let out fioin 
timi' to time. As soon as the 
has been driven sufliciontly far, the 
monkey is detached from the rope, the 
driving cap reiuovi'd, and the next 
size clay auger is attaehed to a lioring 
rod and put down the borehole 

The opi'ration is rejicated 
until the tirmness of th<‘ ground 
renders the rotary boring dif!i- 
eiilt. A light siei'l chisel is 
then screwed to a sufliciimt 
length of l)oring rod, the swivi*! 
rod fixetl on the top, and an 
up-and'dovvn motion is im- 
parted to the tools, vvhuh are 
' also slightly turned by hand so as to strike in 
a different ^losition at eaih stroke. While 
this is going on, water is poured down if 
necessary, and the debris converted into sludge, 
which is afterwards raised by a sludger, pro- 
vided with a valve in the lower end for this 
purpose. This sludger is attached directly to the 
rope, or boring rods as the ease may be, and 
lowered to th(' bottom of the borehole. If the 
sludge, be too thick to enter the sludger readily, 
it is raised and dropped a fcNV times, which 
ensures its being filled. When once filled it is 
raised as quickly as possible to avoid leakage. 
Casing tubes aro put down the hole until the 
rock is encountered, when it is generally un- 
necessary to lino the hole further. 

The heavier chisels are used for the harder 
rock in the same way as the lighter ones are for 
clay, sufficient boring rods or a boring bar 
being used in conjunction to give the necessary 
weight. 

Rotary Drilling on a Small Scale. 

Harker*8 hand-power diamond boring equip- 
ment for this purpose comprises a portable 
engine, mounted on strong wrought-iron frame, 
witli two fly-wheels, and the following acces- 
80 rie.s ; ^ 


Steel boring rods and 
couplings for the speci- 
fied doptlm 

Olio crown set witli best 
black diainorid.«i 
One short coro tube. 

One long core tubo 
Two core lifters (or core 
catchers) 

Throe core breakers 
Six spare unset crowns 
One .sector rod grip, for 
raising or Joworing 
rods 

One drill rod lioister. w ith 
iinpn»ved ball clip 
One set of ironwork, bn- 
woollen shear legs 
Ono 2 - sheave 
block 

One ])ress for 


One 1 - sheave pulley 
block 

U)0 ft. hemp ropo 
Ono Hwivol oyo bolt to 
screw into boring rods 
Ono chuck for holding 
crown in vice w'hen 
sotting diamond.^ 

One bench vice 
One drill support 
One swing brace with two 
chucks 

Six drill bit.s, for iwc wdtli 
above 

One hand vice 
One box cement 
Ono hack saw with tw’o 
blades 

pulley One water pump, eom- 
pict<’ 

liking plunger leal hors 



Two swivel eoiuiecti(»iis to horing rods 
One water sirairu'r for suetion hose 
One .suction hose, l.'i ft. long, with brass 
connections 

One delivery hose, .‘10 ft. long, with bras.s 
eonrioctifuis 

One weight suspemh'r, with weights 
T’hroi pairs longs for rotls 
One set spaninus 
One set toiui 
koy.s 

Six assorti'd files 
Two ]>airs <-alliper.s 
Ono hamnu'r 


One screw hanimor. 
One oil-ean. 

One spirit level. 
One pluinh boh and 
line. 


BORING SHEAR LEGS WITH 
WIN GLASS 


A .vuitalde site is sidceted for the 
bori'hole, the ground is made level, 
and derriek, etc , put up. Strong 
timbers (both longitudinal and 
erosswdse) are laid down, and to 
tlieni the frame of machine is 
bolted, and any other means 
taken to give rigidity and to 
prevent any movement of the 
machine that would cause the 
bondiole to get out of truth. 
The rods A [27], core tube, and the diamond 
crown [28] are screwed together, and the crown 
and rod.s gently lowered until the crown rests on 
the siirfaeo of tlie ground ; the rod is not allowed 
to drop on to the rock, as this would shatter the 
diamonds. It is most important to bear in 
mind that, although a diamond is the hardest 
known substance, and will stand an almost 
unlimited amount of abrasion, yot a com- 
paratively slight blow wall smash it. The crown 
i.s raised an inch off the ground, the machine 
slowly revolved and tlie Ixiring rod got per- 
fectly into line. ^Tlie water swivel is then 
.screwed to the to^j of boring rod, and the 
hose B connected up to the pump C, water- 
tank, or other suitable water supply. 

Boring is started vciy gently until half an inch 
has been >>ored, after which it is run more 
vigorously. In the illustration, D is a counter- 
balance to reduce the weight of the rods. 
When the rack reaches its lowest’ point, 
additional lengths of boring rods are added as 
required. 

To withdraw the borii^ rods from the bore- 
hole when the core tube is full, or for any other 
reason, the boring rods are uncoupled between 
the gear and the top of the borehole. The 




water attachment, etc., disconnected, the rod 
grip is slii)ped over the lower rods down to the 
surface of the borehole ; the swivel eye bolt is 
screwed into the boring rods projecting from 
the borehole and the hoisting rope i.s attached. 
The rods are then raised and the successive 
lengths uncoupled, the rod grip 
preventing the rods from falling 
back into the borehole. 

When the core tube reaches 
the surface it is emptied of its 
contents, the diamond crown is 
inspected, and any loose .ston(‘s 
caulked up [28). The sUm(*s i' ^ 
appear as black spots in the |i". 
jigure. 

Those* appliances are g(*ne- 
rally worked by hand, and serve 
for exploratory work. 

Extended Boring 
Operations. Boring opera- 
tions on a larger scale ai'(‘ also 
either percussive or rotary. 

The former is dom*. cither with 
the cutler at the end of a con- 
tinuous lint' of rods, or witli 
a string of tools at the (‘nd of a roptj ; the 
latter is done with a diamond crown or with a 
steel crown provided with (•uttiiig teeth very 
much in tin* same manner as 
in the taise of exploratory core 
boring. 

Percussive Boring with 

Rods. The tools used in this 
operation are similar to those 
used in the smallta* 
operations : chineh, 
rods, braccJicad or 
(iller, augars, slud- 
gers^ keys for screw- 
ing and holding the 
rods, tubes for lining, 
and several tools for 
dressing the side of 
the boreholes, and 
for c'xtracting ob- 
structions such as 
broken rods. 

Chisels are made 
of the best steel, flat 
ones with straight 
cutting edges Ixang 
the most common, 
hut other sliaped 
edges such as V and T are used to suit certain 
^ks. They vary in size to suit circumstances, 
f$ to 24 in. length, 1 or 2 in. thick, and 2 in., 
3 in., or 4 in. face being ordinary dimensions. 
They taper towards the top, tei-minating with 
a shoulder or boss and a screw. Rods are 
sometimes of wood, but usually of the best 
wrought iron, an inch square being a common 
size ; they are made in lengths of from 18 in. 
up to 20 or more feet, and in all cases they 
terminate with shoulders provided with a screw 
socket at one end and a projecting screw at 
the other, so as to enable them to bo screwed 
together to form a continuous line of rod. 
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The lowest rod is attached to the chisel and 
the uppermost rod to the arrangement known 
as the bracehead, which consists of a short l(*ngtii 
of rod, with a socket at the top, into wliich four 
horizontal wooden arms fit, and at the lop of the 
braeehead there is a swivel. The tiller ieplact‘s 
the braeehead as holes deepen, or sometimes 
altogether. And between the l)raeehi»ad or tilU'r 
and tlio lever or spring pole there is an arrange- 
ment w'hich will allow the chisel to progr(‘ss 
down wants without perpetually stopping to put 
in fresh lengths of rod; and this airangoment 
is the stirrup, whieh consists of a bridle of iron 
with a long screw woiking in it. 

The DerricR. Tfi accordiiiKic with the 
magnitude (d’ tin*. eontem()latt‘d opera- 
t-ioiiH th(' derrick may vary from a 
simple *• thnn'-logs ” consi.sting of three 
poles tied togtdJier at tlie top and 
spreading out over a triangular area 
at the base [30] up to a frame towxu’ 
50, (jO, 70, or even more feet high. 
The high('r the tower the longer the 
sections of rod that can be dealt with 
during (he drawing up or l(‘tting down 
of the tools. MMie devriek is ])i*ovided 
at the lop wath a pulley over which a 
ro}K‘ j)ass(*s used in winding up the 
tools ; tlnu'c is also a giiidtj for the 
rods. For w i tiding purposes in 
small work, u hand windlass 
suflic(‘s ; for larger w'ork a, dnim 
driven by an (Uigino is required. 

To givi*- the net'ossary blow 
the eliiscl has to be lifted up 
and down, which, in the early 
stages, is done by hand, wiiil** 
for moderate dejtths 
tlte spring potv 
suffices. The spring 
pole consi.sts of a long 
pole tixed to the 
ground at one end, 
jesting on a. fulcniin 
about oiic-lliird the 
whole lengtli from the 
end, w'hile the otluu* 
<‘nd is fret? and fur- 
nished with a hook 
The diagram [29jf 
shows a spring ])oie 
at work, B the tiller, 
or \)ra(?ehead, C the 
stirrup, D the wind- 
is frequently used in 


MACHINE 
as showm 

boring to give more headway, and to protect 
the workers. Tn more extensive borings the . 
spring pole is replaced by a rocking lever or 
walking beam, the 
tools, etc., Ix^ing 
attached to the 
short-er arm, while 
the other arm gets 
a vertical recipro- 
cating motion from 
an t'ccentric or 
even an engine. 
The operation of 
20fl0 
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boring on the larger scale is very like that 
already descrih^d, but a wooden platform some 
few feet square is laid on the ground with a 
hole bored in the centre for the rods to pasts 
through into the boiehole, or a guide block of 
heavy timber is fixed at the ^ 

su rf ace. | T I . / 

To bore through soft, loose //K\ 

ground, a pipe, fur- // Y\ 

nished with a cut- r \\ 

ting edge, and 

called a drive pipe^ // 

is used. It is driven / \ / / ^ 

into the ground Ity 

letting a heavy 

bhxjk fall on it, 

while a second pif>e ] ^ 

of smaller diameter is lo wered wi 1 li i n 

the other, through which a strong 
stream of water is ])assed, to stir - " 

up the loose material near the 
cutting (‘dge and ea-rry it to the snr- 
faco. Usually, however, some inoiv 
serious oi)eratioii is demanded, and 
the plaee of tlu^ drive pijX' is taken 
by a guide pipe, of iron or of wood, 
which is driven down b ft. or h ft., 
and has a hole of the same diameter 
• as the borehole. Fig. 33 shows a 
method of driving with the ordi- 
nary tackle. The maid is attaeh(‘d to 
a length of rope, and works in guides, 29. borin( 
not shown, and is caused to rise 
and fall and strike the pipe by means 
of the connect/um with the ciank B attaelu'd to 
a pulley. The drive pipe is fixed tnily vertical, 
and is provided at the top with iron shutters 
turning around pins so that they <‘an be moved 
away when required. They have a square 
hole in them over the cenftre of tin? hole fi 

to allow the passage of Uic rod. 'fhe jl 

shutters prevent anything falling into the n 
hole, and also they supply a rest for the jl 
rods while they are Iniing unscrewed, // 

although usually a fork or keg is <*m])loyed // 

for the purpose. // 

Boring in Hard Ground. A // 
couple of men screw the chisel to the // 

end of a short rod, and, putting it // 

through the guide pipe, strike on the // 
ground, turning it round b<*tween each // 
blow. When half a yard is tried, the // 
bracehead is put on to enable them j 
to lift and turn the rods more <‘asily. #/ 

They take off short rods and substi- // 
tule long ones, then adding sliort // 

ones, and again substituting every // 
half yard, so as to keep the brace- // 
head at the most convenient height jl 
for handling. When the length of r 
rods gets too great for throe or four 
men to lift with ease, the spring pole, borinc 
rocking lever, or other means of 
balancing the weight is brought into requisition 
along withAhe stirrup, '.riiesc all being in adjust- 
ment, the rocking lever is set to work giving a 
blow each down stroke of the short arm, or the 
spring pole is pfpf^d down to give the blow, its 
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like that elasticity doing the work of lifting the rods and 

brra some chisel. After each stroke, the workmen at the 

id with a bracehead still give a turn of about one-eighth 

s to pavs.s of a circle to obtain a round hole by making the 

’ block of chisel hit a different place each successive time. 

'Hie swivel enables this to be done, and the 
ojK'ration ]3rogresscs in this way until the bridle 
^ //K\ come to the end of the screw of the stirrup, 

Y\ when a stoppage 

r is made to put in 

/ / ^ suitable length of 

j ^ rod betw'cen the 

/ V\ bracehead and the 

" " Ij.yy ' to run 

j// up the screw'. Then 

the oj)eration is 
1^ J continued until the 

^ ' bottom of the hole gets choked 

\ ® ; W'ith rock fragments. 

Removing the Broken 
Stuff. '.riie boring is then 
stopped, the bracehead, etc., nn- 
serevved, IIk* rop(? from the wind- 
lass or winding arrangement run 
down and hooked to a cap pro- 
vided with a ring and screwed 
into the top rod; or a dog or (‘law\ 
wliieli is passt.d nndtu’ the shoulder 
of the rod, is used instead. As 
great a section of rod as th<' 
iieiglit of the derrick will |X'rruit 
29. BORiNiJ T.vf-KLR WITH in drawn up by the windlass, the 
sruixt; roLK cover of the guide pqic is closed, 

and the shoulder of the last rod 
Itaelu'dto that has passed througli is allow^'d to rest on 

y vertical, this cover (^r tlu‘ fork thru.st over the cover ; 

n shutters then tht? upper leiigtlis of rod are unscrewed 

be moved in one long section and vstaeked out of the way. 

iquarc These ojxTations are continued until the 

? h(3le fX R riiifM-l c»>mes to the surface ; it is in its turn 

'Phe //« \\ removed and replaced hy a ,sawr/-pi/m/> or 

0 the jj \\ , sludger, wliich is lowiTod down into the hol<? 

>r the II \\ by reversing the op(‘Tations of unscrewing and 

d, // \\ raising the rods. The sludger consists of 

'd // \\ an ot)eri iron cylinder, closed at the 

I \\ bottom by a valve opening upwards, 

A j \\ while the sand-pump has, in addition, 

le jj \\ a piston and rod. It is vigorously jerked 

it jj \\ up and down in the bottom of the hole, 

le jj \\ by wdiieh means the fragments of chipped 

d) jj \\ ro(-k are caused to enter the cylinder, 

jj \\ in which they are retained by the 

jj \\ valve. When the sludger or sand- 

I \\ pump has collected the waste, it is 

j ] \\ raised to the surface and emptied, the 

jj » U chisel again screwed on ana lowered 

jj ^ \\ down to do its chipping in the usual 

1 \\ way. The contents of the sludger 

n » \\ Rre carefully examined each timo, 

r ^ note bc'ing taken of the character of 

80 LIGHT >vooDEN Tock, the occurrence of fragments 

HEBBicK. fossils and minerals, and particu- 

larly the presence of any useful 
equisition minerals, all observations being recorded along 
in adjust- with the depths to which they refer. 

; giving a Weight of the Rods. In deep boreholes, 
m, or the the jar caused by the weight of the falling column 
) blow, its of rods becomes a very serious matter, liable 
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to lead to fracture ; hence, hollow rods have 
at times been used to reduce this weight, Imt 
have been found expensive. Wooden rods, for 
the same reason, have enjoyed a great vogue 
in Canada and in Galicia. They are larger — 
2 in, or 3 in. square, and 20 ft. to 30 ft. long — 
than iron rods ; they are specifically lighter ; they 
displace more water in a wet borehole, and 
greatly reduce the falling weight and liability to 
fracture. Wooden rods are particularly applic- 
able where iron rods are not easily obtained. 
CJencrally, however, what is kno^v'n as a frro- 
fall appliance is interposed botwoeri the u|>j>ei 
line of rod and a lower section to which the 
chisel is attached. Some of tlicse appliaiK‘cs 
at th(; eommencciuent of the 
down-stroke of the lods releu.st‘ 
the section of rod with the 

, chisel attached, whicih falls 

^ j^,y gravity, and gives 

/U\ ^ the )low witliout any shock to 

/ I T I ^ the upper line of rod, which 

? / \ V follow’S at a less rapid rate, 

^ / reaches the fallen section, and 

/ ]f at the commencement of tlui 

U])-stroke grix)s it so that 

y '' * d follows up until rc- 

I leased by the reversal of ^ 

^ the stroke. 

- r Free-fall Ap- 
'A \^\f ^ pliances. Fig. 32 

4 All/ ^ shows Arrault's free- ® 

i Ar\ i arrangement. 

^ K pended from the 
f i catch H. The catcli «« 


I aofiim noo 

AStftNOINfr I 
IfftAlSlIVO L 
^TM» TOOL I 


I WIOCRATWN 
OKTOOliV 
SMOCK AT 
TOAOr 
«>STKOKe 


supported ’ ‘ 

t. 3 r ^ 

y oval hole. On the up-s(roko 
the rocking Uwer sirikt's a 
bumping-piece and stops si d- 
denly with the rods, but inertia 

a causes the catch J to con- 

tinue its uj)ward movement; 
it strikes an inclined surface 
L and rClea-ses H, which with 
the chisel falls ahead of the 
O' rest of the rods, hut T1 hooks 

31. itself on again as soon ^s tl 

kind’s free reaches it. Kind’s free-fall 

FAix APPIJANCE arrangement is shown in 31. 

Tlie lower length of the rods 
with the chisel is attached to K, at which it 
is gripped by the jaws T. These are pivoted 
at 1, and by means of links at H and a rod are 


32. PRKE FALJJiNTI TOOL LIBEIUTED BY REACTION 

eonn<‘et('d at the sliding disc (t '^rhe latter 
is held down by the water in the hole while 
thc‘ main rods are ascending, hut as .soon as the 
stroke is reverseil it is lifti‘d by the resistance 
of the water, ojwms the jaws d, and rel(*ascs 

L the chisel, wliich makes its blow without 
shock to the column of rods, and the jaws 
easily pic^k K up again. 

'I'ho sliding joint is used to achieve, the 
same object. It consists of a 
bridle and collar, and is int<*r- 
posed in the line of rod ; the 
) whole line rises together, tin* 

shoulder of the top rod of the 

low'(‘r section resting on th(‘ collar, 
and also falls together until the 

33. .MKTHOU or DRJVINC 

i>«ptPE striking the bottom of the hole, 

but without any shock to the iipjior part, 
which continues th^ down stroke, inasmuch as 
the collar slides over tlie stationary lower rods 
until progress is arrested by an elastic sto}) 
placed heneatli the rocking lever at the sur- 
face. On the up-stroke, the movement of the 
collar is reversed, and on reaching the should<*p 
it picks up the .striking section of rod again. 
There arc, however, many patterns of fri'c- 
fall applian(‘es, and their* use lias greatly rc- 
diu;<‘d accidents du(^ to frac5ture.s of the rods. 
But o]>viously the l>o.st t^ay of eliminating the 
vv(‘ight and other inconveniences of the rods 
is to use something else,, and when conditions 
are favourable this is done by thi^ use of a 
rope, which, moreover, works well in regular 
country. 
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Arrangement of the Working Day. Recreation and Amuse- 

CoiitiiMK'il from 

ments. Nervous Force Economised by Habit. Time and Brain 


By HAROLD BEGBIE 


IT is .low pretty gon(‘rally reeosfnised among 
^ medical men that the da^ divides itself 
into throe parts naturally suited to: (1) Mental 
labour; ( 2 ) physical rccreativjn ; (3) light 

amusements, ^riie morning is recognised as th(‘ 
natural period for mental labour, the afternoon 
as the natural period for jihysieal nnueation, 
and the evening as the natural p<‘i iod for light 
amusement 

Without some such general plan as this, it is 
difficult to sec how a man can effect that economy 
of time which is the beginning of wisdom in 
earthly business. Tiicre must he some broad 
and general prineijde in the matter. 

Morning the Time for Mental 
Work. ‘ From tin* t ime when I was old enough 
to feel rationally aeeountable for the use of time 
and the economy of mental power,” writes an 
.\merican author, “ it has been my custom to 
devote the early part of every day • say, from 
eight or nine o'clock till one or two o’clock — 
t o serious mental work. The af ternoon was given 
to exorcise, recreation, and social intercourse. 
No severe employment of the brain was pursued 
late at night or far into the evening. Not 
half a dozen times in my life have I studied or 
toiled till midnight. In order that sleep miglit 
be quiet and refreshing, the brain was allowed 
to cool, and the blood encouraged to circulate 
evenly through the frame.” 

It is essentia] to romemher that the brain 
is unable to bear any severe strain immediately 
after a meal. The Idood, which is required at 
such a time to do the difficult and most important 
labour of digesting food, cannot at the same 
time quicken the cells of the brain to nervous 
activity. It is therefore necessary so to arrange 
the order of one's life that the chief work of 
the brain may fall at a time of the day when (he 
body is least clogged with food. 

Given such a general principle as we have 
referred to, the matter of the management of 
time presents itself in a fashion easier of appre- 
hension. The question then becomes ; How' 
may I so order, first my study, then my recrea- 
tion, and then my amusements, as to get the 
most out of them in the time at my disposal ? 
The student is, as it were, able to deal with his 
time by compartments. 

The Careful Planning of Work, As 
soon as he perceives that in devoting the 
morning to study he is giving the best part of 
his day to this end, the student will be parti- 
cularly jealous of interruptions. One of the 
b^st iUlMUis' for the prevention of wasted time 
is a Id<irli:6d door. The brain, when once it has 
been set moving in any particular direction, 
jtravels at an increasing pace, so that the latter 
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half of a morning's work contains usually twice 
as much virtue as the first. It will, the^refore, 
be seen tliat any check in the momentum of the 
hraih. any interruption of the flow of the 
machinery, means not only a loss of “time 
during the enaetment of the inleiTuption, hut 
a, very eonsitlerahle loss of time in once more 
“getting up steam.” Time is saved by pro- 
tecting it from filchers and pilferers. The chief 
pilferers are tlie scarce noticeable interruptions 
of a normal household. The student must, 
of course, so arrange his studies as to sutler as 
little as possible in loss of time by going from 
one particular study to another. It will be 
found that one study helps another, and that 
it flows naturally on with something of the 
sam(‘ interest into anothtu*. and in these eases 
time is sa\ed by arranging for those studies 
to run successively. For instance, the brain 
can take up the threads of liistory with greater 
ea.se aft(*r dropping the threads of literature 
than after dropping the threads of mathematics. 

The Thieves of Time. Much time 
is wasted in unsuitable recreations. Many 
people believe that any game is good enough 
for physical recreation, and take no trouble 
in their selection. A little thought, however, 
will, soon convince the inquirer that there are 
certain forms of exercise which suit him far 
better than others — that is to say, particular 
exercises after which he feels a keen refreshment 
of mind and body. To play an arduous game, 
irrespective of its effect upon the mind and body, 
in (he sim))le faith that any exercise must be 
beneficial, i.s seriously to waste time. The 
game whitfli exhausts the mind is as bad as the 
study which tires the brain, and the game 
which educates no virtue and brings no useful 
quality into action, is a thief of time. Every 
game should contribute to the joy and spring 
of existence. 

In no other division of his day is a man so likely 
to waste time as that which he sets apart for light 
amusements and social intorcourso. A contem- 
plation of the subject suggests a volume rather 
than a paragraph, and we can only afford to . 
name a few heads under which the reader will 
see for himself how easily time can l>e wasted — 
frivolous conversations, inane plays, stupid 
music, senseless parties, trivial games, meaning- 
less hobbies. When it is remembered that 
nervous energy can be as greatly exhausted 
by a stupid conversation as by an absurd ^ame, 
and when it is remembered that the conditio;i of 
the atmosphere in most places of amusement 
is an active consumer of force — paralysing 
effort on the following day — it will be se^n how 
very easily time may be wasted in an innocent 
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but though tleBs manner. Mr. John Morley has 
said that he does not mind wasting his timc‘, 
but; he resents having his time wasted for him. 
Most people in their amusements submit them- 
selves placidly to this latter process. 

Wasted 1 Force. A good conversation is a 

mental tonic ; a foolish conversation is a poison. 
The chief consideration in this matter is nervous 
energy. Each man is supplied with a certain 
amount of this force, and how lie utilises it is to 
ail intents and purposes synonymous with his 
use of time. He may either employ his nervous 
energy wisely and scientifically, g<*tting out of 
himself all that is possible, or 1 k‘ may fritter 
and gamble away this priotdess energy, losing 
every opportiinity for his personal advantage. 
A eonsideration of this nature ouglit to 
siiffieicnt warning for those who sing, danee, 
laugh, and play strenuously, believing that so 
long as one is making a great nois(\ and growing 
thoroughly exeitt'd, the body is refreshing 
itself in a brilliant fashion. It- is also a warning 
for those, who believe that they can put an 
extraordinaiy amount of energy into some 
serious undertaking on one day, and not- sutler 
for it on the next. The use of this energy 
is the first step in the management of time. 

But before considering how he shall divide up 
his time, and by wliat persuasions he shall be 
guided in his selection of employments, it is 
necessary for the student to have clear cut and 
certain before his eyes the final objoelivo of his 
cxisttmee. At the root of how much unhappiness, 
defc^at, and misery is the aimlessness of eon- 
seienco ? To have no d(‘finite aim, to keep 
before one no certain goal, to cherish in one's 
heart no absolute and crowning ideal, is infallibly 
to botch the business of life. 

To What End are We Moving ? It 
is not enough for a student to know that th<^ 
reason for his studies is triumph in a particular 
examination, not even to be assured that his 
Kiudic'S arc inspired by the pure ))leasu!e of 
knowledge ; no, he must have a leasoii beyond 
these reasons, the ultimate and deUuniining 
n^ason — the object of his existence. Jfe has 
befon? him an uneeriain number of hours, with 
death certain at the end. An examination is 
merely a mik^-post, an einploymeiit is iiKUcly a 
means of transit, pleasures are but hobbies on 
the road. The question of questions is. Quo 
vadis ? To what final end is he struggling ? 

Happy is the man who perceives his object 
with clear eyes, for wdien once that central, tliat 
final, that all-embracing object is perceived, the 
management of time becomes an easy and a 
cheerful operation. Tx*t us say that a man's 
object is religion — that is to say, devotion to the 
Creator for love of Him, and the perfecting of 
himself for the benefit of the human im^e ; or 
that his object is wealth, the amassing of a vast 
fortune for the heirs that come after him — 
whatever it be, the goal once apprehended and 
once greatly desired, everything is made to 
conform to its attainment. The day’s work 
ten^ to that end, the day’s relaxation, the life’s 
hobbies. Acquaintances are made, friends are 
attained, solely to further the grand aim. Nothing 


is slipshod, nothing haphazard, nothing patch- 
work. Every fragment of the mosaic has its place 
in the scheme, every thread in the pattern its 
sympathy with the purpose. Not an hour is 
wasted, not a word thrown away ; his w'ork, 
however harsh on the surface, is sweet to him 
because it is twisted to his purpose. The man 
know^s what ho is after, and by whatever ])aths 
he seeks it, and with whatever weapons en- 
deavours to capture it, strives for the object of 
hi.s desire. His wholes life is a unity, (*very hour 
a rhythmic movement, every minute a pulsation 
in tlio regularity of his j>uiq)osc. 

Regularity the Master-Word. Regu- 
larity is the master-word in this jiiatter. An 
American doctor says; “ There should h«‘ regu- 
larity as regards the time of im als, tli<^ time and 
amount of action, tlie tinu^ and amount of sk*iq> 
— regnliirity in everything. It is very dithtailt 
inde(‘d to obtain it. Rnt there is in our nature 
more pow't‘r than we know, and if we ct)nform 
ourstdves to th(‘ law' of habit, tilings will stinii 
go on without, our meddling with them, and w'c 
come to be perfectly regular, although we 
perhaps had naturally a tendimey quite tlic 
reverse.” 

The law of habit is a most useful auxiliary 
in the management of tim*\ To g(*t by patient 
experiment a pattern day-- a day in wliieh 
we work with ease and n'.frcsh ourselvi's w ithout 
fatigue — and to struggle to repeat that day 
again and again until its ariangcment becomes 
with us a sec^ond law of Natuiv, is to la'come 
in the best smisc of the phrase captains of our 
time and of ourselves, 'rhe habit of attending 
to trivial things, says 'rh()ri';au, can permanently 
damage the mind. Equally, the habit of attend- 
ing only to csMiuitial tilings can permanently 
bcnclit the mind. 

Use of Time is Use of Brain. ” Amid 
all our speculative iincert-aint y, ’ says Professor 
Tynrlai, ” th(‘r’(? is one* praeti(*al point as clear as 
the day — namely, llial tin' briglitm ss and the use- 
fulness of life, as well as its darkiu;ss and disaster, 
depend to a great i*xtent upon our own use or 
abuse of that miraculous organ, the brain.” 

We make use of this quotation at tin* close 
of our I'erniiiks to (‘inphasi.st* tliat the use of 
time is in reality the use of the brain. 

Miss Prances Power Cobbe d(‘elan‘fl Iut faith 
that “ for one woman whose IuniUIi is injured 
by excessive study (that is, by study itself, not 
tfii* baneful anxiety of examination superadded 
to study) there are hundreds wdiosi^ lanilth is 
<leteriorated by .want of wholesome mi'iital 
<‘xereise.” Wasted time is wastc^d mental energy, 
and wasted mental energy is wasted life.. 

Every man should learn to rogani time as 
the regulator of his brain, and so set it as to 
secure for himself the most profitable and 
enjoyablt5 study, the most refreshing and 
delightful exercises, and the keenest and least 
fatiguing amusements. As he regulates his 
time so will his brain act, and in the healthiness, 
the activity, the vigour, and the alertnc.ss of his 
brain lies the compass of his happiness and the 
Ixmnds of his achievement. 

Continued 
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HISTORY GROWTH OF ENGLAND’S LIBERTIES 

19 Reig^n of William Rufus. The King and the Barons. The Crusades. Accession 

from Henry I. His Marriage with Matilda. The Royal Charter. Stephen 


By JUSTIN McCarthy 


VYyE have followed the develfipriu'nt of Biig- 
land’s liistory to the close of William the 
Conqueror’s rcagn. William was succeeded in 
1087 by his third but second surviving son. 
anotlier William, known as William Kufus. The 
late sovereign’s eldest son was Robert.. Duke of 
Normandy, but on the deat.h of th<^ Conqueror 
William Rufus was at once (ueated King by 
the party then dominant in Kngland. 

William Rufus. Jn those days the 
rigid rule of .succession according tf> date of 
birth in a Royal family had not become .such a 
settled institution as in a later age, and it was 
not unusual that on the death of a sovineign 
fi younger son, even although not recomineiuh'd 
by his father to the .suec(‘ssion, should, if he had 
made himself popular, he laisod to the throruL- 
jNlany of the Norman nobles in England refustnl 
to accept the election of William Rufu^, and 
rebelled against him in siipjxirt of his elder 
brother Robert. Rufus appealed to tin? people 
to support him, and made them promi.st's of 
liberal rt^forrns, relief from ovta*- taxation, relaxa- 
tion of the forest laws and mitigation of parts 
of the Feudal system, whicdi bore lit'avily on the 
general population — he conducted himself, in 
fact, much after the fa.shiou of a mod(‘rn can- 
didate for a seat in Parliament. 

The rebellion of the nobles provcKl a failure, 
and was suppre.ss4Hl, but William Rufus did not 
keep the liberal j)romis<*s he had m«adc in order 
to secure national suiqmrt . 


Wars and Invasions. During his thirteen 
years’ reign he engaged in many wars. He 
made war upon his brother Robert in Nor- 
mandy, but after fruitless waifare a peace was 
concluded, and the Duchy of Normandy was 
mortgaged to William. His reign saw several 
inva.sion.s of Northumbria by Malcolm, King 
of Scotland. Malcolm, who succeeded to the 
throne after the fall of Macbeth, seems to 
have been ambitious of extimded power, for 
ho invaded Northumbria more than once 
during the life of W^illiain the Conqueror. The 
boundaries of Rritain and Scotland in the 
north of the one country Jind the south of the 
otlier were at that time not very clearly recog- 
nised, and Malcolm’s attempts to spread his 
domain into North Britain were not events 
without precedent. William Rufus made three 
warlike expeditions into Wales, but failed in 
two of them. 

The reign of William Rufus -was remarkable 
for its struggles against the Barons, who sup- 
ported the claims of Robert of Normandy, 
over whom William triumphed in the end ; 
and also for its struggles against some of the 
most powerful prelates of the Church, then the 
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Church of Rouul His death remains one of 
our historical mysteries. TKj was hunting in 
the New Forest in August, ll(R), and there 
was killed by a wound from an arrow. There 
were at the time non(‘ of his courtiers or com- 
panions about him ; In? had iid(h?n far into a 
ghule of the fort^st, and thtu'c his dead body was 
fouiirl by .some piNi.sjints with the arrow still 
slicking in the wound, 'fvvo stories were in 
eireulal ion as to 1 he cause of his dciith — one that 
the arrt>w shot was an aceidimt in a fon'st then 
riddtMi over by many hunters; the other that he 
was dorn‘ to death by an enemy. His remains 
were laid to rest in Wiin lu'sttu* Cathedral. 

The Crusades. \i the time of Rufirs’s 
diNith his eliltT brother RohtTt. was on his way 
homo to England from the Holy Land, where 
he had taken part in tin* first Cru.sado. The 
Crusades were thtni o<*ciipyirig tin? attention of 
EurojK? and Asia, and, indeed, of all that part 
of the world which knew enough of passing 
events to take any interest in the movement.^ 
of armies. ’Plu? object of the (hnisades was to 
drive the inlidcls from Jerusalem and take 
po.ssession of the Holy Land. Jeni.salem was 
then held by tlie Saracens, and the Cnisade.s 
had been originated by Peter Caulicr, called 
tin* Hermit, who, after long sojourn in Palestine, 
had suceeedecl in prevailing on Pope Urban 11. 
to ])romote a great movcrnmit for the expulsion 
of the inti(h*ls from the land where dirist had 
lived and taught the doetrirics of (Christianity. 
A council was h(‘ld by Urban’s surnmon.s at 
Claremont in France ; the ambassadors of all 
the (/hristiaii soviu’oigns were present, and an 
appeal was made to Europe for general war. 

Tin? Crusades made an important epoch in 
history, in romance, and in poetry. ^I’hey 
awakened the enthusiasm of all the CJiristian 
States ai\d ^woples, and Jor many years the great 
ambition of every rising soldier, whether the son 
of a reigning sovereign or of a lowly peasant, 
was to take part in the effort to recover for 
Cliristianity the |K>.ssession of the Holy Land. 
For nearly two centuries the Crusades were 
maintained. Jciu Salem was taken and retaken 
by the Christians, and at length recaptured by 
the infidels. King Edward 1. of England, 
when Prince Edward, took a part in the last 
Ousade. Finally the Soldan, the Saracen 
sovereign, gained the upper hand, and the 
Christians were driven out of Syria. 

The Growth of Popular Power. 
Robert of Normandy was returning from the 
first Crusadi? when the death of William Rufus 
took place. But in the meantime his younger 
brother, Henry, not only claimed, but actually 
insisted on, the succession as Ids own. The 
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Barons strongly opposed this claim, and main- 
tained the rights of the Duke of Normandy, 
having in their minds the union of their lands 
on both sides of the Channel under the one ruler, 
who was to he Duke of Normandy and sovereign 
of England. The position taken up by the 
Barons luid the imme<liate effect of drawing 
the English people to the support of Hemy, 
for the desire of the great majority of the 
population was that England should be ruh^d 
on her own soil by her own King, and nr)t by 
anyone who must still be eonsidtaisl as a 
foreign sovereign. The })opular movement 
was successful. 

A Blow at Despotism. Henry was 
erowned King, and he at once set to work 
to introdue(>i measures which should give his 
people a better shan? than tiny had ever had 
before in the government- of the country. 
He issued a eharter, w’hieh Mr. Green says “ is 
important not merely as th<‘ direct pr.‘ccd«‘nt for 
the great < hai ter of dohn, hut as the first limita- 
tion wliich had been imposed on the dc'spotism 
*‘stablished by the Compu‘st." Tlu^ despotism 
which William Rufus had imposed upon the, 
(diurch was abolished, and the power which the 
(V)n(jueror and liis son had established, or 
endeavoured to establish over the Barons, was 
motlilied and mitigated so that the Barons were 
to he liable to certain contributions towards 
the maintenance of the sovereign’s estate, 
but were no longer to he regard(*d as Tiiere 
vassals of the Crown. The rights of the people, 
although not alloweil to extxuid to wha t, won hi 
now^ be considered as the rights of citi/.eiisliip, 
were at least rec'Ognised as liaving soim* title 
to consideration, and the prim ipK^ of citi/enshi]) 
was foreshadowed in the Royal Cliarter. The 
Barons’ rights and privil<*ges were also greatly 
moditied ; their power of absolute mastery o\a*r 
their tenants and dependents, and of extract- 
ing unlimited contributions from them, were 
abolished, and in their place were set out more 
mod(*rate and dcHnite powers, 'Phis ^•hart<‘r 
restored the constitution and the laws iniliat«d 
by Edw'ard the (’onfessor, and also esta-hlislied 
nkeful and popular reforms in the administra- 
tion of justice. 

The Story of Queen Matilda. Hemy 
also made his position as the ruler of (heat 
Britain more secure by his marriage with Al,at.i Ida, 
daughter of Malcolm of Scotland and of (^^ueeii 
MargareC who was herself deseendc'd frmii one 
of the (earlier Royal families of England. This 
marriage sliowed that the King was desirous of 
proving his resolve that the clain)s of Scotland, 
ns well as those of England, should be represcntcsl 
in the Royal family. Another reason made 
this marriage welcome to the English jieople. 
The new Queen had been brought up in a 
nunnery under the control of her aunt, who was 
its abbess, and this fact was, according to all 
ecclesiastical rule, an insurmountable obstacle 
to her becoming the wife of any man, king or 
subject. Matilda, however, declared that she 
had been sent into the convent when a child 
merely to save her from the military troubles 
overspreading the land ; that she had no desire 


to become a nun ; that she liad refuse'd again 
and again to take tin? veil, and had only given 
way at last to the* orders and the* physical com- 
pulsion of her aunt . 

Anselm, the famous Archbishop of t'anttu- 
buiy, a distinguished philosopher and writer, 
was then at the head of the Knglisli (’hurch. 
He had been expelled from Phighiiul by William 
Rnfns beeauKc he could not in eonseieiict* yield 
tlu^ rights of his Ghureh to the demands of the 
sovereign. Dm* of llemy's lirst acts had Ikmmj 
to reeall the Archbishop to his Sc<‘. Ans<‘hn was 
ap])ealed to in this struggle hctvv<‘cn Matilda and 
llu* authority of tlu* abbess, and tlu* fornuT was 
summoned before his (\»urt to plead h<*r caus(‘ 
for lierself. Matilda (old her story with sinceiity 
and d<‘ep etm>finii Anselm, whos(^ d(‘\a)ti<>n to 
the rule of liis Glunch was heyend all (jueslion. 
was de\ole<J also to the <*ause of justice, ami he 
felt satislied that tin* (.Miurc'h ne\ (‘r etaild recog- 
nise the arlutrary eomfmlsiou of a young girl 
to iMsujine a nun merely l)ee;ms(‘ a ))()werful 
ndative and giiaidian insisted on the child's sul)- 
initting to her will. He declared llu* girl f)f‘e 
from the bond of the eonventnal lite, and at. 
liberty to marry tlu* King. The deenM* was 
[)opular among the nia,ss of the lOnglish })(“()ple, 
and Avas only <lisa})proved l.>y llu* Ikirons and 
some of the Churehm(*n. 

The Charter of Henry I, The eha?t< r 
of Henry 1. w^as the lirst step towards tlu* 
abolition of that iner(‘ly d<*spotie system which 
ha<l prt‘vaik*d during the n'ign of William the 
Gompieror, and in the years fulh)wing, ii]> to tlu* 
time wlu‘n Henry introduecsl his lu'w etmstitu- 
tion. The towns increased alti'r that, event, and 
tlu* townshi[)s, boroughs, ami counties began 
to 1 m^ marked out. I'he King's charter yi(‘kled 
to the towns s(»nu*thing a})prua(*hing to tlu* right 
of self-governuu'iit. Tlu* h(*avy Royal tolls 
iinpos<‘d on trade wert* modil'usl or abolished, and 
the upjiations of the livil law' Aveue dej)rived 
of their fornu'r (ie.sputie Diaracder, an«l math* 
to depend on tlu* priuei))les of et)nst it ul ional 
liberty so far as it had tlu‘ti been (*stahlishefj, and 
not on tlu^ will of monarch or archbishop or 
baron. ’Phe creation t)f city corporations ha<l 
not yet coim* into actuality, hut it was already 
clearly foreshadow (*d, and it was becoming rp]it<‘ 
comnum in T.ondoii and other grf'at toAvns for tlu* 
burgesses to convene largt* meetings under the 
])r(*sitleney of tlu‘ir a.ld(*rmen, and to agitate for 
the reforms m*eded for tlu* growth of Ilu‘ir 
eornnieree and the safety of tlieir institutions. 
The spirit of reform Avas abroacl, ami a great 
miprovemerit, too, Avas taking place; in tlu* rela- 
tions iKdAveen (liureh and people. 

Invasion of Normandy. An attempt 
made by Robert of Normandy to recover 
his rights to tlu* English throne* only led to 
an invasion of Nearmandy by Henry in 1105, 
whe*n Robert was eomphdely defeated, and Avas 
kept a prisoner for life. The troubles Avith 
Normanfly interrupted tlu; development e)f 
Hc;nry’s auspiedous policy for England. Tl.e^e* 
Norman troubles brejught also a lu‘avy calamity 
for the King. Henry s only son. William, whom 
be had declared to be^ the successor to the* 
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tbr()m\ liacl wit!\ many English noblrs, afooni- 
jmniecl him (3n his ivtnrn from Normamly ufUT 
fin fittempt at settlcriiont of tho flispnto th(*n‘. 
Th<^ vosscl in whirfi William was sailing was far 
hfhinrl th(' greater part of th(' Royal fleet. It 
ni(‘t with jin fjeeident, find Tlenry's only son wfis 
drowri(‘d. When the n(*ws reaehed the King he 
f(‘ll to the ground, and lay for some time nn- 
eonseious; and whim he was restored to life is 
said to have deelared that he had eonu* haek to 
till* living workl never to smile again. 'The King 
had a daugliter left Afatilda — now ji witlow, 
who liad l)(“en niarri(*d to ifi^nry V., the Emperor 
of Cermany. irmiry deehired her hia'r to his 
throne, jvlthough this sismied strangi' ;it the 
time, find was unw('h‘ome to tlu* haidal nohhvs, 
Avho could not readily accept th(‘ idea that a 
Avoinan should he soven'ign of a great monarch- 
ical Stfite. Hi'iiry’s lifi* ended while he was in 
France, on Eeceniher 1st, I l.'lf), find ther<‘ then 
arose th(* ditlieult ipiestiori of the succession to 
tin; throne. 

London and the Throne. Quite unex- 
pectedly a elfiimantappean‘d who soon nnide him- 
self very popular. 'J’his was Farl Stephen, son of 
fi daughtiT of the (.^oinpnaor, m ho Inid married ji 
French nohlminin of high estat(‘. Stephen was 
the nephew of the late King, and Innl Imsui 
hrought uj) at tin; English (^ourt. Hi; ivas now 
tin; nearest iiifde heir, snvi* for his brother, and 
he had madi; himself much of fv favouriti', espe(*i- 
ally in Iwondon, l»y his pleasfint mfinner, his 
geiK'rosity, find even by his <‘xtrfivagarice in 
spending money. Hi' wfis horfi in 1105, find 
was sent over from Normandy in 1114 to the 
Court of King Henry. 

When Henry settled the crown U|>on his 
daiighti'r, Stephen was on(;of those who aeeepted 
the firrangi'ment. find pledged his fealty to the 
young princess. None the less did Stephen fissert 
his own claim when the news of Henry’s <leatli 
reaehed him in Normandy He returned to 
England and presiaited himself in somewhfit 
melodramatic fashion before the gates of Ijondon 
as claimant to the throne. London rcs|x)nded to 
his aj)])eal. Stephen had in his train no nobles, 
and no demonstration was made at any of the 
towns he passed on his way to the capital ; hut 
Ix)ndon settled the question for him readily 
enough. The constitutional changes made 
by the late sovereign luid given a new and 
commanding power to its citizens, and had 
indeed given to all the cities and towns in 
England an influence they had never Indore 
enjoyed. The public opinion of Iwondoii had 
long counted for something in the election of a 
sovereign, but it now seemt*d to be supreme, and 
it maintained its supremacy. Neither nobles nor 
prelates made any display on the side of Stephen, 
but the eitiz(*ns and their civic rulers gathered in 
irnmenso niirabt'rs and unanimously declared 
Stephen King of and proclaimed their 

re-solve to maint^iin their choice with money 
and men. Stephen tendered his oath that 
he would devote his life to the pcfice, the 
j>rosperity, and the good government of liis 


dominions. He ^\as crowned King of England 
in 1135. 

The Reign of Stephen. The reign of 
Stefihen was from the first a contrast to its 
grandiose npiming. Tfc had promised peaet;. 
fmisfierily, and order, and nothing came of the 
pronii.se liut wjir. confusion, and disorder, ffe 
bi'gan by surrounding himself Avitli hands of 
mercenary Flemish soldiers, and endeavoured to 
secure .support by showering extravagant hivours 
on some of the great English lords, whom he 
hoped to buy over. K>^‘g David of Scotland 
invaded the North of Tkigland as champion of 
the claims of Matilda. He was defeated in his 
first battle at Northallerton in Yorkshire, luit 
was able to relain possession of (Uimherland. 
Stephen behaved with great, violence towards 
the predates who would not support his claims, 
Jirui he thus had at once the clergy and the feudal 
barons as his opporu*nts. Matilda encouraged, 
no douhl, by the eonditicai into wdiieli Stephen 
had hrought himself- came over to England to 
assert her claims, and Fngland was soon divided 
into two great rival laimps- the supporters of 
Matilda, who mainly held the West, and the 
champions of Stephen, wdio ocenpied for the 
mo.st part the Fkist and the metropolis. Steplien 
met wdth a scA'cre defeat at Lincoln, and was 
for a timi' held prisoner by his enemies, while 
Matilda made lier way to London, Tnoro she 
w'as not suoeessful, however. Historians b‘11 
ns that, her haughty manners and lier too- 
eonfidenl. sidf-assertion must sooner or later 
have put the peofik* of the metrojiolis against 
her. She had to seek refuge in Oxford, and was 
there tH»sieged by Steplien, wlio had .succeeded in 
recovering his liberty and in gathering new^ forces. 
Matilda escaped from the heskged city, arid 
lived for .some yeans in obscurity, for the most 
part in Normandy. 

Influence of Thomas ^ Becket. 

Meanwhile the war in Fngland was biAcomirig a 
source of greatiM- social distraction and misery. 
The Barons proved themselves ruthless in their 
actions against all who had striven against them. 
The first relief to this condition of bewulder- 
raent came from the elToi ts of Thomas a Becket. 
His mother was a woman of devout nature and 
maternal temperament, and his father was an 
influential man in the civic lailo of Ixindon. 
Thomas w^as educated at the school of Morton, 
and afterwards went to the University of Paris, 
wfliere he diwoted himself principally to the study 
of theology. He afterwards entered the Church 
under the protection of Theobald, Archbishop of 
Canterbury. Before ho received deacon’s orders 
he had fought in the w^ars like a gallant knight, 
and had shown himself of surpassing oourago 
and chivalry. 

Tt was mainly through his efforts that the 
struggle between Stephen and his opponents 
was brought to a close. Stephen was recognised 
as King, and ho agreed to accept Matilda's 
son Henry as his hejr. Stephen died at Dover 
in 1154, about a ye^ after this peaceful auccea- 
sion had been secured. 
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DEPTILKS arc eolcl-b!oo(locl vort/cbrat-^^a, in 
which the pure and inipuro blood pouri'd 
into the heart arc not kept entirely aeparati*, 
an in birds and mammals. The limbs, when 
present, do not (in existing forms) raise the 
lx)dy far off the ground, for tlu? edbows and knees 
are turned outwards ; five digits are typically 
j>resf‘nt in eithei- extiYmiity. 'rius body is 
rov(‘red with horny scales, and there may also 
be an armour of bony ])la.tes in the skin. All 
reptiles d<‘velop from hard or tougli shelle<l 
eggs. Avhich in a few cases ar(‘ hatched within 
tin; body of the mother, but are more usually 
laid in some warm spot. Tlu‘ young, wlaai tlu‘y 
lii'st make thcar ajipt'ur- 
anee. rt*seinble minia- 
ture adults, and have 
to shift for themselves. 

Extinct Reptiles. 

During the S(‘e.ondary 
<*poeli reptiles were the 
dominant group of 
backboned animals on 
land, while somi' were 
adapted to a marine 
life, and in others the 
fore - limhs were con- 
verted into wings. By 
the b(‘ginning of the 
Tertiaiy epocli most of 
the reptilian orders had 
become extinct, unable, , 
it would seem, to eoni- | 

)MMe successfully with j 
mammali^ and birds, ! 
their own improved re- 
latives. To these ex- 
tinct tyiH‘s .a few w’oids 
may bi* devoted. |For | 
details see Geoloov. J 

Dinosaurs. M'he 
very large order of 
Dhu)saur,<f — i.f.. “ ter- 

rible rc'ptiles ’ — in- 
cluded a great variety 31g ^ 

of forms, of which some 

W'cre <juite .small, while others surpasse<l all 
existing land animals in dimensions. Some 
were vegetarians, others, actively predaceoirs ; 
some lived on the dry land, others preferred 
swamps, fresh waters, or even the zone between 
tide marks. While most dinosaurs were quad- 
rupeds, some develojx'd powerful hind limbs of 
disproportionate length, upon which they hopped 
or walked about. In such cases the adaptation 
to progression on two legs brought about certain 
structural rcsembJaiice.s to birds, but these <Jo 
not indicate close affinities betwt?en the two 



Monsters of the Sea and Air. Among 
the extinct mariiu* reptil(‘s the Ichf/n/omiu ^ 
(“ tish lizards”) wen* large animals vvilJi 
tish-.shapetl bodies. paddl(*-lik(^ limbs, and long 
jaw.s, abundantly furnislied with strong conical 
teeth. The large size of their (‘yes indicates 
that they wen* of nocturnal habit. Tlie 
J*lf‘siosfinrs rcst'inbKsl llio foregoing in gemsal 
sha|M‘ and in the eharaeti'r of their limbs, hut 
the ('omparativ(‘ly small head was borne on a 
long, llt‘xibl(‘ iK'ck, w'liieli probably liad iiiucli 
the same use as that of a swan, enabling its 
po.'ise.s.sor to sear(‘h for food iind(‘r wat(‘i‘ 
without liaving to div(‘ Jse(‘ pla(»‘. facing page 

Kveii more in 

t(‘re.sting than the above 
marin(‘ moiist(‘rs wen^ 
the e.xlinet 
(“winged r(‘ptile.s “), 
which liiinted for their 
food in tin; air, and 
were of tlie iiKisl vari(‘d 
si/.(‘s. 'I’lie skin was 
drawn out into a Hying 
nusn laaru', d i s p o s r. d 
v(‘iy rnueh like, tliat of 
a l>at. But while in 
thi' latter all four fiugi‘rs 
are greatly elongated 
into .sl(‘nder supports 
for this membrane, only 
the little one was so 
modiH(‘d in a [itero.^^aur, 
and fovm(‘d a strong 
jointisl rod, by whieli 
the outer edg<; of th(‘. 
wing was stn‘ngth(‘ned. 
Ib'ru'e, as alr<*ady re- 
marked, no l(‘s.s than 
tlireii totally distinct 
kinds of Hying oigatis 
have lioen evolv(‘(l by 
back boruM I a n i mals — 
tliat. is t/O say, liy bats, 
AT .AHA birds, and ptxs'osaurs 

r('sp('etiv(*ly. 

Althongh SO many groups of r(‘ptiles hav(‘. 
entirely died out, the class is still abundantly 
represent<‘fl among (*,\isting baekbomd animals, 
and the recent sp(‘oie.s may b(‘ groupisl iiit(j 
live orders (I) Tuatak.vs {Rhynrhor.ephaJa), 

(2) Lizabbs (3) Snakks {Ophelia), 

(4) Turtles and d’oRToisKS {(^hehmia), and 

(5) (Crocodiles {Crocmtilia). 

Tuataras. 'Ihi.s group of reptiles was 
abundantly r(‘presented in the earlier par£ of the 
Secondajy epoch, and eoiTt^sponds in many 
ways to the stock from which reptiles in general 
have tak(.‘n origin, ft included a numher of 
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lizard-like forms, presenting many primitive 
characters, and now almost enlircdy c'xtinct, 
being refircisont/od only by the Tuatara {Hattrria) 
f316j, which lives on some small islands in the 
Bay of Plenty, New Zealand. It has only been 
sa ved f rorn ext inet ion 
by the fact that New 
Zealand beeame isolated 
at. an early date, so that 
better (*(juipped forms 
have been to a very 
large extent kept out 
of these islands. 

Lizards. ThCvSe 
may ])(‘i‘haps be de- 
scribed as the most 
average of existing 
re])til(’s, and have a very 
wide distribution. Pour 
small sp('<'ies are native 
to Britain, and of those 
the littk'- sand lizard 
( Lactiia affili.s) may often 
be .seen during tlie sum- 
mer^ basking in the sun 
on banks or scrubby 
slfjpes. As long, how- 
ever, as it. remains 
motionh'ss it is Jik(‘ly 
to e.seajH’ observation, 
for its motth'd-brownish 
skin harmoni.ses with 
the surroimding.s, and 
atTords a good (‘xampk? 
of protective coloura- 
tion. Th(^ litth' animal 
is capable of very 
rapid movement, darting quickly upon its prey, 
whicli consists of in.seets, worms, and either 
email creatures. 

Examination of a lizard or its skedeton 
[317 and 318] enables us to grasp vc^ry 
clearly some of tlie average (diaraeters of rep- 
tikis, such as the sprawling limbs and long 
tail. Tn many in.stanec\s the last-named mem- 
ber plays an important part in ])rotecting its 
owner from an untimely end, for it easily 
snaps across 
if suddenly 
seized by 
an enemy, 
and t i in v 
may tlms 
be afforded 
for escape. 

There is a 
weak place 
in the baek- 



317. SPINK-TAILED LIZARD 
rtiotofiraptieit l>v I’rof. B. II. Ilen’tU 



318. SKELETON 


OP SPINE-TAILED 

l>one which makes this curious procedure pos- 
sible. 

Some of the tropical lizards are of very con- 
siderable size, attaining a length of as much as 
() ft., a.s in tlie iguanas 1319] of America, some 
of which are esteemed as food. These are among 
the rlimbing members of the oixler, other 
(‘xamples being the g(‘ekoes and chameleons 
of tl e Old World, both of which are animals 
of small size. The former have curious pads 
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under their toes, studdbd with peculiarly 
shaped hairs, and enabling their owners to 
scramble up a smooth wall with facility. 

A QuicRochange Artist. Chameleons 
are proverbial for the way in whic.di thi^y rapidly 
change colour if placed 
among fresh surround- 
ings, so as to harmonise 
with tliem. Thi.s varia- 
ble general colouration 
is fuotectivc, because it 
makes th(5 chameleon in- 
visibk; to its foes, and also 
aggressive, as the insect 
prey of the little lizard 
are thereby lulled into a 
simse of false .stieiirity. 
Th(‘ digits are bound 
togeth(‘r into t w o groiqis, 
and a tongs-likc’: grasping 
organ of great <‘tlici(‘ney 
is thus constituted. The 
cha rneleon is also iiota ble 
for the niatively enor- 
mous dist a uee to wliieli 
it can suddenly shout out 
its sticky eliib-shapcd 
b>ngiu', for the purpose 
of seizing in.seets or other 
small (‘reafnres. i’wo 
stages in the proce.ss are 
shown in 320 and 321. 

Some lizards hav^e 
become adapted to 
make tlieir way through 
dense vegetation by the 
aetpiisil ion of an (‘cl- 
sha]x^d form, and the naluction or evim the corn- 
plr b‘ loss of the limbs. Unr harmk'.ss native 
blindw'orm jratjilis), often mislakeii fora 

snake, is in reality one of the limbless lizards. 
Snakes. These reptiles ai’(^ the most domi- 
nant existing rcpi'cscnt at i ves ( )f their chisa, and are 
closely related to the lizards. Tlu^y have under- 
gone the same kind of luodifujation in shape and 
reduction in limbs just mentioned for certain 
members of that order. The limbs, in fact, 

have almost 
always! en- 
tirely dis- 
appeared, 
except that 
in a few 
instances 

— py- 
thons — the 
hind ono.s 
are ' repro- 
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sented by a pair of insignificant stumps, each of 
which terminates in a claw. 

flow Snakes Glide. Upon the under- 
side of most snakes will bo found a double 
scries of large, liorny shields, to which the ends 
of the very numerous ribs [326] are attached. 
By means of appropriate muscles the ribs can 
be moved so as to bring these shields forward, 
one after the other, the net result being a rapid 
gliding motion of progression. One may almpat 
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which certain harmless forms iinconsi'ioiisly tion of .vome small, (le^fTieratii loiiiis lluii 

mimic, thus securing a certain amount of pursue (‘arthworms underground, arc able 

immunity from attack by sailing under false to swallow animals which are very much 

colours larger than themselves ; this glutloiious pro- 

Snahea that Warn. In the Americ^an eedurc often bringing its own punishment, 

rattlesnakes, at each periodical casting of the for the state of lethargy which succeeds t.io 
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322. (JHA.S.S SNAKE AND SVVALLOWKI) It AT 
rii<)toi'raplii!d by Prof. li. II. itentluy 


Ix^Uino of a inoal is, of course, a favourable 
luomoni for the onslau^j^ht of taiemit's. l<\ e(liut< 
in ibis ^vay is romlerod possible by tlie e.xtreim^ 
po\v(‘r of dilatation the body possesses, whieh 
is ])artly due to the alisiau e of a breast -lame 
and should(‘r- bones. 'I’he two bones of tlu' 
lower jaw an? rujt united, as usual, at th(‘ir tip, 
but merely connected by an (‘lastie ligament, 
which easily str<‘tehes. ''Fo ]>i(‘V(‘nt elioking 
during the tetlious proet'ss of swallowing, the 
top of the wiadj)ipc is drawn out into a long 
cone, whieh temporarily protrudes from the 
Bide of the mouth. 322 refu-esents a speeinuui 
of our native grass-anj\ke wliieh has swallowed 
, a rat ; and the wall of 
the body has been cut 
I open to show the head of 
the unfortunate victim. 

Non»Poisonous 
Forms. A large nunib<‘r 
of snakes are n()n-|wison- 
ous, and these posses.s 
numerous eonieal haek- 
wardly pointing teeth on 
the edges of the jaws and 
roof of the mouth which 
are no us«? for chewing, 
but hold the prey firmly 
and prevent its eseajM?. 
Our eominon native grass- 
snake mdrix) 

1 322 and 325] is a good 
example (^f such forms. 
It is particularly fond of 
the neigh Ixnirhood of 
streams, and is an ex|XTt 
swimmer. Its favourite 
food consists of frogs and 
lishes. Innocuous snakes 
also include the largest 
i mem l)ers of the order — i. r. , 
** 1 1 le boas f 327 1 a nd pythons 
of tropical America, whieh 
crush compira lively largo 
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mammals into a 
sha|H*less mass, that 
is gradually swal- 
lowo<l after lubri- 
cation with the 
abundant saliva. 

Poisonous 
Forms. In poison- 
ous .serpents .some of 
the glands oju’iiing 
into the mouth 
secrete a poisonous 
fluid, which is in- 
troduced into the 
bltMui of a bitten 
victim, ^riie largest 
amount of sptM-iali- 
.sation is found 
among the vipers, 
wIhmv the teeth are 
r(‘diUM‘d to a pair 
of hollow “ fangs ” 
in the front of the 
np|KT jaw\ and 
tluT(‘ are two large* 
poison glands, onti 
<m either side of the 324. hamaduyad sTKiKiNe; 
head, giving it a 

eharaeleristiej n‘.semblance to the ace of 
spades [323]. ’’riic mere s lape of the head is, 
however, no e(‘rtain l('st as to the poisonous or 
inno(‘uous character of any giv'cn form. 

In a stale (»f r(‘st, wIk'U the mouth is shut, 
the ])oisoU'fangs are ])n'ssed against tlie roof 
of the mouth, with tlu'ir tips directed backwards. 
But when the snake opens its mouth and 
“strikes ” [324] the fangs are rotated forw'ard, 
so that their sharp tii)s can be brought into 
action. 1’he p<)ist>n flows into the upper end 
of the tooth-canal and, in vipers, enters the 
u'ound by a small hole on the side of the tip. 
VWre it at the end a blockage might result. 
VVe have, in fact, a-n anticipation of the device 
ii.sed in the construction of the needles employed 
with hypodennic syringes. 

It may lx? well to call attc'ntion to the exter- 
nal characteristics of our only native poisonous 
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snake— t.f., the adder (/V/?V/s' />r/a.v), whieli is a 
species of vipta* { 323]. It is [){irti(*idarly <‘onimi)n 
on sandy moorlands. l>csid('H the s})a<i<‘-sliaped 
liead, not(‘ th(‘ dark, broad, zie/ag strijx* on tin* 
npper side of the body. 

The Cure for a Snake-bite. A 
venomous s(‘rpent is not poisonc'd l)v tlu‘ absoi])- 
tion of its own poison iMa aiise its bl«M)d contains 
a ca)inplcx ‘‘ dc‘fensive protcid which r(‘ndcrs 
this liarmlcss. ft is fortunately possible to 
make an artilicial extract of 
this substance for gi\a*n 
syjceies, A\hieh appears to be 
tlu^ enly certain eui(^ for the 
mort! virulent forms of bites. 

It may not bo stipertluous 
to remark that the, forke(i 
tongue- of a snake, which can 
be shot in and out with great- 
rapidity, is not' a “ sting,” 
but a viuy delicate organ of 
touch. It also possibly s('rves 
to attract the attention of 
victims by (‘xerting a sort of 
hypnotic inlluemu', the st)- 
calh“d “fascination.” It is at 
least certain that small mam- 
mals and birds often -seem as 
if tlu'y we?(} paralysed on tiu' 
approach of one of these 
insidious foes, and nudu‘ no 
efforts to escape. 

'riiough naturalists do not 
know of any inarim* animal 
c-orresj)onding to the legendary 
“great sea-serpent,” or kraktai, 
a number of aquatic- snakc.s 
inhabit tlu's Indian Ocean, 
though these are much too 
small to be thii origin of thi* 
myth. Some of them have 
the tail flattened from side to 
side for use as a pi\»peller, and 
all are extremely poisonous. 

An £gg«eating Snake, 
snake {Rachiodon) has discovered the nutritious 
properties of a diet consisting of birds’ i-ggs. 



and is po.ssesse< of a curious airangcfm'nt iu 
coiiiU‘ctinu with his. A Icmtli lik«‘ '«j)inc pro* 
jeets into the lliroat fion lu‘ under sidr of tin* 
b;u*kbom'. ;in(l tliis ai ts ;in i Lig-brcaki r, tho 
contents i)f tho ogg being swallowed wlble tho 
shell is I'jcctt'd irom th(‘ mouth, 

'the bicrogly pliics of the anci<nt Kgyptians 
const iluttsl a systmn of pieturt' wiitiug, in which 
the chaiactcis wiMc outlim^s ot various ol)jc( ts. 
One of these was a siiaki* lnikii\ii iu the ilesei t 
satul. and disti?iguisli(‘d by tho 
prcs(‘nc(‘ of two httlo horn.s 
on the head. In couise of 
time the eumlaous hiero- 
glyphics wiM'ti simplitied, and 
tlu* drawing of llui horned 

snake l)ecame. V (f.i., 

tlu* horns and bo»ly). I>y 
loss of the horizontal stroke 
our hUtcr v has conic into 
exist cnci‘. 

The Wisdom of the 
Serpent. In corrida lion 
with the prescni'c of a wcll- 
(Icvclopcd brain, snaki's may 
Ih‘ r(‘gard(‘d as the most in- 
telligent, of r(‘ptiles, though 
the idea of their ‘‘ wisdom ” 


[irobalily took oiigin in their 
stealthy ways, and the (Miriou.s 
“fascinating” powers already 
mentioned, d’hey arc among 
the numerous animals that 
have Ihmmi tlui objects of 
sujicrst itious worship. They 
are not difficult to fame, 
and certain kinds arc domes- 
ticated in some countries for 
the purpose of keeping down 
the numberH of rats and similar 
pests. 

Some snakes incubate tludr 
eggs, and sboAv a certain 
amount of affection for their 
offspring — tliougli they an' far cxci'llcd by 
birds and mammals in this ri'spcct. 

Continual 
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Nernst Lamp, Osmium Lamp, Tantalum Lamp, Mercury 

fiotn 

Vapour Lamps, Flame Arc Lamps, and Magnetite Lamp 


By Professor SILVANUS P. THOMPSON 


The Nernst Lramp. Tlie circumstance 
that metal tilami‘nts. such as platinum wires, 
melt, and that carhon tiliuncnt'^, c‘ven when 
tinclosed in a vacuous bulb, (lisintx‘^rat<^ if h(*atecl 
to a .white prevent'd the earlier kinds of 

f^low lamps from l)einj' heati'd bt'yond a certain 
limited bimperaf un?, and theri'fore restrictt’fl 
their elliciency. The best carbon filament 
gl(»w lamps, \inle.ss their lift^ is to be very short, 
rctpiire at least watts per candle ])Ower. 'Po 
ol)lain a mon‘ eflicienf. lamp some new departure 
was needed. . 

Now, it bad lonjx been known that many solid 
Ixxlit's, such as glass and porcelain, whicli arc 
insulators when cold, become ev)nductors when 
hot. About the year ISOS it occurred to Pro- 
fessor Nernst, of G(‘)ttiiig(‘n, to (‘xamine the 
pro|K*rtics of filaments of earthy bodies, such 
as pipe-clay, linn* alumina, and /.irconia. He 
found that these suhstanees, if heated red-hot, 
enndueted sufficient ly well to admit a current 
which at oiufc warmed them up to a white heat, 
and when so gkuving they gave out a larger 
amount of light for a given amount of elecdrie* 
|Kjwer than oarbon filaments tiid. Thus begun 
the Nernst lamp. 

Construction of the Nernst Lamp. 

To realise such a lamp it is necessary to provid(‘ 
arrangeimnts for the pixdiminai-y h(‘ating of the 
filaimiiits, ^riiis in lurn necessitates somcf 
fiutomatie device to switch the current off from 
the heater when the latter has done its work. 
Furthermore, since flu* resistance* of the glowing 
filament goes down the* hotter it gets, it is neet's- 
sary to insert in series with it, to prevent it from 
biking too much current and ch*stroying itsi*lf, an 
auxiliary or ballasting resistance made of some 
material whii'h has the opposite projHTty of 
increasing its resistance as it. gets liotter. »>Heh 
a ballast r<‘sistane(^ is constituted by a thin iron 
wu’re ; but as this would at once he destroyed 
by oxidation if open to the air, it must be enclosed 
in a vatmous glass enclosure. The glowing 
filament, on the contrary, must not be enclosed 
in n vacuum bulb, as access of air to it is essential. 
It is, for protection, enclosed in a small gloln*, 
but thi.s is not airtight. Figs. 188 to 192 depict 
the parts of a inod<u*n Nernst lamp. The switch 
device (192) is fixed inside the porcelain bayonet- 
piece L) of nXl, while the cage K is constructed te 
hold the balkisting resistance R. 'Hie glower 
and the heater H are eonstructed on a separate 
base, with thrt^e sleeves — A. B, and C — which are 
spaced out unsymmctrically, and which fit into 
corresponding pegs in the lower part of the 
cage. The glolx^, which may l>e of various 
shapes, fits on the bottom rim of the cage by a 
bayori t joint. The whole control of the lamp 
is effected by the electromagnetic device in tho 
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cap shown in 192. The scheme of conneefions 
has been added to this diagram, and it will l->e 
seen that when no current, flows through the 
glower the spring is bax‘k and makes contact 
w'ifh the lixed stofi S; and so current can pass 
fliroiigh the licater, but when the glower is hot 
and current flow's, the spring is pull(*d away from 
S, and no current passes through the Inviter. 

The Osmium Lamp. As mentioned 
above, f)latinnm wires arc not suitable for the 
filaments of glow lamps, as they melt too readily. 
Acconlingly, oIIkt metals liavc been sought, 
Avhich should b(^ less fii.siblc. Dr. Aikt von 
W4Ts!)ach pr()})oscd to uses flic very rare metal 
osmium. As osmium is much too hard to be drawn 
into a wire, he mix(s finely dividiHl osmium with 
<*crbiin organic matter t o a paste, which i.s squeezed 
ihrojigh a sapphire die into thin wires. These 
arc first oarbonisiHl. and then n‘heatcd under 
a special treatment, which gets rid of the carbon 
and k'av<‘s a thin osmium wire f)olished like a 
silver tlm^ad. Such a filam(*nt when heated by 
passing cleefric ciirnmt through it gives out 
more light in proportion to radiant heat than 
a black tilament w'o\ild do. It has, therefore, 
a higher candle power p(*r watt than tin* ordinary 
glow lamp. But the first I'ost of the lamp is 
higher, and there has hitherto be<‘,n sonm 
difficulty in producing osmium lamps for ^ oltagcs 
ov<T 100. The whiter light of the osmium lamp 
is in ite favour. 

The Tantalum Lamp. Other r(‘fractory 
metals, such as tungsten or wolfram and tanta- 
lum, hav<^ more recently been projK)sed, and 
the tantalum lamp has been put on the market 
by Messrs. Siemens. The thin silvery -looking 
tantalum wire is looped up and down inside the 
lam}) u})on an internal framework, and presents 
tin? a]>ixiarance shown in 193. Like othc'r metals 
tantalum incn'uses its ri'sistance avS it grows 
hot, whereiis the resistance of carbon de- 
creases. lienee tantalum and osmium lamps 
are more steady in their light under a variable 
voltage than carbon filament lamps. Their 
average light is at least as great as that of the 
ordinary glow lamp, and their globes do not 
blacken as those of carbon glow lamps do as 
they grow old. Therefore, in spite of their 
present high ciost, they present manifest 
advantages. As the supply of the metal 
tantalum is not so limited as that- of osmium, 
tanttdum lamps will probably become much 
cheaper. 

Mercury Vapour Lamp. In 1892 Arons 
devised a lamp in which mercury vapour was 
rraidcrcd brilliantly luminous by the passaga 
of a current through it, and in 1895 this laynj 3 
was improved by Lummer. whose lamp is illus- 
trated in Fig. 194 . A glass tube which formed 







a bridge across two other tubes filled with mercury 
was exhausted, leaving only rmu’cury vapour, as 
in the partial vaeuiim at thc^ top of a barometer. 
On passing a current through this lamp, a most 
intensely vivid green light fills the part of the 
tube where the; current passes. Six years later 
Mr. 1*. Hewitt, of New York, brought out a 
similar vapour lamp, but with a much longer 
tubi*, the luminous (rolurnn of vapour between 
the surfaces of the mercuiy being nearly 20 in. 
long, or oven longer. 

With the mercury vapour lamp a dilHenlty 
arises in starting the (‘t'ctrie discharge, 'fo 
Hghi the lamp .\rons simply shook it, causing 
the two mercury columns to toueli for a monu'iit, 
»and as they parted the light Hashed out. In 
the Hewitt lamp the light is started lather by 
tilting it, or hy the momentary ap] lieation of a 
higher ek'eiromotive force, siieli as the spark 
from a small induetii^n coil. When this spark 
has onc'e passed, the luminous eolumn ran Ix' 
maintained glowing by an ordinary ek'ctro- 
motive force, sucl\ as .‘50 to 100 volts. A ballast 
resistance in scrii's with the lamp is found .advis- 
able. Vapour lamps give out very little heat, 
relative to tluar light, and in this sen.se they are 
very efficient. They are reputed to give 17 
candles fK‘r watt. 

A recent form of Hewitt lamp is shown 
in 196. Tt has hut oiu' nuTOury electrode — 
the positive — for it has been found possible to 
use as tlui negative elect rotle t4\e same substances 
as are used in the glowers of Nernst lamps. 

Recently attempt/S have been made to 
mitigate the unpli*asant elTeet of the green 
rays by use of a cadmium amalgam instead 
of pure mercury, as this material gives out red 
rays as well as green ones. 

M’he vapour lamps appear to be admirably 
adopted for external illumination, aiul a recent 
installation of these out-side the “Tribune'’ 
Buildings, London, is giving every s.atisfaetion. 

Flame Arc Lamps. Tt has long been 
known that by axlding various elu*iui<*al materials 
to the carbon rods of th(‘ ordinaiy are lamp an 
are is changed from one of dull t)hi(‘ to one of 
great luminosity. Mvery chemist knows that 
the salts of certain metals will impart colours 
to the nonduminous bunsen fiame, and the 
same effect is produced in the carl>on are. 
Among the salts which arc chictly employed 
for this purpose are calcium fluoride and stKlinm 
fluoride ; the former of which imparts a brilliant 
brick-red tint, and the latter a bright yellow. 
By a combination of the two salts a very 
}>leasing colour is obtained. The light from 
the flame arc lamp, therefore, eora«»8 mostly 
from the arc it^Jclf, and not from the incan- 
descent crater of the positive carbon [see- 
page 2416J. In order to make a satisfactory 
lamp two things were found necessary. First, 
the arc had to be drawn out to a greater length, 
for which purpose a higher voltage, was required ; 
and, secondly, in order to maintain a steady arc, 
the shape shown in 198 had to be adopted. As 
will be seen, the carbons aretilt-ed to one another 
at about an angle of 30 degrees, and the arc is 


maintained in a steady bow by bt;ing blown out- 
warrls hy the action of an electromagnet [see 
page 1590]. To increase further the useful light 
from the are, the carbons protrude through an 
inverted bowl constructed of some while fire- 
rc.sisting material, and this refiechs all the light 
in a downward direction. The flame art; gives 
off a certain amount of poisonous fumes, which 
renders it unsuitable for interior illumination 
unless the room is well ventilat<;d. These fum<*s 
are also likely to affect the mechanism, so that 
in many kinds of flame lamp wi* find that an 
t'lupty chamber aboutr 4 in, or ti in. high is pro- 
vided Indween th(‘ cvommiUer howU as it is 
called, in which the art; bui ns, and the mechanism 
which r(‘gulatt‘s the strikirig of the are and the 
feeding of the carbons. 

The Magnetite Arc. A type of flame 
lamp winch has not yet been introduced into 
England is the magnt'tite arc. A grt‘at draw- 
V)ack tt) tin* fiame lamp just describt'd is that the 
light- is not whife. It was known, liovvever, 
that the are ft>rm(‘d between iron I'ods luwl 
this ])ro|>erty, and the problem was, how to 
prt)duee this arc commercially ; for if metallic 
iron clectrt)dcs were used tht* are would splutttT, 
and molten mt‘tal simply drop away frtmi the 
])oints of th<‘ i‘ 0 (ls. Tht* solution was found 
in the use of the mineral magueiitt*, a stable 
oxide of iron which is found in nature in 
large (plant ities, and is, thereftire, cheap. The 
mineral is ground up, mixt;d with the oxide 
t)f chromium, formt'd intt) rods, and eithiT 
cupper- plated or encased in a thin iron tube 
to render it a better conduet-or for bringing 
the eurnmt to the are. Tn (‘xperinumting it 
was observed that the lU'gative rod only was 
consumed, so that the positiva' rod has been 
replaced by a (*opper block, which forms a 
permaiu'nt })art of the lamp, and is made 
sufficiently larg(* to conduct tin; heat away, 
and so docs not gradually melt off. 

Tin; ar<; is arranged vertically, and is opened 
out to a distance of from J in. to 1 in. by a 
simple mechanism which ivsets the negative' rod 
from time to time to the minimum distance 
arrangi^d for. 

Comparison of the Various Sources 
of Electrical Illumination. For the 

purpose of comparing the “ eftieiencies " of the 
various lamps discussed the following table, 
giving representative average figures, is added : 


1 

Typo of Lamp. 

W nits 
per 

Candle. 

Candle.s 

per 

Walt. 

(handles 

per 

h.p. 

Carbon glow lamp . . 

3-3 

0-3 

220 

Nernst lamp 

1*5 

0C7 

500 

Osmium lamp , . 

1-5 

U‘67 

500 

Tantalum lamp . . 

20 

0-5 

m 

Mercury vapour lamp 

0-6 

1-7 

1,260 

Ordinary arc lamp . . 

0-67 

1-5 

1,100 

Magnetite lamp . . 

0-25 

4*0 

2,960 

Flame arc lamp . . 

017 

5*8 

4,300 
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LIVING PROSE WRITERS 

Being the First Part of a Short S‘iidy in the English Prose of To- 
day, with Notes on the Leading Writers and Their Characteristics 
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LITERATURE 

19 


By J. A. HAMMERTON 


’TTIKRE is a class of critics who. in their (‘iTorts 
to maintain the pose of “ tlic superior 
jierson, ” alTcci disdain of all smious critieism of 
living writers. To them the hiogra})hy of a 
Jiving author is an iinjuu tinence, and lh(‘y 'irgue 
that not until a man lias heeii security cofliiied, 
and tile jiroei^ss of disintegration has advanced 
some eonsiderable way, should any biographer 
be so bold as to attempt a stndy of bis life 
and work. They siaun to forget that even tin* 
(Jreek drama was (an])loy(‘d hy tin* i lassie writis's 
to eoinment ujion living men, and in modern 
times great authors ]lav(^ not h(‘sitat<‘d to wril<‘ 
both in biogra])hy and critieism of their eoii- 
t(‘mporai‘i<\s ; Ifa/Jitl, foi‘ example, and J^aintc- 
Jk‘uv<\ above all, a vast propoition of wliosi* 
critieism was eoneenu'd with writers living when 
he wrote. 'Phat is excuse enough for anyoru* 
to write iu serious strain of autliors who are 
alive, though it is not to be denied that in the 
making of literature the jierspeetivi* of time is 
ino?(^ imjiortaut to the forming of a lasting 
estimate than it is in any of the other arts. In 
the grapliic arts, in the drama, and in music, 
judgment may he mon* easily formulati'd on any 
contemporary work ; Imt sinec^ noiu‘ Imt tlu* dry- 
as-dusts can subsist exclusively on the literal uix’! 
of tlu*! past, and eontmnporary literatuix' must 
ever he the. most widely rc'ad, w<‘ need make no 
apology for taking reasonable interest in its 
creators. For tliis reason, all studies of the 
literature that is still in the making, the 
jiroduct of th<3 age wo live in, are to ho en- 
couraged and to be takmi on their merits, 
without pr<*judice in their biaiig concerned witli 
an e])oeh that is still unclosed, or an author 
who is still alive. 

Changing Conditions of English 

Prose. Wo have looked into the origins of 
English proso and have followed, as closely 
as the limits of our ..hare in the gciu'ral 
scheme of this SEGF-EorcwToii would allow, 
ihs development through tlie ecuturics, exclud- 
ing from our examination of the nineteenth 
tsentury writers those who are alive at tlu3 
time of writing — a plan which may reasonably 
Ih 3 thought arbitrary, sinio it involves the 
separation of a few authors from those with 
wdiom they have more in common than tht‘y 
have with the writers of the generation into 
whicli they have survived. But such cases it 
will bo our business to note as we proceed, and, 
on the whole, no method has commended itself 
as more simple or direct than that we have 
chosen to adopt. 

Tlie twentieth century prose men carry forward 
the literary tradition on lines somewhat different 
from those that were followed by the writers of 


even th(‘ latiM’ pari of the prt'vlous eiuumy. 
Wc havt‘ s«vu how tli(‘ ucwspa})cr and Iho 
maga/,inc divia'Ual th«' great <‘igliteeuth (a'litni v 
talent for letter writing into ]ml)lie iustiNid of 
])nvatt‘ channels. We liavi^ now to m>tie(‘ how' 
tlu‘ <*liang(‘s in tfu‘ mwxspapers and inag.a/.iius 
thcinsolv(‘S have niodilied tin* style and, to a 
eoiisid<‘rable <-xt(‘Mt, tim point of view of tlioso 
whom wc call llu‘ writiss of to-day. llcin' and 
tluac' arc a few young w liters who haunt the 
old [)aths, the “ bookish " shades ; hut iu lh»> 
main tlu* <*ssay has liceoim^ the “ article.” and 
th(' .arlielc, .as a rule, has a very defiuit(5 
cliaracicr foreign to the essay ju’oper. 'I'his is 
due in its turn to the progress of llial popular 
movement inaugui’.atial by tin- fiisl Keform Act 
and the rist> of tie* ni'wspaper press. 'I'he article 
IS, in other words, tin* answer to (he deiMaiid 
of lh(' peoph^ forooneise information on subjects 
which they liavi* liad no spiaial o[)por( unity 
to study. 

How the “Article” has Displaced 
the Essay. With tln‘ dovelopmeut <»f educa- 
tion th(‘ exelusiv(‘ and spei ialiM*d power of the 
pen pa.ssi'd from thi'liands of a “literary” class; 
the ?m‘n of Iidters (aaised to Ix' a sort of priest- 
hood. Th»*n“ is no literary “class" to-day, al- 
though vastly more men and women iuak(' 
their livelihood by tin* piai than in any jirevious 
ag(*. There is no lili'rary class bcc'aiise so 
many arc potentially litiraiy who ;ir<‘ content 
to remain readers. riien, .ignin, those who write 
for a live lihood must addn-ss thcmselv(*s to tli(^ 
int(Tpr(*talioii and soliilion of what are ealhal 

<pie.stion.'. of the day," sinci* it is “ jomnalistie 
interest " that rules, 'fliese “(pustions,” it 
i.s true, an? often litcraiy in a sense, but, 
every writer who now secures any eorisidcrahli; 
hold upon the public is comp(‘ll<.d to n'cogniso 
that lib? is greater than literature. Some 
thinkiws who arc gmicrally regarded as “in- 
genious,” but who may have bit upon truth by 
accident or insight, have forecast a time when 
the human intellect shall have inv(‘nt(‘d some 
mcan.s of thought eommunicatiou that will be 
of more instantaneous effect than the written 
word. The railway, tin? pc'iiny jiost, the (‘lc(!tri<! 
telegra])h, the tclcplione, wireless telegraphy, 
the” many inventions ” of Iho printing pre.ss, 
may he but landmarks on the way to a time 
when the “ finishc'd ” essay or article, the most 
“graphic” literary art, shall take place with 
the picture language of the primeval savage and 
the clay tablets of ancient civilisation, and 
pa.ss as — 

“ iSultaii after Sultan with his pomp 

Abode his destined hour, and went his 
way.” 
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“Human** as against “Literary** 
Interest. Meanwhile, tlio demand for tlia 
“ human,” an distinct from the “ literary,” in 
IcttiTS, has led to a vast increase in the output 
of fiction. The vogue of tJie novel has been 
attended by revolutionary changes in the 
form of that species of literary work, and 
has drawn into the service of fiction great 
numbers of nuMi and w'omen who might, 
under less competitive conditions, have devoted 
their gifts and talents to other dispart inents 
of the literary production. A notabU' c.xample 
is found in the cas(^ of (Jicukce Mekebitii (Ik 
18*28), whose avowedly (*ritical work is r(‘pr(‘- 
sented by <mc tiny volume, his “ Essay on 
Comedy.” Mr. J . M. Earrie (b. 1880) is anotli<‘r 
whom the novel, and later, the stage, has <*laimed, 
though his miscellam'ous writings in lit(‘vary 
criticism, not yid, and litth* liUely ever to be, 
colh'cted into book form, disclose a ([uite unusual 
talent for criticism. 'Phen, what th(‘ Minotaur of 
fiction has not claimed the insatialilo appetite 
of the Pri'ss ha.s dcmandi'd, though here it has 
been all to the advantage of modinn prose 
literature ; for an immense proportion of modern 
books, and by no means the h ast worthy, have 
first (‘xisted as journalism. Mon* and more the 
daily and weekly newspapiTS and the monthly 
maga'/ines are likely to bec’oine tlie mediums of 
circulating (he best that living prose has to 
afford not only in criticism of life and letters, hut. 
in creative fiction also ; the book will Ix' merely 
the convenient secondary ( ondilion of the great 
body of twentieth century prose, for permanent 
record and reference. And Though it is often 
lamented th*at literary standards are low 
and c(»rnmercial, the student cannot escape 
from the conclusion tJiat, apart from the 
pi’estmce in our midst of wiiters of trans- 
cendant ability, and even genius, the general 
level of literary work is wonderfully high. 
OiK' further word as to the manner in which 
we should apfiroach living writers Avho are also 
thinkers. They are. part of what they them- 
selves have read ; and they must be valued as 
guides to, and i liter pretcTs of, the writers and 
thinkers of the ])ast, to waiters and thinkers 
who wrote and thought from standpoints otlna* 
than those of to-day, and eonserpK'ntly re<|iiire 
interpretation, in order that their eontribi- 
tions to the sum of human knowledge may not 
1)0 lost or misplac^ed in the structure of human 
y)rogress. But we cannot tarry longer over this 
fascinating theme. To pass from the general to 
the particular, wa? should like the student of 
Knglisli literature who has followed us thus far 
to take up some hook which may be said to 
mark the parting of the ways. 

The Parting of the Ways. By a 
happy accident, if such a word as “accident” 
may be used in this connection, a book of the 
kind we indicate conies to our hand as we write. 
We refer to the volume of essays entitk^d “ From 
a College Window,” by Mr. Arthur Christopher 
BENi:<»N (b. 1862). In these exejuisitely written 
pages love of books for their own sake 
finds an expression that is eloquent and deeply 
impressive. Here is the haunting thought of the 
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genuine man of letters whose affection for the 
written word is as intimate as Charles Lamb’s 
was. Here also is the joy of the scholar who has 
settled dowm in a dream-world of his own with 
the scholar of an older world, “ and heard the 
silvery Ijcll above him tell out the dear hours 
that, perhaps, he would have delayed if he 
could.” But — and this touches the point we wisli 
to emphasise -Mr. Benson secs from his college 
wimlow not only the grt‘en and shelU*red garden 
that ho loves, with its air of secluded recollection 
and repose, but “ the court, with all its fresh 
and shifting life, its swift interchanges of study 
and activity; ’ ami on yet another side he 
ol)servt*s “the .<tre(‘t u)i(‘i‘e tla* infinite pageant 
of humanity goes to and fro, a. tide full of sound 
and foam, of business and laughter, ami of 
sorrow, too, and sickness, and the funereal 
pomp of death.” The ri^sult is, piuhaps, a little 
sad, but tliere is nothing morbid in this book. 
Tile outlook is too clear and manly as well as in- 
formed. 

The New Note in Prose. Now% 
this book typifies the new e(‘ntiii*y in a manner 
that may not at first sight lx* obvious; it 
indicates that the scholar need no longer be 
a mere ennitnre of the library, living entirely 
in ami for his books, but that he may be 
equally, or to some extent, a man of the 
w’orld. This is perhaps the real point of differ- 
ence* betwe'cn the* scholarship of the last centui’y 
and that of the century in wliieh Ave are living. 
Th(‘ vivifying and humanising influence that 
comes from part k‘i pat ion in the active life of 
the world is modifying thi* work of our prose 
wriUTs so that less and less in the coming years 
will it “smell of the lani]).” In this respect 
the prose lifi'raturc' of the twentieth is likely to 
differ more remarkably from that, of the nine- 
teenth eentury than the latter from tlie prose 
of the eighteiaitb. Yet it is no new thing; it is 
essentially a return to a condition that has 
obtained at otlu'r tiim‘s in the history of letters, 
a.s we pointed out in our opening study on pages 
103 and 104, and it is one of the liappiest auguries 
for the [lormanent value of the prose work likely 
to be produced in the present eentury. 

■A Great Critic : David Masson. 
We have spoken of the past. There was no 
escape from it. Many of the best of our living 
Avriters delivered themselves of the best of 
their Avork in the past. David Masson (b. 1822) 
is an example. T.iike Dugald Dalgetty, David 
Masson was a student of Marischal College, 
but Dugald Avas a sad ]ie(lant, whereas Pro- 
fessor Masson's great erudition is surpassed by 
the breadth of bis sympathies and the volume 
.and vcmatility of his writings. Famous as a 
writer who has lent weight and substance to 
the periodical press, his pen has been employed 
in the cncyolopcTdias as well as in the reviews. 
The first editor of “ Macmillan’s Magazine,” 
ho ruled the destinies of that publication from 
1859 to 1868. His contributions to our know- 
ledge of the English novelists, and of De Quincey, 
(yhatterlon, Carlyle, and Drummond of Haw- 
thomden, have been of the greatest value. He 
is the one writer since Cdfford Avho has thrown 
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now light on the life of Ben Jonson. But his 
greatest work is indiihitahly his “ l.ih' of .Fohn 
^rUton, Knrrated in ConnectitUJ with tlu' Ihditieah 
Kcelesiustical, and LiU'rary Hislory of liis 'rime.” 
a woik in fivti noble volumes wliieh has been 
deserilx'd as the most eompt'te biography 
of any Knglishman. His writings on labour 
and ])hilosophy are almost as important as 
his stndi(‘s in poedry, <‘ritieism. history, and 
biography. Tfe began his career as (alitor of a 
Sc(^ttish provincial nevvspa])cr, and in IS.VJ 
becarnci Brofessor of Knglish Lit('ratiiri‘ in Tni- 
V(Tsity ( V)lleg(‘, London, and in 1 S(i5 in Kdinbnrgli 
Uriiv(n*sity, resigning iii l.Shr>, aft(T .‘10 years 
of singularly fruitful labour in the advaiua*- 
iiK'nt of learning. Masson’s is ( (utaiidy one of 
the great naim's of the ninetecntli century. 

Other Leading Critics. (Ocoiojk Koward 
Batkmak Saintshi’RV (b. iS^o), originally 
assistant - mast ei' of ^Ianeh(‘st(‘r (Jramiuar 
School, and, lik(^ Afasson, om^-tiine <‘ditor of 
“ .Afamnil Ian's Maga/,in(‘,’’ and Ins sncc(‘ssor at 
Kdinbnrgli I ‘niv('rsity, is the jiosscssor of a st yle 
as })olyglot as his rt'adiug. Ifc is one of I lie 
gi‘eat(‘st of living critics, tlie author of innnincr- 
able handbooks on Knglish and Krimch literature, 
and of valnabh^ l)iogra.]>hi(‘s (»f Drydim, Seott, 
and Matllu'w Arnold, 'fir kodork Watts- 
DontoN (b. IS.'IO) abandoned I lie stmly of 
natural history and the la,w for the liidds of 
liction and (‘riticism as well as poetry ; in 
critieism he has hcim one of the foices of tho 
last (‘(*ntury. Tfis “ Studies <d' Sliakespiain*,” 
and “ 'riic! Bmiasceuco of Wonder ” are 
nolal)l(‘- pn'xluctions, hut for some of his 
most rmnarkalile work the student must 
turn to the pages of the “ Kxaminer,** 
th(^ “ .\thcnanm,” Ih*' Kncvclop;edia Britan- 
jiica,” “ (^liamhers's Km:ycl(')j)a*dia,” and tho 
leading rtwiews. He lias been for some thirty 
yi'ars the- close friend and companion f)f Aiajkk- 
NOiV Charles Swinhornr (h. IS‘17), wh(»se 

“ Jwife of V’^ietor Hugo ” and otlna' ])ros(‘ studies, 
especially of Shakespeare, (■liapman, and Ben 
.jonson, are mastialy I'xamjiles of lyru al prosit 
and intnitivi^ criticism. Kowakd Dowdkn 
(b. ISdiF) is another student of Preneh and 
haiglish lit(‘rature, wliose wairUs on Sha.k(‘spean; 
and Sbelh'y in jiartieular have become classic. 
Komu-nM) Cossk (h. 1 84b) lias given ns Livt's of 
Ihmne, Cray, Jenmiy Taylor, Coventry Bat- 
mori\ and Sir Thoma,s Browne, a charming book 
of ‘‘ Krench Brotiles,” and himinons stmlies of 
the sevente(‘ntli and eightiHUith (aaituries. With 
Mr. (iosse must be associated Hknkv At.stin 
D ofl.so.v (b. 1840), whose “ Kighteeiith Century 
Vignettes ” and studies of Steele, Coldsmith, 
WalpoliL Hogarth, Riidiardson, and Fanny 
Burney, possi'ss much of the quality of sincerity, 
scholarship, and finding which characterise 
his poems. Stopford AmusTLS Brookk 
(h. 18)12) has made generations of young students 
his debtor by a consummate “ Briiner of English 
Literature.” His more bulky works include 
liistorv of Ij^nglish Boetry to the Accession of 
jEiYred, *Engn Ocraturo from the Beginning 


to the Norman Comjuest,” “ KiUglish Litiauture 
from A.i). (i70 to a.d. 18.42,” a voIuuk' of vividly 
wriltiMi stiidie.s “ On 'IVu Blab's of Shakespesre. ’ 
tile "Life and Li'ltc'i's of Fr(‘deri(*k William 
Uohertson,” and a study of “ 'Die Boetry of 
Bohert Browning. Bor a long period ,)on\ 
CiiI'RTon t'oLLiNs (I). I.S4.S), lik(‘ Brofessor 

Saintsbnry, \\;is a eontrihntt)r to tin* “ Satmd.iy 
Ivcview. H(^ i.-i now IVoh'ssor of Baiglihh 
Literature at Birmingliam Cniviasily, and oim 
of t he most solid and severe of erit ies, who.s»‘ widi* 
Hauling and remarkalil(‘ memory^ as well as his 
aenli' eriti(‘al faenlty, may he oh.-((‘rv('d to advan- 
tage in his famous ])kai for tin* study of Knglisli 
fj'tcratiirc at the ruiversitics ( I .S‘»i ), his w «»rks 
on Bolingbrokc, \'oltairc. and Swift, his studies 
in Shakcspiain* and tin* Kli/.ilxM hans, :ind in a 
r(‘ccnt vohi iiua “ St udi(‘s in Boet rvand ( *?'it icisrii 
Whlh Dr. Brooke's ‘‘ 'Ten Blays«»f Sh.akespiaire ’ 
shoidd he takfMi tlu* work on “■ Sh;ikes])e:irea.n 
'rr.igtaly,' by Anokkw Ck( H. Bk \ DLKY (h. l.Sr)!), 
till recently Brofessor of Knglish Bo(‘trv at 
Oxford. A foniK'r oecup.int of tliis honour- 
al>le()hair, W'li.i.iwi ,1oun Coi irrnon': (1). 1812), 
is rapitlly eonqileting an exha-ustivi' ” llistoiy 
of Knglish Boetry ’ in six large volumes. .Mr. 
Courthotie, whos<* aim has been to ‘ use- the 
facts of ])olitie-.il and social liistoiy ss ki^ys to 
the ])oet's nusi-iiing, and to make! |M)(‘try elotlur 
with life and eliaractiu' the dry na-ord of (“\ti'rna,l 
facts,” wrote in 1885 a siiggi'.st i ve s(‘ries of es.sa,y.s 
on ” 'riie liih(‘ral Movement in Knglish Liti'ra- 
lure.” His Oxford leetun^s. ” Lile in Boi'lry: 
Law in Ta,«t«‘,'’ his a-dmirahlo m(mogia.ph oil 
Addison, and his “ Life of Bopis” written for 
his .standard edition of Biqu' s work.s, arc pro- 
ductions of high and permamait value. AndrkW 
Lanij (I>. 1.S41) cl.aims consideration as a critic 
as w<‘ll as .1 hiograpluM*. hlstori.in and anthro- 
])ologist. He is i.iK^ (►f our ripest scholars and 
unrivalled among men of letters for his versa- 
tility- A fi(‘quenl (arntrihiitor to “ current 
lili'iat lire,” hii lias written largely in the, daily 
Bress as well a.s in the i*»‘vi(‘ws and maga/aiU'S. His 
more important prose u<uks, ajiart friim transla- 
tions and anthrojiologieal studies, iuehuh* “ 'riic 
Life, Letters, and Diarii^s of Sir SlalTord North- 
cole,” ” Life of laiekhart, ’ ” Bickle, the Spy,” a 
work of daeobiti' researeli, and "" Sir W alter 
Scott.” Mr. .1. W'. AIai kaii. (I). I85b), wlio sue- 
eec<lc<l .Mr. Bradley as Ih’ofes.-or of Boetry at 
Oxford, is llii^ author of a little manual on Latin 
Literature,” which stands ipiite by itself as 
an aid to library self-eiillure. Mr. Walter 
Baleioh, w ho sneeeeded Mr. Bradliy as Brofes. 
SOI* of Knglish latin at lire at- ( Jlasgow', is tluHiuthor 
of several works wliii h may he eommendi'd for 
their vigour and the* brilliani imagi'ry of their 
style, as well as for their high lalueational 
value. We refer b) the “ Knglish Voyages of 
thtJ Sixteenth Century,” his studii^s of Stevenson, 
Milton, and Wordsworth, a (4uirming hook on 
“ Style,” and Iiis liandhook to ” The Knglish 
Novel.” FREDEKirK: Wedmore (h. 1844) is 
an acute critic of lett<*rs as wadi as of art — 
wilne.ss his ” Life of Balzac.” 
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WASHING AND DRYING 

HOUSEKEEPING 

16 

Washing : Shawls, Blankets, White Clothes. Steeping, 

I M01.K 

t-ontiiiiu'd from page V!MU 

Rinsing, Boiling, Blueing, Wringing, and Drying 


By ALICE E. MARSHALL 


White Shawls. A white sluiAvl should ]><» 
wiislied in a wiiriu soap latlior, then rijisod in 
clean water until all s(^ap is reiuova'd, folded, 
nia.ngl<*d, and aitc'rwards well shaken to raise, 
the nap. If titled in the usual way it may get. 
stretched out of sliape. To avoid this, a sheet 
may be sprt'ad on the floor of an taupfy room 
and the sltawl carefully pinmal out on to it. 

Blankets. New flannels and blankets 
are often very (liflicult to wash on aecoutit t)f the 
amount of .sulphur which they contain, if 
steeped for some time in a soft lather, made with 
melted soap and ammonia, they can be washed 
quite easily in the usual way. A breezy day 
should be chosen for blanket washing, as it i.« 
difliciilt to g<‘t them dried quickly. All flantu*! 
garments should be ironed with a moderately 
hot iron when nearly diy. This greatly im[)roves 
their cappearanoe, the cotton hands, etc., heing 
ironed in the usual way until quite dry. 

Washing Coloured Prints and Mus« 
lins. The main points to be observt'd may b<' 
Bummarised as follows : 

Wa.sli t.ho elothns in lukewarm wator, with 
soap; sqiiot?zc them botwoon tho liniifls -do not nil> 
fht’m; rin.st) tham in <'lcan watrr to wfjirh has tynmi 
added ono tablespoon ful of salt ami one table- 
spoonful of vinegar, the huTiior to s<‘t, and llm 
latter to .revive tho eolouv ; .stilTeu with hoilc'd 
stareh ; fohl ovetdy arid nuin^ile ; <lry (|uiel<ly — ont 
of the .sun; danij) with warm watiT ; non witli a 
!m)d(!i’at<dv hot iron; h)ld, ami air well. 

Quick w’tishing and <piick drying are ahsohitely 
noecssary with eolouretl materials in order to 
pre.serve the tint.s. Some colours stand ” mueh 
better than otluMs. Pink and hliu^ fadtt quickly 
if very liot water is used, or if tlu^ garment 
is expo.«ed to the rays of the sun. (been has a 
tendency t(t “ run,” and so spttils the appearance 
and design of the fabric. '^Fo check this, one 
t abhrspoonful of salt should be added to ono gallon 
of cold water, and tlu; gai ment be steeped in this 
for a few minutes pn*paratory to the washing. 
In tho ease of new prints or muslins, this steeping 
is an advantage in setting the colours and pre- 
venting them from “ ninriing.” Never nd» soap 
on the material, as the alkali in it acts on 
the colours and causes them to fade. C’oloured 
prints and muslins an* not, a.s a rule, boiled ; 
some prints which are used for making men's 
shirts are guaranteed to st and this process, but it 
is better omitted, unless the material has been 
previously tested and been found to stand boiling 
without the colour fading in the least degree. 

'Fhe water in which the prints and muslins are 
washed must only be lukewarm. Another ijoint 
to be remembered is that the articles must never 
be left lying about damp. After being dried, the 
gaiiuents need to be damped again, then folded 
evenly and mangled Ixdore being ironed ; this 


must be done immediately after the mangling. 
Only a. moderately hot iron should be used; a 
very hot iron cause's the colour to fade. Prints 
and muslins should be iroiual on the right side, 
unless there is a rai.sed patt<*rn, when the article 
should be ironed on the wrong side only. 

White Clothes. Tho process used in 
washing white clothes is as follows : 

St<'<‘p tlii'iii for nl Irast 12 lumrs ia c.oJd water to 
looKfit tlio elirt ; “ j)oss ” jiiitl wring nut of 

\vat(‘r ; \\u.sli ill ch'an, warm water, using 
.^oap iiiul laUinir the rlrauest tilings first ; rinse 
m <•lean. \Mirni wa.t«'r to n-move .soap aiu! dirty 
water; boil for al)out 2t) nnnules, to iniprovo tbo 
«-olonr ; rin.si* in i b'nii, warm water to remove soap ; 
pass through blue water, or, in tlie (*ase of lat>lo 
linen, ete., a<ld blu«' to tb<' boiled starch, au<l pass 
the. linen through this; fold eycidy with fajje.s and 
hutt«nis insiile, ami mangle ; ilry the elolhes iii ih© 
op<‘U air, if possible. 

The ehiof points tt> tiote in the washing of 
all white clothes are: the removal of all stains 
and dirty mark.s, and perfect ele.tinsing of the 
material ; the keeping of the clothes a good 
colour ; the presi^rvation of tho fabric. 

Steeping. This is an intportant point in 
prt'serving the material, as tlie cold water softens 
tind loosens the dirt, making it easier to remove ; 
consequently less rubbing is required, and thcr^ 
is not the same amount, of sirtiin on the material 
as would otlicrw'ise be the ease. 

Washing. After being wrung out of tho 
steet)ing water, the clothes must, as already 
staled, bo washed in clean, warm water with 
soap, the eletint'st things heing taken first. All 
purls of the clothes should be well looked over, 
and any dirty })arls, .such as the neck and Avrist- 
bands, should have particular attention paid to 
them. 

Soap the parts well, and then rub one piece of 
the material against the other. 

The posser and tub may be used for largo 
arti<*les, such as sheets, which do not require 
mueh rubbing. A small nail-brush may bo used 
for collars, cuffs, etc. ; it quickly cleans them 
if they arc laitl Hat on the table, and then 
soaped well and scrubbed on each side Avith the 
brush. All dirty marks must be entirely removed 
from the elotbo.s before they go into the boiler. 

The Avater slioiild be changed frequently during 
t he Avashing — in fact , as soon as it becomes dirty. 
Too much cannot bo said of the importance of 
using plenty of water for both washing and 
rinsing purposes. 

Rinsing. Rinsing, both before and after 
boiling, ia of the greatest importance, as 
soap, if left in, turns the clothes a bad colour, ^ 
and, in conjunction Avith “ 

iron-mould. Tepid wat«" be ueod atfirei ' 

for rmsiog, in order | . eold 

water may be ^fterwarde. 
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Boiling. The boiler should not more than 
three parts full of wat(‘r. Enough soap should 
bo added to the water — it should be shredded in — 
to form a latlier, more soa]) and water being 
added as the elotlies are t^luinged. The order in 
which the clothes are boiled is as follows : 

Ta!)le linen; culls, collars, (‘le. ; h(‘d and 
liody linen; handkorehiefs ; coarse things, such 
as kitchen towels. 

Small things may be put loosely into a hag ; 
this keeps them together, and is also a, prot(‘etu>n 
if thiTo is any fear of iron-mould. Twenty 
minutes is quite long eiioiigh to l)oil the clothes. 
4he water must not be boiling wlien tlie clothes 
are put in, but should be gradually brought to 
boiling-]>oint. Th<‘V wliould be stirred alxuit in 
the waUu* with two wooden sticks, uliich areals«) 
used vvJien lifting llie clothes out. of the boil(T. 

Aft(T boiling the clothes will re([uire rin>>ing 
again in eUvin warm water to remove the soap ; 
afUa- this has l)een done they must, be hhusi, or. 
if a slight stiffness is desired, be jmt into hoihsl 
Btarcli, to wliieb a little bl>je has been adctsl. 

Blueing. Solid or liquid blm^ may be 
used — tlie former is th(‘ betttM-. '^riie blue should 
he put into a pi(‘ee of fluntiel and tlien h(‘ 
squeez('d into tlie water until the light shad(i 
ha.s l)e(‘n ol>tained. 'Fhis may In* judged by 
holding some of the bine uater in the palm of 
the band. It should b<‘ of a sky-blue shade ; 
too deep a blue is not desirable. It should be 
just suttieiently blue to remov(5 the yellow 
apiwaranee given the clothes by tlui soap. 

The blue nnist not be allow(‘d to settle at tho 
bottom of the tub, or the elotltes will have a 
streaky appearanct*. ’too many clothes should 
not be jtlaecd at once in either washing, rin.->ing, 
or blueiTig \t'at<‘r. 

Wringing. Care must be taken wlieii 
this is done, eitlier b\ hand or machim^. not to 
strain or wrencli tlie material, ’the linen should 
be evenly folded, with the selvedges tog<*ther — 
this is th(‘ strongest way of llu^ mat<uial— all 
tape.s and huttons insidt*, mIh'Ii wrung by the 
liiach’'.ie. To wring by hand, gather the material 
up in tin* ](‘ft hand, place oiu* hand above the 
other. th(* little fingers tog<‘ther, and wring from 
right t.o left the selvedge* way of the elotli or 
garnuad. A mangle or wringer will aceompli'^h 
ilio work much more quii kly arui (‘asily. 

Drying. This should be done in the open 
air where possible, the. early morning air b(‘ing 
tho l)e.st, as it freshens and bleaches the* eloth<*s. 
See that tlie e lothes-lines are firmly fasteiual at 
each end, for lujgh'ct of this prc'caution may 
moan a groat deal of trouble if tlui line comes 
down, and the clothes have to be w^ashed a 
second time. TJu^y should be hung from 
the lino by tl»o thickest part, and as far as 
possible in their natural i)Osition, ;\ peg being 
firmly fixed near (‘ach end to secure them to the 
line. Sheets and tablecloths should be bung 
from the line by folding the two hems one over 
the other, and fixing a peg a few inelies in from 


each selveilge and one in the middle, to 
make them (piite secure. 

Collars and euiTs may be strung togetlu-r on 
a ta|K‘, a ]>iece of muslin or thin cotton Ix'ing 
peggiKl over tlu‘m to keef) tlnuii fr<‘o fiom any 
specks of soot or dust. (Motlu's must not be hung 
out in a very strong w ind.or they are liable to get 
torn, fhislarchcd lijieii, excrpling tho.se iwliele.^ 
which lu'ive to be coM starc'hed, may Im* taken 
(l(»wn from the line })cforc they are pet feetly dry, 
foldt'd neatly, ami jdaeeti in lh<^ clothes-hasket. 
'i’hose which do tiot rcqiiirt* ironing, such a.s 
shetds and towi^ls, maylu'left lying in the clothes 
basket a short time, to Misjuire .ati even damp- 
ness : th(‘v must th<‘n be j)rcssed iti tlu‘ mangle 
to r(*mov(* the creases. 

Sprinkling. As it is iitipos.sib|e to ge?. 
a gooil result by ironing elolht's which are dry, 
it is nee(‘ssar\ that l)otli starched and un- 
.stareh<‘d artieles which have been drierl should 
he damped again, s<t that tlie heal of the inm 
eaii take full elTect. T.‘tl)|e linen, etc., whi<‘h 
lias h<‘en starched with boileti starch, must always 
be thoroughly dried and tluai dampisl again 
before ironing, or tin* iron will stick. 

'fo danqi (lothes, spread them .'is flat 
possible on .i tabh* ; hold ;i basin of Inkmvarm 
water in tin* left hand, and with the light 
sprinkl(‘ tin* water evi'nly over evi*ry part. 
Articli‘S which have hiuai starched with hoihsl 
starch will not taki* c*old water laisily ; it <*;iuses 
a dark shade to appear, therefore warm w.itiT 
should be used. After (lamj)ing, tli<‘ articles 
must be (‘V(‘iily foldfsl, passed tlirougb tbo 
maugk‘, and placeil in a clean cloth in tho 
clothcs-bjiskct, rc.idy for ironing. They ar<i 
ironed much bidtir if allowini to Ii«‘ a short 
time in a cool pl.iei*. Pocket -handki'rchief.'i 
neetl not be dried Ix'fon* ironing ; aftiT 
mangling they should be rolled up tightly in a 
clean cloth, and iromsl damp. This gives tluaii 
a slight crispues.s, w it hout b<*ing ac tually stilT. 

'I'he body part oi ;i man's shirt shoulfl bo 
danqied in tlie same way as other Ixxly linen, 
care being t.ikeii that the water do(‘s not touch 
tin* trout or cutTs. If the linen is dam))(‘d well 
just aho\c tlH‘ cutfs and I'ouml the cslge of th(^ 
fi’ont, it will pri'verit the stareli from I'Utering 
into the sid(*s and sleeves of tin* shirt. 

dollars, cull's, etc., must be piM'fcclly dry lM*foro 
being starch<‘d with cold stareli. (»r tlu'.y will not 
be still'. All tlu^ old stareli should lie well 
i'ublM.*d out ; if any is lid't in, the linen will liavo 
a <lull. mottleil apjiearance. 

A tablecloth should lx* stretched into sliapo 
wliilst ilump. (hi.tfi(*r the hem up in flio 
hands, and with the assistance of another 
person pull the cloth gently into shajx-. Long 
lace curtains may be straightened in the samo 
way, eare being taken not to put loo great a 
strain on the material. 

'fhe fringes of towels and tray cloths should 
he heaten .against the edge of a lahle whilst 
damp, in order to straighten them. 


Continued 
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Its Advantages and Characteristic Strokes. Varieties in Tone and Line. 
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Studies of Flowers and Fruit. Greek and Japanese Brushwork 

ContlnuM from 


By WILLIAM R. COPE 


Advantages of Brush Drawing. The bo used, whii li may bo of (iilb>joii( ooloui-.s 

art of drawing with a brusli rtMpiiios the for llio ao])arato parts, say. of a plant with its 

same training and skill as that which onablos leavos ami llowt'rs; or (lio tom^s may bo varied 

ono to draw with a ponoil (n' chalk, ami for the upper and lower surfaces of the leaf 

should be considered necessary as a part of or petal. 

one’s training, instead t)f merely a separa,te Brush Strokes. t*onim;ind over tlic 

and distimd manual occupation. Drawings brush is absolutely essential for smeess, and this 

executed in outline with a pointed pencil a<linit can only be obtained by const ant ex(T( ise 

of tine d(‘tuil, but they hav(* the tendeiu‘y to A Ijcginner sluxdd spend some t ime in pract ising 

caus(j beginners, unless they have a careful preliminary (‘xercis(‘s in brush strokes similar 

tcatdier, to think too much, if not entirely, of to those in the uhole row of 650, in ord(‘r to 

th(‘ edge of the object, and litth* or nothing of learn fret‘ movement and the prop(>r handling 

the mass and general proportions; whereas of the brush. This will la* capit.il training for 

drawing with the !)rush compels students to securing “slick” work, witli (lean (‘dges, and 

train tiieir eyes to set* form or mass, the gen(U-al with pl(‘asant t'olour in the more difiicult studies 

look and (‘ven the eidour of ohjjnds, thus to be undertaken later. 

eultivating accurate observation, comparison. Studies of Flowers, Fruit, etc. 

rellectioii and memory, in order that the hand Next procure some natural hsives ami (lowers, 

may give a skilful and true (‘Xpression of what such as those shown in 652 to 664, and eii- 

is seen. Truth of drawing must bo carefully deavour to r(‘preseut tljom in flat w<ash(\s of 

cultivated, and is not incompatible with an colour a.s imlicated. leaving the white paper 

artistic remhwing of the object tj\at is studies!. showing as lines for th(‘ (‘dg(\s. 651 in- 

Characteristic Features. The ess 4 ‘nc(‘ dicates how to begin a h^af. Notice the 

of hnishwork is that it shoidd he fre(‘ and P<>«d of colour at the lowin' tnlge as advisi'd. 

not laboured; the strokes should be spon- The studies should hi‘ gradati'd iu dilliculty, 

taneous and y<‘t accurate in form, although that itj time more interi'sting examples, lik(' 
there may be sligld irregularities in individual thosi* in 665 to 671, may be chosen for r(‘pr(.*Hcii* 

ones. Rigid m(.'chanical accuracy results in a. tition. Alira//s stmhf frtnn Xature. 

hard, wooden appcaraiici^ in the drawing. Varying Tones. Sometimes (‘X«Tciscs 

There is no harm in sometime.'^ using the pencil may he workisl in monochronu' in a manner 

to ski'tch in lightly the general form and pro- similar to that shoun in 672 and 673, tlu' latt(T 

portion (but not the details) of a eomj)licatt!d Ixang partly iu outlim*. to suggi'st tlu' white 

study lu'fore hegiiming the actual hnishwork. in colour of tin* flowers. Or ditTcrent colours in 

order to counteract the tendency towards loosi*- Hat washes may he u.scd for th(‘ leaves and 

ness in dravviiig with tlie brush alom*. Ilowcrs nf a plant. 674 i.s a sludy of the 

The llexililc p(unt of the bru.sh has its own laurel, wlicrc a light lone has bi'iui washnl 

])0culiar capacity, and its own range of tivat- over lirsi. ami, wIh'u dry, an outlim^ for th(‘ 

ment. The watiu-colour landscapes of D(‘ Wint edges and veins has bivii drawn with the brush, 

are lim* examples of broad washes and em|)batic Conventional Representations. \Vlu*n 
brush louches ; but Japanese brush drawings the stmhsit has rnadi? several earidid brush 

[682, see abo page 113] show', too, how character studies of a plant, and so foilh, Iu* should lu^ able 

iind form may be represented by the brusli. t.^ give an idiaii or conventional rendi ring of 

Materials and Directions. For p.iper it suilabh‘ for (lesign. Thus the brush enables 

use O.W.S. “not”, surface, hut even ear- him to improvi' rapidly his imaginative and 

tridge will do for many drawings. 'Phe brush inventive faculties. There are geiKially mon? 

should be a good sal)le, and not too small; a regularity, balance, and syinmelry in a design 

No. 7 ia u good size to use, with, perhaps, a than in Nature, as ri presented in 675 to 679, 

No. 5 for vtuy small detail when reipiired. which are all conv(*ntional. 

The colour may bo sepia or Indian ink for Greek Brushwork. The (ireeks fn*- 

studies in monochrome, hut any colours may (pxently used the brush in decorating tluar l)uild- 

be used. When mixed the colour should be ings, etc., with designs similar to 680 and 681. 

moderately thin, and the brush fully charged Japanese Brushwork. The Japam'se 
with it while the form is being made. Keep a are w'orld-famed for their brushwork, as exem- 

pool of colour on the paper at the lower edge plitied in 682, which will teach blotter than 

of the wash to ensure clear, bright tones. No hundreds of word.s what can he acoornplislu tl 

attempt should be made to softtm or gradate with the brush. 

one tone with another, but Hat tints should [vSee over page for illustrations, j 

Elements of Dramng concMed 
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EMOTIONS AND INSTINCTS 

Instincts the Aspects of Emotions. Physiological Features of Emotions. Conten- 
tion Regarding the Theory of Emotions, Controlling Emotions. Reasoning Power 


By Dr. C. W. SALEEBY 


MOW, must turn to n lu'w dopartimuil of 
our sulijiMd, an<l one attomlod with iniuli 
(lillifiilt y. ( )ii(* of till' (Nu licst of tin* •'roat hooks 
([(‘aliiii' witli the tuuoiioii^ is that of Pi’ofcS''or 
liain, “ 'riio iMuot ions and t ho Will ” ; ami t ho t it lo 
is vvoitli roiuom hormjjc if only Ix'oaust* it suyo-t^sls 
th(' iinpiMtanoo of omotions in rolalion to tlu' 
will, or, in ollior uord'i, in relation to aotiem. 
Host of all is it lo not(‘ th(' imsanirig of the 
A\oi'd ami to ohscavi*, in j^imiual, that motion 
is associated with (unotiou,- Hmt since Hr<d'ossor 
Haiti’s tlay a now li.ohl has Immui thrown u()(»n 
this subject by the I hoory of (‘volulion. Wo arc: 
able to turn to the lower animals ami to stmly 
in them, not of course tlu ir emotions directly, 
since w<* can never diiTstly communicate with 
anothtu* consciousness, but thost' acts which 
af(‘ associated with their emotions. In otlau- 
woi'ds, w(‘ be^in by considering/ the emotions 
not as w(‘ have (‘,\})('rienc('d them within our- 
selves, not Ijy th(* oId<u' tmdhod of ini rospcct i<ni, 
)>iit by th(‘ newer method of objeetivo stiidw 

Emotions and Instincts arc One. 

The ^reat discovery whieh ive have to recognise is 
that what we eall //es7//e7.s are theohvious as|)eets 
of emotions. Not oidy do tlu' two go (ogetlna’. 
but they an' essentially one. Now, what is an 
instinet. looloal at objectively ? Aecor<ling to 
Spene(‘i-, it is a “compound reth^x action.” 
More (ban this, it is a eom|)ound reth'x aelion 
wbicdi is not tlu' product of individual expel ienc<‘, 
but. in the animal or in the hahy, has the saim^ 
residts in furthering the life of the ereatnre 
as if it had had individual e\|)(‘rience. In other 
words, the nervous system is so const rueted - 
by inlu'ritanci* and nid as a result of experieiu-e — 
that, in given (’irciimstanees, (wen if t}u*y h(^ 
entindy new in the jU'rsonal exjierience, tln^ 
en'atun' acts in a fasliion whi«*h subsiuves 
either his oAvn lib' or that of his race. 

It is hen' impossible to go int(> the subtle 
question of the origin of instincts. We must 
simply accept the fact that each new ercatuvt' is 
ahk' to perform instinet ivt* or compound retlex 
actions wdiij'h liave a definite value for himsc'lf 
or for Ids spi'cies, even though he has no 
individual ('xperiiujee of his own to serve in 
directing those actions. W(‘, also, havi* instincts 

the instinct to avoid a motor-car or dangt'roiis 
lieiglits, the love instinct, tlio instinct f<»r 
})Ossession of ‘‘ portable property,” and many 
more. Ihit avIh'ii we examine our own instincts 
we find that these experiences of ours are 
ae<'om|)anied hv a particular state of ndnd, 
and this we call an cviolion. We instinctively 
avoid the dangerous motor-ear ; at e(*rtain 
times wo instim't ively seek the eomi>anv of 
others. Hut these ex[)eriences and actions uro 


aeeom])ani(‘d by (unot ions. As (‘aeh of us reasons 
fi'om himself to his hdlow-iiK'ii, to savages, to 
ehildi’cn, and t o tiu' lowau* animals, the eonelusioii 
must be r(‘aclii‘d that, at })ottom, rn/ofioiis (ue 
thr (terntn /xnn nnnfs of (ho.sv j)h.t/sn)- 

hiifti ftf or phi/sirof ordotis tchicli in call iiisiinrtin:. 

Emotional Accompaniment of In^ 
stinctive Acts. In man the importance of tb«'> 
emot ional aee<>m])aniiiu‘nt has eonu' vei-y greatly 
to exci'cd till' importanct' of lb(‘ inst iiiet ivx' act. 
itsidf, and for 1 be re.ison that, in virliu' of our 
iiitelligmvM' or r(‘asoii. w(‘ aie now' constantly 
in* tb(‘ habit of inliibiling tiu'sc' inst inet iva*. or 
compound rcHex actions by means of tlu^ 
activity of liiglicr ci'nlrcs. in the fashion, alr^'ady 
c\j)laincd and illusl rated. Hut though tht> 
instinctive art ion may be probibitcil or inhibited, 
its t'luotioiial accom]>aidmt‘nt remains, and plays 
a vi'iy large part in our (‘.xperiimce. 

l‘’or manv decades psyidiology has ti'cated 
of tile instincts of miimals and the emotions of 
men as if lhc^«' wiuc two indcpiuidcnt subjcids ; 
and it is a very gri'at advanci' imh'cd for us to 
recognise', as all psycliologists now' do, that 
tlu'sc arc really opjiositc' as])ccts of ont' and tlu^ 
same subji'ct. In our own ease' wo fed the 
(‘motions and lay tlu^ gix'alc'st sti'css upon 
them, tlu' inst incl iv(^ actions lu iiig offi'ii 
inhibited aitogc'tlu'r, and tlu' more so in tbouglit- 
fid pi'ople, such as w'litius and read(‘is of 
psycliology. Hut wli(‘n studying tbi' lower 
animals wi' cannot fcid their emotions, though 
w<' st'(‘ the instinctivi' actions which tlu^y 
accoiupany ; and so, in. this cast', it is upon 
thes(' last th.it tlu^ greatest stress has been laid. 

Emotions and Organic Sensations. 
Now', in order to understand the modern (;on- 
eeption of the emotiims, it. is rn'cessary lo point 
out that, alike in the ease of Uk; lovsx'r animals 
and of ourselv('s, iiistinetivo actions, such, for 
instance, a.s that of tlight from danger, are 
aeeompaiLied by a number of changes —actions 
of sorts — within the body itself. The heart is 
ath'eted and the size of tlie bloodvessels, tlm 
bnadhing and the skin. In the ease of tlight, 
it can be shown that all tlie many changes 
whieh oec'ur in tlu' body and whieh we say 
are caused by fear, tend, if thc'y be not excessive, 
to serve the act of tlight and make it more 
elfeetive. Tn ordi'r to fly or run very quickly 
the breathing and the action of the heart must 
Iw aeeek'rati’d ; large quantities of blood must 
jMYiir rapidly through the organs which are 
being used - ets., the? musek's of the liml)S. 
Blood is consequently wilhdraAvn in large 
meiwuro from the skin and tlie glands. Hence, 
the skin becomes cold and pale, tlu? mouth and 
throat become dry, and if, at such a moment. 
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it is sought by food to excit(' the How of saliv'a, 
it is found that the glands in question are 
unable to produce their secretion. It might 
easily be sliown by many illustrations in the 
case of other emotions how other serit's of 
modifications arc produced, which tend to elYeet 
the perforinanco of the corresponding instinc- 
tive action. Furthermore, common to all 
lunotions is a series of bodily chang(‘s whic h, 
unless grossly exaggerated, tend to mak<‘ the 
body more effective in piuforming the instinc- 
tive action which will scu'vc cither its own end 
or, in the case of certain emotions, the end of 
the species. 

What is an Emotion ? Tpon the.se 
things all psychologists an* now agreed, and 
there remains the one v'ery interesting (jm'stion : 
VVHiat exactly constitutes the* emotion ? Now. 
in seeking to answMU’ this (picstion the lirst thing 
that strikes us is that, in addition to the .scii.sa- 
tion of the external object in que.stioii, and in 
addition to the externally direetc^d action 
which is thus produced -an instinctive or 
compound reflex action — there are all thesci 
internal changes witliin the body. Now, since 
we have already noted the existenc(‘, of tlu? 
so-called internal or organic stuisaiions, may 
it not be that what we call an emotion is simply 
our appreciation of certain changes in our 
internal or organic sensations, tlu'so changes 
being induced by the various inl(U'nal bodily 
changes which, as we have seen, accompany 
instinctive action. We have aln^ady noted 
that feeling -tone is very prominent in connection 
with these primitive and deeply rooted sensa- 
tions ; and, of eour.se, we know’ that fccling- 
tone is a very prominent fact of emotion, as 
we hint when we speak of an agony of fear or 
an ecstasy of joy. 

A Twenty Years' Controversy. 1’hc 
theory of the emotions which has been hinted at 
was prot>oundi‘d more tlian years ago by 
Professor William Jaimes, the illustrious psycho- 
logist of JTarvard I nivcrsity. A similar tlieory 
was also advanced by the Clerman student Lange, 
and so this is sometimes known as the James- 
Lange tla^ory of emotion. For 20 years it has 
b<*cn the subject of never-ceasing controvcr.sy -a 
fact winch in it.sclf is (piitc siinicienl to .suggc.st 
that the theory is well worthy of our study. At 
this date, indeed, it may eonlidently l>e said that 
this brilliant theory is now well on the way to- 
wards establishing itself. According to this 
theory, then, an emotion consists in a perception, 
as a united whole, of the sum of organic .si^msa- 
tioms due to the internal changes whicli an^ 
reflexly producc;d in us by the object or eau.se of 
our emotion. It is well worth noting that the 
theory has been misrepresented as if it were 
asst^rted that “ an emotion is but a sum of organic; 
sensations.” It is more than that ; it is the 
union of all these organic sensations into one 
perception or percr'pt. 

Do We Cry Because We are Sorry 7 

Let us quot^e from Professor James : “ The 
feeling in the coarser emotions results from 
the bodily expression. Our natural way of 
thinking about the.se emotions is that tht; mental 


perception uf .Home fact (excites the mental 
affection calk'd the emotion, and that tliis 
latter state of mind gives rise to the bodily 
exprcs.sion. My tlaory, on the contniry. is that 
the hoditj/ chan^jefi ff>Uow directly the perception of 
the. exritiny fact, and that onr fceliny of the .same 
change.^ a.'i they occur fS the enudion. (Vminion- 
seiise says, we lose onr fortune, are sorry, and 
weej) ; we ima't a Ix'ur, are friglil^'iicd, .ind 
run ; we are insulted by a rival, an* angry, and 
strike. The hypothesis luav to lu* deh nded says 
that this order of .sequene<“ is ineoneet, that tin; 
one nu'ntal state is not immediately induced by 
the other, that the bodily manifestst ions must 
lirst 1 m‘ interposed between, and that the more 
rational statemi'nt is that \v(‘ fe<‘l sorry Ikm snse 
we cry, angry bf'eaiise we strike, afraid IxTMUse 
we fremhk', and not that w(‘ eiy. strike, or 
trembk* lieeause we an' sorry, angry, or fearful, 
as the eas<' may be. Without the bodily statics 
following on tin* ]>ere('ption, the latter would Ix' 
]>urely eognitiva* in form. })ak'. et>lowi l(*ss, desti- 
tute of emotional warmth. We might tlieii sex; the 
Ix'ar and judge it lx*st to run, n*e.eive tin- insult 
and dt*em it right to .strike, but we should not 
actually feel afraid or angry.” 

Support of the Theory. Professor Janu's 
proceeds to point out that, notwithst.inding 
a|)])arent olijeetions to this theory, yet “ |)ar- 
ticular |M.'re(‘|>tj()ns (‘crlainly do jirocluce \vid<‘- 
spnxid bodily ('llcets by a sort of imme<li.alo 
physical inlliu'iicc, antecedi'ut to the aron.sal of 
an emotion or emotional idea.” He ipiotcis in- 
stances from listi'iiing to [xietry ami hearing 
music, and goes on to say: “If we abruptly si‘<‘ 
a dark, moving form in the wcxxls, our heart 
slops beating, and w(* eateh our bri'alh instantly, 
and before .any aiticailate idi'a. of danger can 
ari.se. If our f?i( rid gix'S lU'ar to th<‘ (xIlm' of a 
precipice we get the well-known feeling of ‘ all- 
overi.shness,’ and we shrink bnek, although w»' 
]x>sili\a*ly know him to be safe, and li.ivt* no 
distinctive imagination (»f his fall ” The pn^stait 
writer kmnvs a. lady and her* braitlua’, neilhta' of 
whom (am permit a fiii aid to lean oV(T a harrier 
at any height so as to look dowm. Kvi'ii wlua'e 
tliere is ahsoluti'ly no danger whateva'r, and 
where then' is absolutc'ly no hair, tin; nu'n* sight 
of what in other einaimstanees might constitute 
danger directly jirodiiees a painful emotion, thus 
continuing Professor .lames's tluany and showing 
that eijinmon-sense is wrong when it says that 
we tremble bceausi' we are afraid. 

Medical Proof. I’rofessor .lames got's 
on to adduce murh furtlu'r evidiaice in favour 
of his theory, lie shows that (‘very one of 
th<; bodily rhangi'S, whatsoeva'r it- he, is felt, 
acutely OP ob.seurely, the monnait it occurs. 
This may seem an exei‘ssiv(' stateiiK'Ut, y(*t it 
will be found to be true by any oiu' who cares 
very carefully to observe his own ex]K;riences. 
An(*>ther powerful argument is fuinislu'd, to quote 
Professor James, “ by those iiathologieal ea.se.s 
in which the emotion is objectless ... In every 
asylupi we tind cxamiikis of absolutely iinmotivod 
apathy which fX'rsi.sts in spite of the best of out- 
ward reasons why it shoii Id give way. ’ ’ Pema rk - 
able jiroof of Professor James’s theory is furnished 
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to tho medicHl mind by tlie symptoms of the 
well-known dis(‘ase whieli is called mKjhia. 'per- 
lorifi. In tills disi^asi^ there, occur sevi're attacks, 
which are due to some embarrassriKmt of tho 
heart, and which produce the following picture: 

'riuis, to take one special instance, if inability 
to di’aw d(M |> breath, lluttiaing of the heart, aiul 
that ])eculiar I'pijiastric change felt pna ordial 
anxiety j popularly, ‘that sinkint^ bvling ’J 
with an iii’esistilile timdency to take a soim*- 
what crouching attitud*' and to sit still and with, 
p(*iiiaps, other visceral proci'sses not now knoun. 
all spontan<‘oiisly ocevn- tegi'llier in a c(‘itain 
]>er.son. his f('(‘ling of their «‘ornbinal ion is tht‘ 
(’motion of dnad ; and he is tlu’ victim of what 
is known as )n<n‘hi(f jmr . . . tin* emotion 

lien’ is notlnnj^ Vmt tlu' feclinii: of a bodily state, 
and it has a purely bodily eans<;.” 

A Cure for Passion. \V(‘ may fjuote 
some ])ractical illustrations which '-how the 
truth of this tlu'Dry. “ Kva'rvone knows how' 
panic is iiicn’ased ])y tlieht, and how the 
giving way to tlu’ symptoms of grii'f or anger 
increases those passions themselves. Each lit of 
sobbing makes the sorrow mon' aeuti , and calls 
forth anotlu’r lit stronger still, until at la.'^t 
iX’poc^o only ensues with lassitude and with the 
apparent (‘xhaiistion of tie* machinery. In rag. , 
it is notorious how we work ourselves up to a 
climax by repeated outbreaks of e.xpression. 
Hefuso to express a passion and it dies. Count 
ten before \<‘nting your ang<‘!\ and its occasion 
seeins ridiculous. Whistling to kei’p u]) courage* 
is no mi’i’o tigun^ of sjH'eeh. On tlu' otlier hand, 
sit all day in a mo])ing posture, sigh, and n'ply 
to (‘veryihing witli a dismal voiei', and your 
melancholy lingers. Th(*r{‘ is no move valuable 
prcc(‘pt in moi'al education than this, as all who 
have expi’rienced know': if wc’ wi^li to compier 
undesirnhh' emotional tiuuh’neies in ourselvi’s, 
we must assiduously, and, in tluj lirst instance, 
eold-hloodrdly, go through th<’ ontmud nmcc- 
ineiit.'t of those contrary dispositions which 
w'e prefer to cultivate. The reward of ]M‘r- 
sistene.y wall infallibly conu', in the fading 
out of tho sullenness or de]>ression, and tho 
advent of real ehoerfulness and kindliness in 
their stead.” 

These (piotations have been carefully chosen, 
and w^e would direct attention to their authorita' 
live character. 

Emotion in Animals. Various ex]>eri- 
ments have la'cn made in order to test the truth 
of Professor James's theoiy. It was found by 
J^ofessor Sherrington, of Liverpool, that when 
the nervous system of a dog was so interfered with 
that its organic sensations could not reach it^ 
brain, it still exhibited the symptoms of emotion. 
Hence, it has bei'u concluded by opponents of the 
theory that these ex])crimcnts “ show' conclusively 
that normal (unotional states are possible, along 
with complete viseeral amvsthosin.” Hut this 
assumes that because such dogs dis]ilay the 


instinctive response, there foio they experience the 
emotion. Doubtless, however, tJic professor’s 
theory is true, and they do not ex])erienee the 
emotion ; the exj^wiments are absolvtely con- 
sistent with the theory, and are strietly parallel to 
the eases which Profe-i.-or James rjiiotes wliero 
loss of organic sensation in llie insane was 
aeeompanied by absence of emotion. In thi'se 
eas('s the bodily (‘xjiression of the c?nntkms so- 
ealh’d, or ralliei* the bodily elianges w'hiiJi 
t'lnotions aeeompanv, are produced, though the 
onnfitnts fh( tusrl re. s are not felt. 

For further eonsideratiem of this gi’i'at theory 
the read r must be referred to its author. 

The Power to Reason. Tlie greatc'st 
of all po(Us has expri‘ssed, in a famous passage, 
th(‘ eharaeteis wliiih most distinguish the 
liuman race. Thus says Hamlet, “ Wliat a 
piece of w'fuk is a man I How' nobk’ in reason ! 
How inlinit(* in faculties! lii form and moving 
how (’Xpress and admirabh* ! In action how like 
an angel ! In ajiprelu’nsion how like a god ! 
'I’he bi’auty of the world ! 'riu* paragon of 
animals ! Now', if is a. Y(‘iy eommon view*, 
nu‘1 moF(' es])ecially amongst young jiorsons 
of both s<‘xes and amongst women generally, 
that man's reason is the noblest of his attri- 
bub's. 'I’his, howev(’i\ licit luT tlu* jisyehologist 
nor the moralist can admit. J’he moral nature 
of man is nobler than his intelk’ctual nature. 
N<‘v<*rthel(‘,ss, without his reason lu* is ineom- 
])](’tely human, and therefore the subject 
demands close study. 

The “Facuhy'* Psychology. Not 

many years ago, students of mind had llio 
trick of ilividing the mind into a sort of series 
of wati'rtight eompartm«‘nts. They spoke of 
th(^ faculty of reason, the moral faculty, and so 
on and so on ; while nowadays we rather 
contemptuously talk of their comieption of the 
subject as ” the faculty psycliology.” It was 
based upon notions wliich are akin to those 
of tlu' old pljrenology. Just as Gall and 
Spurzheiin dividi’d the brain into a number 
of dillerent jiortions, each with its own faculty, 
HO the older psychology divided the mind. Hut 
now', though lliere is no objection to tho occa- 
sional use of the word faculty for convenience, 
we must never permit ourselves half-consciously 
t<o aecept the assumptions which it^s former 
use expiessed. The processes and characters 
of the mind cannot be divided into faculties. 
Directly wa^ come to analyse any one of them 
we find that it is inexplicably mixed up with 
and compounded of all the others. We must 
beware of retaining the old erroneous idea, 
while rejecting tho old terminology. Having 
ce^ased to talk of the reasoning faculty, tho 
volitional faculty, and the moral faculty, we 
inu.st not speak of reason, will, and moral feeling 
as if these were truly independent entities. 
That is not tho way in which the mind is con- 
structed. 


Continued 
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By JOSEPH G. HORNER 


lyyiOULDS cMnnoi he miub* Avitlimif hoves or 
flasks of senno kind. Tlu‘iv is (nily ou<‘ 
oxcojilion to this— those inouhls madr in opm 
sand. But thi'se are a mere liilit' in eom> 
paiison ^vith the Avork doiv* in boxes, 'riuy 
KMpiiiv little skill, and are rt'scMved chiefly for 
the making of llu* moulding boxes (hemselves 
and the roughest class of foundry fools, as ciuv 
])lates, core rings, grids, lifters, and such like. 
A moulding box is essentially an o|Kai frame box 
for enclosing and eonlining tin* nuaild. ll may 
b(‘ made of stout wood, as is som(‘times the ei\s«‘ 
both in iron and brass foundries, esjieeially in 
America, but it is generally made of iron. Boxes 
are subjeef to great stresses, flue to the bard ram- 
ming of th(‘ sand witliin, the pressure of molten 
metal, and th(' twisting strains diu' to tbe^ 
handling and fuming ovm' when loaded witli 
sand and eastings. For this reason they are 
made stout and strong, 

Then, furtlier, siiu‘e tlu' earrying of a large 
mass (»f sand by its simple friction within the 
.sid(*.s of tlu‘ box would be impossible in tliosf* of 
large areas, eross-bai’s or stays an' madt' to 
rc'aeli across from side to side at intervals of a 
few' inches. Also, since the adbesifin of the saiul 
is much assisted by rougli surfacf's, tlie boxes 
are ])urposeIy east Vf'ry rougli, and, in fact, their 
inner faei's and the surfaces of llu! bars an* some- 
times artiiieially rouglienc'd over. Then ])ro- 
vision has to be made for uniting tiu* box ])arts 
of a set to one another, and also for turning them 
ovei. Other provisions an* made in some <*as(‘s, 
such as llange.s for hack jdales, lioles for core- 
bars, for core-vents, eU?. 

Forms of Boxes. The forms of iioxes vary 
in almost every eoneeivable w ay. They are most ly 
rectangular, being both square and uldong. But. 
many are circular, some jiolygonal, anfl a few 
for special purjiuses of various (jdd sliajies. 


M’bereare seviu’al eoriditioiis by wliieli tlu* forms 
of box<‘s used for dilVerent jmrposes are governed. 
'I hns, when j)att(‘rn> are moulded by In clding-iu, 
by turning over, and in midille jiai ts, eoi respond- 
ing dilTei’t'nees in tIu' form.' and linings of the 
boxes are necessary. \\ lu'U a }ialt(‘m is moulded 
by Infldimj-ln, a toj) box alone is used j 108, Aj. 
'I'haf is, tb(‘ whole or a ]iort i<'in ol t he paltiin will 
be ramnu'd in tlu' sand tlial forms the floor of Ibe 
foundry, and if.s fi>p faei* only, with such })orlio]i,s 
as may happen to proj«-et from that upp«a- face, 
w ill be fonm-d in t lu* l)o\. 

In tli(‘ ligure. a re})r(‘s('nts tiu* stays or liars 
whieli serv<‘ t«» I'l tain the sand seem* ly from die 
cbanei' of tumbling down, assisti'd liy ‘Mifters,” 
wbieli are siispiMided iVom tlieir top eilgi's [102, 
])ag<‘ ‘Jot 1 |. TIu' hot tom ('dg(‘s of the l)a.i s aie ki^pt 
liaek a little way or I in.) fiom tlie joint fm^e 
to give room for a stratum of sand, and tlie i-dges 
are eJiamfered to allow tlu' ramming wliieh takes 
j)lae<' Ihrongb llu* top to )ia\e full el’feet umh r 
the liars, wliieh it would not do if they weio. 
squaie. 

Boxes for Turning Over WorR. In 

all moulds that are made l>y tiu* proei'.ss ol 
tunihuf inur, the boxes eorlsi'^1 of two or more 
parts. Boxes that are used in turned-over work 
ar«‘ ne(‘(‘ssarily div ided, and l!)e number of tbmr 
joints eorrespojids usually, tbouglinot invarialily, 
with the nuinl)' r of joints by which the mould is 
(lividetl. When a liox is in two si'ctions only, 
tliose two may be perbs'tly synuneirical and 
alik(‘. or their bais may be (jf dillen n1 foiins, and 
varion-'ly arranged. W ben a liox is divided into 
more than two jiortions the niiddle })art or parts 
alway-^ rfilbrs from the (op or bottom, being 
usually destitute of stays. hi 108, while A is a 
top, li is a middl(‘, and F a bottom box, or drag, 
B is destitute of bars, C has flat ones. ^I’bo 
si'clion of the standard form of unsymm<‘trical, 
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two-parted box is when A is placed on C. In the 
threo-partcd, B comes between A and C. Tlie 
shape in plan may be square, as shown, oblong, 
circular, or any other special form. Observe the 
difference in the shape of the bars in A and C. 
Since the part C rests oipon the floor, there is no 
risk of the sand fjilling down, as there is in tlie 
top A, w'here the sand is liable to fall into the 
mould. The bars in C are, therefore, simply flat, 
and they keep the body 

of the sand in the box ' 

distinct from that on the 
floor. But the bars in 
A serve to support the 
moss of sand above the ^ 
mould. B lias no bars, 
because they would be in 
the way, the centre jjor- 
tion being occupied with 
the mould. But as it is 
necessary to give some 
support to the sand 
surrounding Ihe pattern 
there, in middl«\s for 
jobbing work internal 
fillets, e, arc cast around 
the inside. Upon these, 
rectangular rods of 
wrought or of cast iron 
are laid, and lifters hung 
or placed to afford sup- 
port to the sand. In 
middles used for standard 
work, bars are often cast 
across those sections where they would be out 
of the way of ihe pattern. 

A and U are furnished with the usual swivels h. 
But in middles, B, and other boxes of small 
dimensions, say below 2 ft. bin., square handles, 
d, are frequently cast, the boxes being lifted off. 
and, if necessary, turned over by hand. 

Figs. 109 and 110 illustrate Uvo top box parts 
in i)lan, square, and round 
respectively, and show the 
arrangements of bars usual in 
boxes of large dimensions. 

Fig. 110 is for wheels and 
pulleys, and the central opening 
is left for easting the boss 
through. 

Some Special Forms 

Boxes specially for small work 
are shown in subsequent illus- 
trations. Fig. Ill is a small 
box destitute of bars, and 
having only internal fillets to 
retain the sand. The drawing 
also shows the pouring of a 
handwheel. Fig. 112 is a box 
used largely by brass-founders. 

In these the sand is retained without ribs by the 
angularly recessed sides, assisted by the internal 
ribbings, a, cast in. This type of box is tilted 
at a slight angle from the perpendicular, and 
poured through the holes 6. 

The ancient type of brass-moulder's box, re- 
tained still in most shops, is shown in 113. This 
also is poured on end through the holes seen. 


n‘ 




109. STANDARD SQUARE BOX 


The box parts are held together by the wooden 
screw clamps and back boards, necessary to 
retain the sand during pouring. Very often the 
boxes themselves are made of wood and binged, 
closing like the covers of a book. 

Fig. 114 illustrates one of the later develop- 
ments in boxo.s, the “ snap ” flask. It is bing^ 
at one corner, and clamped at the corner opi)osite 
with a catch, so that after the mould is rammed 
the box is opened as 
indicated by the dotted 
outline, leaving the mould ' 
on one of the bottom 
boards. The great eco- 
nomy of thi.s is that 
moulding boxes arc not 
used to enclose the mould 
after its removal for cast- 
ing. A ring of iron is 
rammed in the mould, 
and sustains it when out 
of the box. In this way 
one box will serve to pro- 
duce dozens of moulds 
ready for casting. Thi.« 
method is, of course, 
suitable only for small 
moulds not exceeding 
about 12 or 15 in. 
across, but within these 
limits it is largely em- 
ployed. 

Castings in Various 
Alloys. The differences 
making moulds for iron, steel, brass, 
and of much 





110. STANDARD ROUND BOX 


between 

and aluminium are considerable, 
practical importance. 

I’he facts of crystallisation and shrinkage lie 
at the bottom of tlu'se. Precautions that are, 
to say the least, judicious in iron castings, 
become more im})erativo in steel because of 
its larger amount of shrinkage. The first points 
to observe are uniformity of 
w'ctions in adjacent masses, 
the avoidance of keen angles, 
and, after that, regular rates 
of cooling down. The crystal- 
line formation of cast iron is 
not affected to the same extent 
by the internal stresses set up 
by disproportioned adjacent 
masses as that of steel is. If 
an iron casting be pulled and 
stressed in this way the chances 
are that it will break, being 
torn asunder by these stresses 
in cooling. But steel is so 
strong that though it may also 
fracture, it is more likely to 
crack simply, or to become 
distorted only, the parts subject to tension 
stretching and yielding. 

This is alwa 3 rs observable in castings in 
which massive and slight portions lie ad- 
jacent. The heavy masses shrink apparently to 
more than the normal coefficient of shrinkage, 
and the lighter masses less, with the restflts 
just mentioned. 
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Lessening Evils Due to Shrinkage. 

The effects of shrinkages on steel castings are 
ininimisecl in various ways. A common method 
when a casting is shrinking haicl against a 
portion of mould, or of a core is to loos(‘n or 
remove it as soon as ])ossil)](‘ after tlie imdal 
has set. Akin to this is the 
uncovering of heavy port ions 
of moulds, os])ecially of 
thick bosses, to hasten the, 

<lissipaiion of heat Ihen'- 
from, leaving thinner parts 
adjacent still t*overed. 

Another is to slreiigtluai 
weak s(‘etions C'itlier by 
thickening the metal, or by 
(‘asting largo ra<lii or brackets 
in. ^riie latter arc g(‘nerally 
prefcTrcd l)(‘caus(‘ tiu'y do 
not ])roduee “draws,"' as a 
thickening of the imMa! is 
liable to do. '^riie (‘\ig(*neies 
of st(‘el shrinkages ar(‘ re- 
sponsible' for the addition 
of large numbers of tlu'se 
brae-kets, which nro insert e*e I 
at tlu^ judgment e)f tlie 
inouldiT en* tlie; feiremau, 
aelditieins whieb are praedi- 
eally non existe'iit in iron- 
founding. 

As, thoi’efore, the shajie 
of a easting eanueit always 
be altered at ple'asure in a 
radical fashion, we; sex; that 
the following courses arc 
open. 

Lessen the thickness of 
the bosses, increase; tlie radii eif tlv tilleds 
e'veiywlu're, and increase tlu' size and nundu'r 
of tlie brackets in the angles. \Vhen j)ea*e*s- 
sary, cast a niindjeu- of lu-ackeds similar tei those 
on the flange's of tank-plate*s, simply to reinforce' 




This is done either through the runner, or, better, 
through a rist'r. The ine'tal must be poured 
dull, and epiiekly. But brass eastings are; mit 
liable to fraednre' as those of iron arc. 

'Ihe; re'sexirehe's eif tlie “ Alkiys (’ommitte'e” 
bear out and lu'lp to explain faeds that have; 

always be-eii known in tlu; 
foundry in ivgard to the 
heat at whie'li medal is 
pourt'd, lied, uK'lal “ and 
" ce lie! metal “ are in re-gidar 
re‘e|Ui‘st, 111 e-asting alumi- 
nium, I lu' elilTe're'Uee' tie'twe'eai 
pouring at a low re el anel at 
a bright re-el he*. it e-llee-t 
lueisl raelie-al elith re iu-c.N in 
the j)hvi«*.d propirlirs of 

the e-Msliug-^. Aluiniuiuiu is 
ail e-xe-eption to tlie rule 
which iivtiilounelcrs have* let 
re-g.irel striclly- that luctal 
TUiist he* Ihoretiighly uu*lte‘el 
anel hiought into a pe-rh'<-tly 
lluiel state*, e-ve-ii though it is 
suhse'epie*ully poui'i'd "elcad," 
or " cold.’’ 

Weights of Castings. 

d’e) he* able; to estimate* the; 
we’ights of eastings eorre-e-tly 
is of \‘aha; to a ine>uieh*r. 
'Pel have* iiisuf'lie-ie-ut me*t.«l m 
the* ladle* is as ine'xe-usable; 
an e*rror as having a. gre-at. 
el(*al text luue-li. tei be* petnre-d, 
p(*rba])s. upon the* Ihior. Hut 
as tlie*re is little' time fetr 
V(*ry ae-eurate* ealeulatietu iii- 
veilving a large* !mmbe*r etf 
to aeepiire* the. prae-tie-e* etf 
striking rapid ave rage's, and using a lew eeuumetu 
and readily reme'jube're-d tigure*s and muitiplie'is. 
Kxae-t' nietlmds ed eale-nlal iem, whie*b in ease's 
wlu'ie; great e-xaetitude* is re*epure'el. are, not 


figure's, it is 


ell 
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to a superficial plate by obtaining the circum- 
ference and multiplying that by the length. 
If the metal be thin, and the diameter large, 
no very appreciable difference will result from 
taking either internal or external diameter from 
which to deduce the circumference. But in 
proportion as the diameter diminishes and the 
metal thickens will the discrepancy increase. 
Hence, it is necessary in order to obtain correct 
results that the avcmr/c diameter be taken. Then 
that may be multiplied by 31, or by 3T4159 for 
circumference, ora proportion sum be made thus: 

7 : 22 : : diarn. : circum. 

Multiplying the circumference by the length 
and the result by the thickness gives the solid 
contents. Having a conical cylinder, the average 
diameters at eacli end can be taken, the tur- 
curnferences d(;duced, these mult.iplied by the 
thicknesses, the two products addt^d together, and 


divided by 2 for the average result, and this last 
multiplied by the length for the total solidity. 
Or the average diameter and thickness can l)e 
taken at once and multiplied by the length. 
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[I \ \ 113 . BOX, WITH BACK BOARDS 

lj|u \ A^^l> CLAMPS 

ij/ \ Another Method. Another 

|i^ y way, though not (piite so ready, 

V A is to deduct the area in 
•jll' \ inches of the inner diameter 

ij j) 1 ^ from the area in inches of 

II I \ ^\\ the outer diameter, which 

j|j j ✓ v'' gives the area in inches of 

■X— the annular ring included 

- _P- -j between them, and this, 

^ ^ then, is multiplied by the 

^ length. To obtain areas of 

' , ' circles, the exact rule is : square the 

C diameter, and multiply by *7854. To 

' ^ ^ ^ obtain areas mentally an approximate 

method is to square the diameter, and 
deduct \ from the product. In a plate 
12 in. diameter and 1 in. thick, this would 
produce an error of only 2*3 in., or a little 

L over J lb. in weight. 

AfkT a pattern has been divided up into 
sections, and each calculated, the mm of the 
_ cubic inches is taken, and multiplied thus : 

I Exact ; Cubic inches x *203 — lb. Approximate ; 

amount of 1'8 lb. on a plate 12 in. square and 
r.S> _ 1 in. thick, being that much below the correct 

•' weight, but is accurate enough for work not 
very heavy. Or allowance can be made thus : 

and add of the product, which 

J will give exactitude again. The difference be- 

tween using *263 and *26 is only equal to *4 lb. on 
a plate 12 in. square and 1 in. thick. For bringing 
' pounds into cwts. *009 is simple and correct 
Continued 
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By Professor JAMES LONG 


SELLING LIVESTOCK 

llie sale of tluj livestock of (he farm is mtich 
loss (‘asy and satisfactory than the sale of oorn. 
With samples in his ])ockots, tlu^ farmer may 
visit the corn cxcliaiig(^ in any iK'i^iibonriiij' 
market tr)wn, or milli*rs and (U>rn mcrcl)ants, as 
lio may jnd^o host, hut in tlic^ sah* of Iiis hvcstoi k 
mucli more is involved in the, form of labour as 
Avell as in tin* form of jud^nnmt. A sam])l(^ of 
corn may and slionld realise its a<‘tiial vahi(‘, for 
its valuation is com])arativ('ly sirnph*, but. both 
fat and stort' cattle, lik(‘ milking cows, an* almost, 
invariably valuc‘d on a dilferent basis by diiTcreiit 
individuals, and allhoiigli a jirico is nltimat(‘ly 
arrived at, Avh(‘thcr at the auction mart or in tlm 
mark(‘t, or as between a buyer and s(‘ller, th(‘re 
is seldom the same satisfaction as a rt^sult of a 
completed trunsactij)n. 'Phis is owing to various 
causes, as, for (‘xamjde, tin*. w(‘igl)t of the, actual 
carcas<* of a fat animal as bnlch(U‘’H meat, its 
(|nality, Avbicli can seldom b(? determined with 
real aoeiiracy whih' llu* animal is living, tin* 
value of tiu^ otTal, and the actual market value 
])ei‘ stone, ])er score, or per cwt. It may be 
added, too, that tlu^ weights of l)east ^ as <d d«*ad 
meat/, are reckoned in dilferent terms in dincrent 
parts of the country. In one district both farmer 
and hittehor think and ealeulate in stomvs ; in 
others, in scores ; in others, in ewts.— these being 
inen^ examples; and Avhen^ tin*, buyer estimates 
weight or value in one tttrm t>f tigures and the 
seller in another term, the ditlieiilty becomes 
more complicated. 

The Auction, We may brielly assumes that 
there are four methods of selling livestock— hy 
auction ; in the o])en market or fair ; direct to the 
dcjaler or tlie butcher on the fann ; and through 
the medium of advertisement. J’he auction is 
now a very general institution. It is \isually con- 
ducted by an independent amdioneer on mark(‘t 
day, this gentleman running the business for bis 
owm profit ; but in a small number of eases farmers 
have combined, and run an aiietion of their own 
\vith the cc-operation of a paid auctioneer. 'Phis 
plan is generally a good one, and should be 
extended in all parts of the country. The aue- 
tioneor has notliing to gain by leaning to Iht^ 
dealer or encouraging rings of dealers and 
butchers, which he is sometimes obliged to do 
when working on his own account, in order to 
secure and retain their patronage, for without 
the attendance of dealers many auctions would 
quickly go to the wall. Unless an auction sale 
is well attended, it is next to useles,s for farmers 
to send stock, even though they place reserve 
prices upon them. The buyers at the auction 
are chiefly dealers, butchers, and farmers. The 


butch(‘i-s biiy for slatighlcr, the dt alers for n'-salc 
to tli(*ir eusPmuMN -fnrnu rs and butclicr.s alilo* - 
or snmctiiiK's for tlu^ p\irpo.M^ of taking their 
])urehases ti) other markets where tiu y anticipate 
realising higher prices. This pkm, however, is m 
matter of speeiilation, and is jusfilie<l only hy 
tin- in<ellig(‘n<‘e ami e\p(‘r(n(‘ss of the de-iler. 
The stock S4‘ilt to tin* am lion mart ehielly consist 
of horses, fat- cattle. ealvi'S. shf*ct), and pig.’, 
stJire cattle and stoii> sheep, find heic farmers are 
fre4|U(‘ntIy fibh* to hiiy breeding sleek, or stock 
for summer gi a/ing or w inter iV.eding. at re:e.on- 
abl(‘ pri<*es and undia- conditions which befon*. 
tin* <*stablishment ot auctions werci non-existent. 
Tt. is fdw'ays wa‘11, how'(‘ver, to k'arn fis far as 
po>sil)le to whom iindesirilMTl stock Ix'longs in 
ord(‘r to avoid being nm np by d«‘al(*r-ow ne/s or 
by ring.-> of de<d»'?'s, wdio sometiimvs combine tor 
this purjiose. 

Open Markets and Fairs. Stock i.-; sold 
ill the open maiio't in almost all market towns, 
and at the oecfisiomd iair.s whieh are held in 
dJlierent ])arts of the count ry. It is, therefon*, 
im])ortunt to a farmer to be sulheienlly near 
seviml mark(‘t, towns that lu^ may be abk* to 
avoid driving his stock long <lis(an(a‘s— a jiraetiec 
whieh involvcvs <‘xpeusc on the oni* hand, and lo'.s 
of condition on tlie other. Fat pigs an* usuidly 
drawn (o market— a. [ikin which should he. fol- 
lowed as far as ]>o,ssi]>U^ w'ith fat. shc(‘|) and 
calves; but, as a rule, 4*attle and shevp, w ludhcr 
in st(»n^ or fat condition, Jire driven sometimes 
long disl.inei's, with tin* result that they may 
fori\i‘ em])ty, perspiring frr»‘ly, wuth dusty, 
ragg-d coats or lleeee.s, jmd altogether unjue.- 
senlable. In such easiis eonsiderahle losses may 
result from a faulty or earek^ss system of manfigc- 
meiit. 'J'o HNilise their full value, stock sent either* 
to market or auction should 1 ki presrmted in 
clean and good condition. Abundant time should 
be allowed for the journey, and, if the animals fire 
allo\v(‘d to graze and drink on the roailsidi^ 
quietly and leisundy, so much the bette.r for the 
result. An aniimd should (‘liter tin* sale ring— 
and the remark jqiplies e(|ually to the open 
market pen — sk‘ek, (piiet, eontent(‘d, mid well 
filled. It is diflieult enough to obtain the value 
of stock under sueh conditions, but it is impossible 
to do HO when condition lias been lost, even though 
the loss be teiiifmnuy. Fat stock is frequently 
sent to the great London and other markets 
by farmers, who plar;c them in thii hands of 
salesmen, but a salesman acting as it wen^ as 
agent is not always to be relied upon. Wbert^ a 
consignment is important, the farmer should 
himself attend the market and see jireeisely 
what happens. 
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Sale of Slaughtered Stock. In some 
cases fat stock are slaughtered on the farm — 
and this frequently happens to swine — and con- 
signed to salesmen in the moat market, who, upon 
application, send baskets for the purpose of 
packing. On application, too, quotations may 
bo obtained as to price, but the farmer will be 
wise to ignore figures, which the salesman would 
himself bo the first to ignore if it pleased him. On 
receipt of the account, the price remitted may bo 
less than the quotation, an explanation being 
given to the effect that the market was bad. or 
that ])riccs had falhm. Again, however carefully 
carcases may have been weighed — and weighing 
should never take place until they have cooled — 
it may be found that the weights as shown by the 
butcher on his act^ount and those taken on the 
farm arc entirely different, and always in favour 
of the butcher. For those, among otlier reasons, 
it is difficult to recommend the ])ractico of con- 
signing carcases to the wholesale market. In all 
cases, however, it should be emphatically under- 
stood that pric’c depends very largely upon quality 
and condition. 

Where cows are sent into the market they 
should bo of the tyjie demanded by the buyers 
of the district. Largo, big-framed cattle are 
preferred, of good quality — a great point with 
many buyers — young, vigorous, healthy, in 
thoroughly good condition, with large, well- 
filled uddors, showing evidence of milk-producing 
wer, and of such quality of flesh as would 
likely to make good butcher’s moat when the 
time arrives for fattening. 

Selling Direct to the Butcher. Wlicre 
a farmer is able to arrange with a dealer or 
a butcher, he will find this one of the simplest 
and best methods of disposing of his stock. A 
neighbouring butcher, w'ho can depend upon 
being supplied with a good article, is often 
willing to i)ay a botti'r price than other people, 
and ho is worth considering and accommodating 
if he is willing to buy with regularity. There 
arc, too, many d<*alcrs who drive from farm to 
farm, and w'ho will call and make regular pur- 
chases if they are liberally treated. It is at 
all times worth eonsideriiig whether attention 
may not bo advantageously givcm to such men, 
and frequent expeditions of master and stock 
to market altogether avoided. In selling to a 
butcher, the stock should be sold by weight, 
and the •weighing of the carcases conducted in 
the presence of the owner, a price )X‘r stone hav- 
ing been agi*eed upon. If, however, the butcher 
prefers to buy at a fixed price per animal, the 
farmer should learn to judge value by weight, 
and in this case a weighbridge becomes essential. 
Having ascertained the live weight, it becomes 
necessary to estimate the carcase or dead weight, 
in accordance with the condition of the animal, 
whether half -fat, or fat. Some farmers are 
excellent judges of weight ; others, with con- 
fidence in themselves, are bad judges, and fre- 
quently lose in consequence of pitting them- 
solves against the much more experienced 
butcher or dealer. 

Pedigree Stock. Where the farmer breeds . 
pedigree stock, or stock of a specially good 

2702 


type intended for reproductive purposes, he 
may find many customers who will pay him 
more than market price for what he has to sell 
through the medium of advertisement. Adver- 
tisements should be frequent and explicit, but it 
is next to u.seless to adopt this method of selling 
unless the stock offered is good, and can be shown 
in fine condition. Intending buyers may bo 
expected to pay visits of inspection, and practi- 
cally the only incentive to complete a purchase 
is given when they see before them something 
which is really attractive, as well as siipported 
with a good pedigree. A really good animal, 
when young and in line order, will sell it-self. It 
is folly to keep animals intended for sale when 
they are at their b(‘st. 

PRINCIPLES OF FEEDING 

Farm animals and their produce are, to a largo 
extent, what they arc made by man’s ingenuity 
in the process of selection and feeding. Down 
the ages through which agriculture has bcofi 
practised, expt^rienee has done much to econo- 
mise production, but it is probable that more 
has been accomplished during the past century 
in the one case, and in the past thirty years, in 
the other, than during all time. It has hitherto 
occupied a large portion of the life of a farmer 
to acquire by experience sufficient knowledge 
for his purpose in the matter of feeding, whereas 
to-day, owing to the results of scientific investig- 
ation, it is possible to master the principles of 
feeding in as few months, and thus to start 
with a definite purpose on practically secure 
ground. A growing plant collects from soil 
and atmosphere materials wliioh it transforms 
into various compounds, and which, when 
(consumed by animals, arc converted into meat, 
milk, wool, and hair, among material products, 
and energy, to which reference will presently be 
nuule. What, then, arc the materials upon which 
plants draw or feed for those purposes ? 

Materials on which Plants Feed. 
vVmong the chief are carbon (appropriated in the 
form of carbon dioxide, or carbonic acid), calcium 
(which combined with oxygen forms lime), 
potassium, sulphur, phosphorus, sodium, mag- 
nesium, and iron. (Carbon, which forms the 
largest proportion among the constituents of 
plants, has been estimated to be present in the 
atmosphere in its combined form to the extent 
of 7J tons over every acre of land, while nitrogen, 
which forms so largo a proportion of the atmo- 
sphere, and which is the most expensive of the 
fertilising elements, is, so far as is at present 
known, directly appropriated by plants of the 
leguminous order alone, such as beans, peas, and 
clover ; the property they thus possess practically 
doubles their value to the farmer. As we have 
already seen, the growth of crops involves on 
all old soils, such as those of the British Isles, 
the application of manure. The principal 
reason whv this application is necessary is that 
throe of tne constituents essential to plant life 
and growth are, so far as their availability is 
concerned, removed from the soil so rapidly and 
so effectually — this fact applies in many oases 
to hme os well — ^that, unless they are returned 
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in the form of dung or ch(?mic‘al f{'rtilisors, tho 
soil becomes exhausted and refuses to grow a 
profitable crop. I’hese materials are nitrt)gen, 
phosphoric acid, and potash. 

Animals arc fed upon foods wliieh exist in 
great variety, f’iiey include the dry fodcKs's — 
liay and straw — the cereals, th(^ ]>uls«'s, routs, 
grasses, and other green ero]is, and the cakes, 
ehiefiy the residue f)f linseed, cotton-sec'd, jialm- 
nut, eoeoanut, rape, sesame, and othiTH, from 
wliich the oil has been largely extracted. It is 
largely owing to the employment of the cakes, 
pulses, and cereals that high feeding is ])ossihle, 
and that tho (*arly jnaluring of stock for the 
butcher has be(*n so successful in practice*. 

Maintenance Rations. Food may Ix^ 
supplied to the animal for tin* purposes of main- 
tenance alone, or for inaiutcnaucc plus incn'asc 
in weight, involving the jiroduction of meat or 
the manufactun* of milk. In cither case it is 
well to umk'rstand in wliat a mairncnaiua* ration 
consists. Alaititcnancc* practically ni(‘ans pro- 
vision for the maintenance of the natural ht*at 
of tlu* body - the cx|«‘nditure of force and <‘n(‘i‘gy 
which is most marked in the horse, and the r<‘pair 
of muscle and othi‘r tissue. Wlu'n \\v. adtl to 
the maintenance* ration additional food, we 
provide for tin* growth of tlie fietus in the 
pregnant anunal, for the growth of tlu* young, 
for tlu* {)roduction of meat, and for tlu^ manu- 
facture of hye-products, such as milk and wool. 
Owing in part to tlie dilTcreru*e in tlu* struct ure? 
of the various animals on the farm, diflerent 
foods or eomhinatioiis of food are supplied to 
stock ill accordance with tlu‘ir special r(*<|uiro- 
m(‘nts. Thus the* horse is hal to enable him to 
draw heavy weights or to travel at high sp(‘(‘d, 
while the dairy cow is fed for the pruduetion of 
milk. And tlius it is that knowledge* of tlu* 
com])osition of foods, their market- and maiiurial 
value*, are* so essential to both hres'di*!* and fee*de*r. 
The fejotl of an einirnal, unlike that of a plant, 
which is built up by the aiel of ee'rtaineonstitueuts 
of the ntmos[)herc, a very small jirofiortiou eif the 
mineral matter of the soil, anel water, must he* 
practie'iilly re*ady-niade, eind coinpose*d of siu h 
suhstance\s, anej in such ]>roportions, as will 
maintain the; imrinal temperature of its healy, 
provide? for the Avast^* of tissue, anel the expe*iuliturt^ 
of energy. The materials j)rt;sent in food which 
me?ct these reiquirements are; known as prote'in, 
carbohydrates, anel fat, and seie*nce has deter- 
mined, without laying ele>wn an inflexible law, 
what quantities of e;aeh are nece*ssary in the 
provision of rations for horses, cattle, shtM^p, and 
pigs of given weights. The proportionate 
supply as between the; digestible protein and the 
digestible carbohydrates — for neither are com- 
pletely digested — and fats, is known as the 
albuminoid ratio. 

Protein. Protein is the only fejod con- 
stituent which contains nitrogen ; hence it is 
sometimes described as nitrogenous matter. It 
includes the albuminoids, the specially nutritious 
nitrogenous constituent of stock foods, and the 
amides. The albuminoids provide for the 
manufacture of tho muscular tissue, digestive 
organs, skin, horn, hoof, and bones, of which 


nitrog(*n forms an iiiqiortant part. It is also 
possible that they (;ontributo to the formation 
of fat owing to their richness in carbon (r).") per 
cent.). For a similar reason it is beliovefl that 
the alhiiniinoids assi. (, in tlu; provision of lu'.-d 
anti ent'rgy, 'riiey include the glutt'n of grain, tlu* 
legumineof jicas, Ixmiis, and other plants of tlu; 
leguminous ordi*!* ; the eas(‘iu of milk, and the 
allnimin of tlu* egg. Tlu* elenu*iits of wliich the 
albuminoids art* (;om]ios(;d are earluin, oxygen, 
hydrogen, and nitixtgt'n, sonu‘tinu‘s with tlu* 
addition of sulphur aiul ])hospliorus. Tlu* 
nitrogen eoriiptmnds known as e/an/ts* also 
uiidt‘rgo condaislio]), ami product* lu'at anti 
t*ricrgy in the animal l.ody, hut then* is reason 
to h(‘li(*v(; lliai tlu‘y (“xorl no inflm ricc in tlic 
formation t)f llcsh, Koods rich in aJhuininoitls, 
likt* foods rieli in oil, arc costly ; lu*nc(* (lu; 
imjiortaiuM* of proilucing llu*m on tlu* farm, 
anti t)f siuiult.int‘i>iisly providing for the feeding 
of the stot‘k anti tlu* soil, for tlu* reason tluii 
wlu‘n* a lt;gtimim»us cro]) is gn»un the soil is 
t‘nriclu‘tl by 1 lu* nil i'tigt*n in its roots. Allhougli 
tlu* allmminoids arc ricli in carhtui, it would Im; 
folly on account of tlu‘ir cost to <*mplov tlicm 
as ft)od fuel, for the carbon of fotxl undergoes 
combustion in tlu* aniina-l body as certainly a,s 
the carbon of coa,l in tlu* furnace. Tlu* coarsta* 
fotxls of tlu* farm - ha^^ straov, and roots in 
partitudar -which art* rich in caihohytiratcs, 
ctmsctjucntly providt; carbon at a much smalli‘r 
cost. 

Carbohydrates. Carhohytlratt's, the chief 
of wliich an; starch and sugar, are com- 
pt)st*tl of tlu; (‘l(*nu*uts earhoii. hyilrogt'ii, and 
oxyg<*n. 'riiey arc sometinu's tlescriht'd as 
heat-giving or carhonac'ous foods, a term 
which, as we havt* sf‘t‘n, may ht* ctjually applied 
tt> alhiiminoitls anti tlu* fats. Tlu; caihoh}'’- 
dralcs, liowcvc.r, art* more than lieal-givcrs, 
for tlu;y are the ])riiu*ipal soui'ct* of cnt*rgy, and it 
is chit*tly foi* this r(*ason tha.t llu*y art* f)it)vidctl 
in stt)ck rations in much laager tpuintitics tlian 
(;ithi*r tlu; aihuminoitls or tlu; fats. Starch arul 
sugar, like* ccllulost*. tlu; matt*ria-l of whit*li the 
cell walls and fibrous ma.ttt*r of plants are chiefly 
coinposetl, art; abundant in all classes of footl, 
anti are for the most part liighly tligcslihlt;. 
They art* helmveil to he t;hi(*lly resjionsihlc for 
the protluction of fat . 

Fats and Oils. The fafs and oils pro- 
duce upon combustion somt; times as 

much heat as tht; (;a,rhohyd rates sugar and 
starch, for th<* reason that they contain a much 
larg(*r perticniage of carlxm ; hut, unlike starch, 
they form a ptjrtion of the animal body, and 
possibly are in part dejiositcd as animal fat 
without untlorgoing any marked change. 1'he 
fat of food, ill addition to its property of pro- 
viding heat, cnt*rgy, anti animal fat, is a valuable 
digestive, anti a ready means not tmly of in* 
creasing weight, Vait of ctinirihuting to tho 
apjiearance and condition of stock t)f all kinds. 
It assists, too, ill prevt;nting a waste of tho 
albuminoids, ftir in the abst?nct? of a siifhciency 
of carbohydrates the animal would draw upon 
the carbon and hy(Jrogc?n of tho albuminoid 
matter it conaumed. 
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Mineral Food. Reference haa been 
made to the mineral conatituents of planta. 
These are practically essential to the animal, 
inasmuch as they provide for the construction of 
the bones and the manufacture of the digestive 
juices, the former containing phosphoric acid 
and lime, and the latter soda and chlorine. 
The milk of the cow, too, is rich in the mineral 
matter necessary in the building up of the 
young animal. 

Foods are not all digested. Practically 
speaking, portions of each constituent pass 
through the system unappropriated, and it is, 
therefore, essential to know not only the names 
of the most economical and essential foods, hut 
the proportions of each of their constituents 
which are digc.stible and nutritious. 

The tables on this page which include the chief 
stock foods arrang(Kl in their several divisions, 
show the approximate percentages of water, 
digestible albuminoids, carbohydrates, and fats. 

The foods rich in oil or fat aie linseed (35 per 
cent.), coiton-vseed (27 ‘3 per cent.), palmnut 
(48 per cent.), linseed cake, eotton-sced cake, 
cocoanut cake, maize-germ meal, rice meal, 
palmnut cake. F’oods rich in ash, or mineral 
matter, vary from 0*7 per cent, in roots to 10 
per cent, in rice meal, and 7 per cent, in ryo 
grass, clover, good meadow hay and vetch hay ; 
the straws, chaff, and the leading cakes, all of 
which are rich in the same materials. The 
figures which have been supplied liero at once 
indicate which foods are the most concentrated 
and the most valuable. If wo add together 
the percentages of albuminoids, carbohydrates, 
and fat, wo are enabled still further to ascer- 
tain which foods provide the largest amount 
of nutritive matter, and, therefore, guided by 
market jn'ices, which, in most cases, are the moat 
economical. For instance, if we desire to choose 
between maize and oats, not being tied by any 
consideration for the provision of albuminoids, 
wo find that while maize contains 73-8 per cent. 
Df digestible nutritious matter, oats only contain 
57 per cent. Thus, supposing both foods coat the 
same sum — say, 2s. (kl. per bushel — the maize 
weighing 60 lb. per busliel supplies 44 J lb. of 
nutritive matter, while oats weighing only 
40 lb. in a good sample — 38 lb. being more 
common — provide only 22 J lb. of nutritious 
matter, or almost precisely one-half. In such 
a case the food in the oats would cost double 
as much as the food in the maize, as we have 
fully explained elsewhere. We have always, 
however, to consider the importance of the 
albuminoids where they are not provided in the 
fodder of the farm, and still further — to take 
an important example — in feeding a horse we 
have to remember that owing not only to its 
higher percentage in albuminoids, but to the 
presence of a larger quantity of husk and its 
consequently greater safety, the oat possesses 
a mechanical value which adds something to 
its economic worth. 

Relative Values of Foods. In pur- 
chasing a food, it is sometimes useful to estimate 
its relative value as compared with other foods 
by the adoption of a system which, making 
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iHgestlble . 

Foods . 

Water 

Albumlii 

olds . 

ClarlJi > hF - 

dratt *)*. 

1 Kttts . 

1 NlTROaKNOlTvS DRY FOODS 


LitiHoed cako . . 

12-2 

' 24*8 

27*6 

8-9 

Decorticated cot ten- 
cake 

H -2 

310 

18*3 

12*0 

Common cottoD-cako 

11-3 

17*5 

14*9 

6*5 

Palmnut cake 

10*6 

161 

55*4 

9*6 

Rape cuke 

11-3 

25*3 

23*8 

7*7 

Cocoanut cake 

9*4 

18*2 

47*4 

11*2 

Siinflt>wer cake 

10-3 

31-3 

24*7 

7*6 

8»*Hamt> cake 

11-6 

28-0 

16*1 

19*4 

Hoans . , . , 

14*5 

23*0 

50*2 

1 *4 

. . 

14*3 

20*2 

54*4 

1*7 



21-4 

46-0 

2 2 

Wheat bmn (eoar.<ie) . . 

12*9 

12*6 

42*7 

2*6 

Malt coiobti . . 

10*1 

19*4 

45*0 

1*7 

Hrovvort^’ grains 

7 fi *6 

3*9 

10*8 

0*8 

De.siccatoii grains 
Shorts, or middlitigs 

12*0 

19*1 

42*0 

8*5 

12-5 

10-8 

44*8 

2*8 

1 NITROGENOUS GREEN FOODS 


Hod clover (in full 
llowor) 

White clover (in full 
flower^ 

80-4 

1*7 

8*7 

0*4 

80*6 

2 2 

7*9 

0 .') 

Alsiko ciovor (in full 
flow-'or) 

82-0 

1 *8 

6*9 

0*3 

Lucerne (in flower) 

740 

3 2 

9*1 

0-3 

Sainfoin 

81-4 

3*0 

7*9 

0.6 

Orimson clover 

81*6 

1 *6 

7*5 

0.3 

Votohos 

82-0 

2*5 

6*7 

0*3 

Peas . . 

81*6 

2*2 

7*4 

0*3 

Rape 

87-6 

2*0 

4*8 

0*4 

DRY 

Lucorno (good) 

FODI 

16*5 

)ER 

12*3 

31*4 

1*0 

Sainfoin 

U )*7 

7*6 

35*8 

1*4 

Vetch hay (medium) 

16-7 

9*4 

32*5 

1*5 

Red clover (medium) 

16*6 

10*7 

37*0 

2*1 

CARBONACEOUS DRY FOODS 


Wheat 

14-4 

11*7 

64*3 

1*2 

Bariev 

14-3 

8*0 

58*9 

1*7 

Oats . . 

14-3 

9*0 

4 . 3*3 

4*7 

Maize . . 

14-4 

8*4 

60*6 

4*8 

Malt 

7*5 

7*5 

62*8 

1 *6 

Ricomeal Tgood) 

11-5 

11*2 

52*9 

13*9 

Maize germ -meal 

11*9 

10*6 

44*0 

14*8 

Buckwh(*at 

14*0 

6*8 

47*0 

1*2 

Rvo 

14*3 

9*9 

65*4 

1*6 

Meadow liav (poor) . . 

14-3 

3*4 

34*9 

0*6 

Meadow Iiay (good) . . 

15-0 

7*4 

41*7 

1*3 

Kyo hay (gootl) 

14-3 

6*0 

44*3 

1*3 

Perennial ryegrass 

(good) 

14-3 

5*1 

35*3 

0*8 

Wheat straw 

14-3 

0*8 

. 35*6 

0*4 

Ryo straw 

14-3 

0*8 

30*6 

0*4 

Barley straw (suin- 
luor) 

14*3 

1 *3 

40*6 

0*5 

Oat straw 

14-3 

1*4 

40*1 

0*7 

Vetch straw . . 

16-0 

3*4 

31*9 

0*5 

Pea haulitv . . 

160 

2*9 

33*4 

0*5 

Bean straw 

16-0 

5*0 

35*2 

0*5 

1 CARBONACEOUS GREEN AND OTHER 1 

SUOOULl 

Potatoes 

BNT F 

760 

OODS 

2*1 

21*8 

0*2 

Mangels 

88*0 

1*1 

10*0 

0*1 

Carrots 

85 0 

1*4 

12*5 

0*2 

Turnips . . 

92.0 

1*1 

6*1 

0*1 

SM’edes 

870 

1*3 

6*3 

0*1 

Parsnips 

88*3 

1*6 

11*2 

0*2 

Green maize . 

82*2 

0*7 

8*4 

0*3 

Cabbage 

Kohl Rabi . . 

89*0 

1*1 

6*0 

0*2 

85*0 

2*0 

7*7 

0*4 

Pasture grass (average) 

80*0 

2*6 

9*9 

0-4 




‘ aUowa.nce for tlie fluctuations of market prices, 
is a help to the buyer ; we refer to what is 
known as * “ unit value,” which, however, 

\ is more commonly applied to the purchase of 
artificial manures. A unit of albuminoids has 
been estimated to bo worth 2s., of carbohydrates 
Is., and of fat 2s. Gd. Thus, supposing wq 
take maize to illustrate our case. We find from 
the figures in the table that this cereal contains, 
roundly, 8*4 per cent, or units r)f albuminoids 
which at 2s = 16s. Od., 4*8 per cent, or units of 
fat which at 2s. Gd. amounts to 12s., and (K)J 
units (60*6 per cent.) of carbohydrates at Is., or 
£3 Os. Gd., giving a total of £4 9s. 3d. One ton or 

48 quartei-a of maize at 20s. would equal £4 I2s. Gd. 
Taking a series of years — although prices have 
^becn higher of late — 208. is about the average 
ca^mf maize piirchaswl wholesale, so that at this 
price a ton the quantity with which we are 
dealing in the calculation would cost but little 
more than the valuation. If similar ealculation.s 
are made as applicable to other foods, wider 
differences may api>ear, hut it is always im- 
portant to add* the manurial value of the food 
on tlie basis of the estimated j)roportions of the 
nitrogen, phosphoric acid, and jjotash obtained 
from it, and voided in the solid and liquid 
excrement of the animal. [See page 589.] 

Compound Foods. In purchasing com- 
pound foods, such as cakes and meals, it is im- 
portant that the buyer, guided by the Fertilising 
.and Feeding Stuffs A<!t, which was passc^d for 
his. special protection, should submit a sample 
to the public analyst, appoint-ed for the purpose, 
for analysis. Ho will, under defined conditions 
obtainable from the Hoard of Agriculture, or 
from the Act itself, bt^ required to send a dupli- 
cate sample to the vendor, together with notice 
of his intention, and if, as should have been the 
ease, he obtains a guarantee of purity or quality, 
he will be in a position to obtoin compen.salion 
should the article he purchases not corresjamd 
with the analysis. Although the best makers 
and merchants may be trusted, there are so 
many cases of deliberate fraud or loss, the 
result of ignorance, on the part of vendors that 
no exceptions should bo made in this matter, 
especially as every (bunty Council retains an 
analyit who conducts tlie work at a nominal 
fc^c. The loss sustained by a purchaser of an 
inferidjr or adulterated food is not confined to the 
differ^ce in market value, for if purchased in large 
quantities his stock may suffer to an extent 
which may not be readily undemtood. Analysis 
is not arbitrary so far as regards the percentages 
of food constituents, inasmuch fis samples 
.'differ, although in a minor degree, and this 
; applies not only to manufactured or compound 
foods, such as cakr.ii and meal, but to grain, 
hay, roots, and practically every crop that 
grow'S. 

Digestibility of Different Foods. 

' One of the most important features in dealing 
^^with such figures as most tables of analysis supply 
I is <o remember that it is the digestible consti- 
ItaentA, and not the total constituents or dry 
|matter of food, which are of importance. Young 
> is much more digestible than older grass ; 
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finely cut, crushed, ground or steamed food 
than whole, raM\ or (coarse food ; and slightly fer- 
mented mixtures of roots, chaff, grains, meal, 
and coke than the same foods fresh and cold. 
The digestive juices are able to act with greater 
thoroughness upon food composed of tine 
particles than upon food which is coarse in 
character ; and while individuality accounts for 
much, it is certain that rations given In small 
quantity's, and carefully and finely preparwl, 
are followed by tiie Ijest results. Again, owing 
to the tliffercnce in the physiological structure 
of the digestive organs of (rattle and sheep, as 
compared with thos(.r of horse's and pigs, the 
two former rcipiire bulkier foods and a larger 
proportion of tibrous matter. It has already 
biH'n fM>inted out that foods differ in their diges- 
tibility; and, further, that the digestive powers 
of dilfeient animals also vary ; and that th<j 
cereals and young plants are more perfectly 
digested than drk'd fodders, such as hay and 
straw. Tlur eaibohydrates, starch and sugar, 
are ]>raetleally all cligc'sted, although the starclu*s 
of different plants vary in the time oceu[)ied 
in their digestion. Again, the?‘e is a diff«Teneo 
in the digestibility of fats and oils; and although 
little is known whicli can be n'gardtal as (*xa(jts 
it is btdieved that their absorption in the system 
of the animal is fairly eoinpleto. Something 
depends, too, \ipon the aroma of food and its 
flavour. If it is agreeable to the animal arid is 
relished, the glands an' stimulated, with the 
result that a marked influence is e.vert(*d on the 
digestive apparatus. Again, the larger the ration 
the more slowly is the food digested. 

The Carcase. Let us now mention a few 
facts in relation to the carcase of the animal. 
In fec'ding for the butcher there is a perceniagt* 
decr(?a.se of water, nitrogenous maitor and 
minerals, with an increase of fat. Thus, owing to 
the diminution of the water pereeiitage, a larger 
amount of food is produced in the carcase, although 
in the (;ase of really fat stock this rm^ans con- 
sidc'rablc wasto ; for while the purchaser of a joint 
pays for the extra fat, he seldom consumes it. In 
a half-fat animal, the dry matter of the carcases 
is about equal to its water contents. Comparing 
the fat beast with the lean beast, then^ is a 
smaller proportion of the fcTtilising const ituents 
of food, nitrogen, phosphoric acid, and lime in 
the former than in the latter. Thus, when fat 
stock arc sold off the farm there is ndatively 
less fertility carried away than when the animals 
sold an' in store condition. Again, althoiigh 
the 1(3HS of the mineral fertili.sors present in tin; 
carcase of a Ix'ost is in the gross reall.y small in 
quantity, weight for weight, cattle sold off the 
farm toko with them more than sheep, and sheep 
more than swine. The fertilising matter removed 
in milk and the crops of the farm-grain, pulse, 
hay, and the like — is much larger in quantity than 
that removed in fat stock, so that the feeder 
who consumes his own crops loses very little 
fertility. Tlic cost of feeding Irish store cattle, 
which are so largely purchased by English 
farmers for fattening for the butcher, has been 
estimated to reach £17 at 2J years old, while in 
Scotland the cost at 20 months is estimated at 
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£IS - 128., these figures including Insurance, 
interest on capital, attendance, and grazing. 

^ The Albuminoid Ratio. The albu- 
minoid ratio may be regarded as the proportion 
of digestible nitrogenous matter present in a 
food as compared with the carbohydrates 
^and the fats estimated as carbohydrates. The 
opinions of experts differ to some slight extent 
as to the figui'os of the ratio, but we may take it 
that the ration, supplied to the animals of the 
farm shall consist of one part of digestible 
albuminoids to from five to six parts of carbo- 
hydrates and fat, the fat being estimated 
as a carbohydrate by multiplying its percentage 
by 2’29, this being its relative heat and energy- 
producing capacity. Let us illustrate our case 
by an example taken from conscious life. A 
man taking average exercise requires about 
4,500 grains (say. 10 oz.) of carbon and .300 grains 
(about J oz.) of nitrogen daily as a maintenance 
ration. Suppose the food he consumes consists 
solely of bread, he would require 4 lb. daily 
in order to Obtain the necessary nitrogen; but 
as 4 lb. of bread contains nearly 20 oz. of carbon, 
this system of maintenance would result m 
waste. Thus it is that a food like bread, ^vhlch 
is rich in carbon, is eaten in conjunction with 
other foods taken in smaller quantities, such as 
meat, fish, or cheese, which are rich in nitrogen. 
Taking a miinbor of authorities collectively, 
we find that on the basis of their investigations 
an average man doing a moderate amount ot 
muicular exercise requires 120 grammes of 
firotcin, 500 grammes of carbohydrates, and 50 to 
00 grammes of fat. See “ Principles of Dietetics ” 
(Hutchinson). Here, then, we get a ratio of 1 to 
5’5. We remember an instance of a small farmer 
who fed a few cows solely upon mangels, which, 
apart from the unsuitability of their bulk, 
are extremely poor in albuminoids ; but suppos- 
ing the whole of the albuminoids in the mangel 
to be all digestible and nutritious — -whioh is not 
the ease — a cow of 1,000 Ib. weight would have 
to consume nearly 250 lb. of the roots in order 
to enable her to obtain a sufficient quantity 
of nitrogen to meet her maintenance require- 
ments alone. If, however, slie were able to 
consume this quantity and to digest it, she would 
obtkin 25 lb. of digestible carbohydrates, or 
about twice the quantity required in a mere 
maintenance ration. 

The Value of Grass. l.>et us now take 
an example in order to show how the 
albuminoia ratio is calculated. Grass which, 
when gobd, ds admirably balanced as a food 
for cows, will serve as an excellent example ; it 
contains 2*5 per cent, of digestible albuminoids, 
10 per cent, of carbohydrates, and 0*5 per cent, 
of fat. The fat is multiplied by 2*29, as we have 
^own. The result thus obtained is added to 
the carbohydrates and divided by the percentage 
of albuminoids. Thus : 

, > 10’04-(Q*5 X 2 *29) ^ 4.^53^ 

SO the albuminoid ratio of good gross is 
^I^Bptraotioally as 1 is to 4| ; so rich is it indeed 
JVpFktaas of high quality may, therefore, be 
j Bew fed as a nitrogenous food. 


Food for h Cfmi |t l^.beeti 
on the basis of miiiy mves^ations, 
in Germany and the States, that a 

cow weighing 1,000 lb. Quires for the min- 
tenance of her carca8e||^4 the^ ^vist<u^ of 
heat and energy 15*4 Ib.l# digestibM ^nutritious 
^ matter, which, in terms Ordinary 
farm rations, is practically equi^pjfflt to 241b. 
of the organic matter of her daily »od supply’/ 
Some investigators, however, altehtly increase 
the quantity of dry matter. The %ures referred^ 
to (16*4 lb.) should provide some 2^ lb. of^ 
digestible albuminoids, 12J lb. ofcarbohydratd 9 |^' 
and 0*4 lb. of fat, so that the albuminoid ratio 
would be as 1 is to 5*4. In the practice of the 
farm, rations frequently contain a larger pro- 
portion of the carbohydrates, especially where 
largo quantities of straw, roots, and maiz|f.^e'^ 
ii.sed , while in other cases, especially during xhe 
summer season, when clover, vetches, and rich 
grasses are provided, the proportion of albu- 
minoids may bo very distinctly raised. The 
wisest plan, however, is by the adoption of the 
system of recording the weights and varieties 
of food supplied and the milk produced, to 
nseerta in which foods are the most economical. , So 
far, reff‘rence has been made to the provision of 
food for the maintenance of a cow. When she is 
in milk, however, she ivqu ires, in round numbers, 
an additional pound of digestible diy matter 
for every gallon she produces. Thus, an animal 
yielding 5 gallons per day — a rather excejjtional 
quantity — would require, on the basis of Wolff’s 
figures, 20*4 lb. of digestible dry matter of 
similar composition. 

Scientific Feeding. Much, however, as 
investigation and experiment has accomplished, 
ue should regard those figures as merely 
indicative of what science has so far been able to 
t(‘ach us, and the farmer who, while adopting the 
principle, experiments for himself, may possibly 
tind that he obtains more economical results, 
especially when he produces his own food-stuffa, 
by the provision of slightly larger quantitiw 
of the carbonaceous foods on the one hand, 
or of the nitrogenous foods on the other. Where 
it becomes essential to purchase foods which are 
rich in nitrogen, they should be used sparingly 
on account of their higher cost, for they are 
only required for their nitrogenous constituents, 
the much less costly carbohydrates being obtain- 
able on the farm, or at little cost on the market. 

In purchasing foods it is well to guard against > 
those which contain large proj^rtiona of indi- 
gestible matter. The value of food is chiefly in 
proportion to what is actually absorbed by the 
animal’s economy, and especially should wo re- 
member that there areportiona of the albuminoids 
which are never oxidised and which pass away 
in the urine. Another source of loss is found as 
the result of the fermentation of bulky foods 
rich in carbohydrates. Ga^ arq produced, abd 
the eneqy valtfo oi the.fb6di is lost; hence 
the importance oi thorough maaticationi of welh * - 
propam and appetising rations, and of good 
asgestion, whioh^we expect to find in stoi^ qf 
robust and healthy character. 



SEWING THREAD MANUFACTURE 

Sewing Thread. Twisting or Doubling. English Dry and Wet Doubling 
and Scotch Doubling Systems. Dressing. Gassing and Spooling 



By W. S. MURPHY 


CEWING thread manufacture is the highest 
^ form of doubling ; tho thread maker is alone 
the complete doubl(‘r. In the thread factory all 
the processes of doubling are summarised. No 
other industry exhibits so clearly the strength of 
capital in modern manufa(‘lurc. An essentially 
simple process, involving few exclusive iiatents. 
open to anyone who likes to start, thread 
manufacture is dominated by thr<‘e world-em- 
bracing Kyndit*a1es, and, up to the pri'sent, no 
one outside the syndicates has a ehnne<‘. Tho 
names of tho companies are: J. and P. Coats, 

Limited ; English Sew- ^ 

ing Cotton Company, 

Limited; American 
Thread C’onipany, Li mi- \ c \ 

ted. Tho coni[H)tition of \ \ ^ 

tho three companies is qV 
practically nil ; tliey have 
each a defined sphere. ■ 1 

In thread manufacture r! 

we use very high counts e l 

of yarn, sewing thread 
running from Go’s up to 
300’s. Machine threads 
call for lower counts, ^ 

ronging from .Wh up to enomsii 110. kvolksh 

80s. As a rule, the poubling wet doubling 

yarns como in hanks, system system 

and the lirst operation of 

thread manufacture is winding. This being a 
simple operation, wc need hardly delay over it. 

As has been shov^m, tho winding is performed 
a'l m o s t 
automati- 
cally. 

Twist- 
ing. The 
bob bins 
are taken 
to the 
twisti ng 
depart- 
ment. Ma- 
chine sew- 
ing threads 
need very 
little twist, 
and tho 
twisting of 
those is 
doneonthe 
mule. Sew-|a 
Jog threads^ 

^owever 
Itreproduc- 
pi on the 

irame by 112. biko boublbb 
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the ring traveller. But this is homothing more 
than a spinning frame [1121. H't) differ- 

ences. From tlie top cvi'cl, cm which three, four, 
five, or siv rows of bobliins ar<> set, tho threads 
are led through guide (‘yes. and all the threads 
of each set are (‘ombined tog(‘ther in the doubling 
rollers. Jfelow th(» roller.s, in the wet doubling 
frame along the whole* l(*ngtli of the frame, lies 
a shallow' trough full of hot water. Passing 
through (his, the cords come down through tho 
ring traveller on to th(‘ bobbin. As in the 
spinning frames, the traverse rail moves up and 
^ down, distributing tho 

% thread evenly over tho 

bobbin. 

Different Systems 
1"^ Doubling. While 

if ® principle of doubling 

or tw'isting is readily 
I [ / understood in its general 

J L application, there are 

/[ e diffcDUit modes of appli- 

^ 0**!^ cation to which some 

attention should l>o paid. 
"M® The throe principal 

.0 systems are : (1) English 

<(iLi.sH 111. SCWTI.SH 'iry 
(jBUNd system "'c*' ; (-J) 

l-EM OFBOIIBWNO «y«to"i. We aro in^btcd 
to Messrs. Hethonngton 
Sons, Manchester, for the diagrams illustrating 
the three systems. 

English Dry Doubling System. In 

this system 
[109] the 
yarn come.*? 
fi‘om tho 
bobbin A, 
and jiasses 
under the 
iron rod B, 
and over 
a glass 
slit guide 
through 
the rollers, 
and round 
the top 
roller C, 
afterwards 
encircling 
a small 
’ glass pillar, 
and ai^ain 
passing 
through 
the rollers 

WBT OB DBY WOBK and down 
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on to the rins traveller D, and round the bobbin 
cm the spindle E. The upper roller is made of 
polished cast iron, and tno bottom roller is of 
nne steel 

English Wet Doubting System.^ On 

this frame [110] the yam is brought down from 
the bobbin A, and in under a glass rod B, which 
is set in the water trough. Next the yarn, now 
wet, passes through the guide on to the roller 
0, into the clasp of the traveller D, and thence 
round the bobbin E. The water troughs are 
placed behind and independent of ♦he rollers, 
and. may be in short lengths of copper, wood, 
zinc, or porcelain. Alternatively, if it be pnv 
ferred, the troughs may be made the whole length 
of frame, with taps at the ends for filling or 
running off the water. The short troughs are 
more easily cleaned and attended to, but the 
long troughs are sometimes preferred. 

Scottish System of Doubling. One dis- 
titteti ve feature of the Scot tish frame is that it 
has always the 
trough of water. 

We do not say, 
however, that the 
Scottish doublers 
use no dry 
doubling frames. 

On the contrary, 
even the wet frame 
can be converted 
very simply into a 
dry doubler. The 
Scotch system is 
simpler and more 
direct than either 
of the English 
systems, though 
tnat may not 
always be a merit. 

The diagram [111] 
clearly shows the difference. Coming tiom the 
bobbin A, the yarn passes tlirough the guide eye 
into the trough B, and round under the brass rol- 
ler revolving in the trough, and up round the top 
' roller C, thence to the traveller D, and on to the 
bobbin E. The trough is continuous through 
the whole frame. We have to note specially 
the rollers. The roller in the trough is hollow 
brass, of 2J in. diameter, and can Imj raised out 
of the water by means of a worm gear and 
handle placed at the end of the frame. The top 
rollers are solid and brass -covered, and of 
IJ in. diameter. 

It must be understood that though the dia- 
grams show only one bobbin delivering the yarn, 
there are, in actual practice, as many bobbins as 
there are threads to be doubled. In each ease 
tbe separate threads join at the first point of 
contact on the frame, and run together through 
the operation. 

Two-coloured and three-coloured threads are 
twisted dry, on either the mule or the ring 
traveller frame, 

whi^ sewing threads are bleached ; coloured 
tht^da are dyed. Many firms hand over this 
wm*K to others. But even when we elect to 
through the whole process, those o|>^e* 
jms 


tions are wrought' in separate establishments. 
[See DmiNQ.] , \ ’ 

Dregalng. When t£e threads come'baek 
from the' bleachm', they • are raw and harsh. 
Nobody would buy these threads. The bleacher 
has, we may suppose, wound our thre^ on to 
the bobbins again, and the- bobbins ore lying 
on the bank of the dressing machine. A bank 
is, a high frame fitted with horizontal spindles to 
bold the bobbins in such freedom as allows the 
thread to come off easily. Prom the bank the 
threads are led through a comb, and in ^tween 
a pair of rollers revolving on the brink of a vat 
containing hot size. A roller in the centre of the 
vat bears the range of threads down into the 
size, and as it emerges at the other side, a pair 
of heavily-clothed rollers clear it of superfluous 
liquid. Next, the threads wind in spiral fashion 
round a cylinder steam-heated within, and at 
the second turn pass botwecni circular brushes 
which rub them clear. A pair of heated brass 

rollers now draw 
the slender white 
cords on and bur- 
nish them. At 
the end a bank 
vnth a winding 
apparatus winds 
the thread on to 
the spools again. 

G a a s i n g. 
pooling is the 
next general oper- 
ation; but for fine 
threads we have a 
process properly 
named gasHng. 
As a rule, gassing 
is performed on 
the spooling 
frame ; but it 
may be as well to study it by itself. Even after 
all our dressing, brushing, and burnishing, in- 
finitesimal little ends of cotton stick out jfrom 
the thread. One is almost invisible, but they 
are there by the thousand on every inch, ard 
give a rough appearance to the finely-drawn 
cords. Various methods have been devised to 
remove this fluff ; but burning by gas is the 
only way which has yet been found to produdo 
satisfactory results. The heat from pure coal 
gas is both very strong and diffusive. Passing 
thread of delicate texture through a very smiifl 
jot of such gds, even at the highest speed practio- 
able, would be sure to scorch. But a currentof air 
ea n bo introduced into gas to cool it The thioads 
are passed through the flames of bluish coloui*, 
and emerge quite white, yet freed from all fluff. ^ 
Spooling. Conditions of climate, naiiongi' 
custom, and use, determine the form of 
sowing-thread spool. On that account, we - 
a large number of spooling madiines-— 
indeed, should be called bdlltnff machines. 
we can safely consider the whole lot in threat 
classes— the cross winders, the split drntns, ' 
the commmi horizontal spoding machineB, ^ 
Crosi Winderg. About the winded wo 
have little to learti. Ckkuwd to run at very 
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114. SPLIT DRITM WINDKR 
(Wm, Whiteicy & iktm, Ltd., LockwcKKl) 

Hpoed, and with a cam or an eccentric plate 
acting on the guides which distribute the thread 
on the bobbin, or spool, these winders are easy 
to manage ; in fact, they have been so well con- 
trived as to work almost by themselves. 

Split Drums Spooling Frames. More 
interesting are the split drums spoolers [114j. 
The bobbin with the dressed thread is slung at 
the head of the machine, and the thread is led 
tlirough the split in a drum to the spool in 
front. The drum is split in scallop fashion, 
the line curving from side to side. In its paa.sage 
through rhe drum the thread is carried from 
-fide to side, distributing evenly all over the 
fpool. Revolving under a heavy roller, or 
cylinder, the spool takes on the thread, the weight 
of the cylinder making a very lirm and compact 
tsOll of thread. All the motions being direct, 
tiisi machine can develop a high rate of spiked. 

Combined Gassing and Spooling. For 
the bobbins or spools in coni.mon use among 
ourselves, the combined gassing and spooling 
machine is mostly utilised in thread factories. 
It is almost identical with the cleaning and 
gassing machine already illustrated in 135 


(page 2596). 
The frames are long ; 
but one spool is made up as 
elalx >ratoly as a hundred. Fvor y 
spool has its own spindle and feed- 
ing bobbin. It is oh this frame, witli its 
long row of blue gas jets, that the stop-motion 
principle is to be seen working to perfection. 
Oonnected with the driving gear of the spindle 
is a wire, not unlike a lady’s hairpin, supported 
by the passage of the thread. When the thread 
slackens or breaks, the wire falls, and throws the 
spindlo out of gear. The gearing of the spindle 
run be set to run out 200, 3(M), 400, 500, or 
600yd. of thread. Tf it wore to run on after 
the thread had ceased to run, the number of 
revolutions of the spindle and the amount of 
thread on the spool would not correspond. 
Confusion would thus arise from the very 
applianec^s devised to make order 8U^(^ The 
finished spool [113] is a coinpaet and neat 
bobbin, round which the thread lies firm and 
elo.se. Before going out to the public tlie spool 
is labelled and otherwise finished. 

There are several little points in the thread 
industry, and on the machines, which might 
be worthy of note, if it were possible to show 
them on the machines themselves ; but that is 
beyond our scopes But after all has been shown, 
the wonder yet remains that so great wealth 
as has been ivon in thread manufacture could 
have been acquired in a process so simple. One 
could make a thread factory of a four-rooracd 
cottage. 


Coratnued 
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. ORGANIC CHEMISTRY 

What is Meant by Organic Chemistry. The Power Within Living Things* 
The Plant as a Synthetic Chemist Biochemistry. The Carbon Compounds 


By Dr. C. W. SALEEBY 


'T'HE conception of chemistry as divided into 
* inorganic and organic is almost as old as 
the science itself. It was conceived thatthei'e 
is an absolute distinction between chemical 
bodies characteristic of living matter and those 
found elsewhere. It could scarcely be maintained 
that the living body contained no substances 
fotmd elsewhere, but those found elsewlicre wore 
regarded as, if not accidental, at any j*ate of scant 
importance. There remained many substances 
characteristic of the living body which, it was 
asserted, could he produced only by living 
agency. The whole question is so important, 
having a significance which far outsoars the 
bonnets of chemistry, that we propose to 
deal with it here very carefully. I^ie (piestion is 
this : What arc the grounds on w hich w e d(s lar(‘ 
that the division of chemistry into inorganic and 
organic is false and must he aliandoned ? 

The Elements of Life. It is, of course, 
ii\disputablc that the living bodies of animals 
and of plants contain chemical comiiounds, 
utterly beyond number, which arc not met 
elsewhere. These compounds on analysis jwove 
to be composed of elements already familiar 
to the chemist, while the number of organic 
compounds can be estimated only in billions of 
billions, these not being found naturally, except 
in the living body. The study of tlu'sc com- 
pounds, in w^hatever number they are studied, 
reveals no element peculiar to life. So far as the 
elements are concerned, there is no foiuidation for 
the term organic chemistry. Elements constantly 
found in living organs there may be* and aix?, 
hut no element whatever not found elsewhere. 

This is surely what we must expect. We may 
supply a plant with absolutely nothing but known 
compounds or elementary substances, such as 
oxygen, carbonic acid, nitrates, and the like; and 
we find that in these conditions, if provided with 
sunlight, it flourishes. The ordinary “ inorganic 
elements ” suffice — whether as elements or 
combined — for its nutriment. If it be kilU»d 
and its body analysed, it reveals no other element. 

Vital Force. This, of course, is a funda- 
mental fact, and is a conclusion as significant iia 
that of astronomical chemistry when it tells us 
that the elements of the stars arc the same as 
those of the earth. But there remained the 
supposition that there is a special and unique 
power within the living body, whether of the 
animal or of the plant, which fashions its food so 
as to form compounds which can bo produced 
by hviag organisms alone, and which may there- 
fore calfed unique, llie process is entirely 
one^ bflilding-up, or anabolim or aytUhesi^. 
Klem^ts or simple comjpounds are supplied 
td and' it commnee them in wm a 


fashion as to produce starch, sugar, albumen, or 
w'hat not — which the chemist could not imitate. 
There is therefore, it was said, a “ vital force,*’ 
a thing incomparable with merely physical 
forces, and capable of doing what these cannot do. 

In virtue ot this force, the living organism, 
though it cannot make new elements and 
though it contains no elements peculiar to itself, 
can yet make new' compounds, and is able to 
display compounds peculiar to itself — they said. 

Vitalism. Thus the old distinction of 
chemistry into organic and inorganic depended 
ii|X)n the doctrine of vitalism, w'hich assorted 
that living things are possessed of a unique 
force, independent of the law' of the conserva- 
tion and transformation of energy, and capable 
ot accomplishing what even the sum of all the 
physical energies in the Universe could not 
accomplish. In this connection one cannot do 
iM'tter than quote from the recently -issued first 
volume of Professor Meldola’s great work, “The 
(^hemical Synthesis of Vital Products.” The 
professor says: “If asked, as I freipiently have 
been during the progress of the work, what posi- 
tion synthetictil chemistry occupies with respect 
to the doctrines of vitalism or Neo vitalism, I 
think it advisable to place u])on n^cord the opinion 
that the present achievements in the domain of 
(•hemical synthesis furrii.Hh no warrant for the 
belief that the ehemieal processes of the living 
organisms are in any sense transcendental, or that 
they must be regarded as belonging to a class of 
special material transformations which human 
science will never be able to reproduce. Such 
an admission as the latter would be tantamount 
to a proclamation of Neovitalism ; but the 
w'hole history of organic synthesis, from the time 
when it was declared that organic compounds 
could be obtained only by living agency, is 
iipposed to any such conclusion. But although, 
the doctrine of a special vital force has receive^ 
its death-blow at the hands of modern science, 
and although there is no warrant for the belief 
that the physics or chemistry of animals 
plants is ultra-scientific, yet it must not be^Ost 
sight of that the synthetical possibilities of the 
living organism have brought us face to face 
with modes of chemical action of which we are 
as yet profoundly ignorant.” 

The point raised in the latter part of this 
quotation must, of course, be returned to. 
Meanwhile, we may content ourselves with this 
authoritative pronouncement as r^ards vitalim 
in its revelations to organic chemistry. 

Pioneers. The year 18gS is usgidiy 
regarded as famishing tiie most'i^iortani <3ate 
in the hlstbry of this subjeej;. |t .%Fae in 
year that Wdhler announced l^tdlsoov^,, 




that it is possible to construct the oi^anic 
compound urea by synthesis from a salt called 
ammonium cyanate. As Professor Meldola pointed 
out more than ton years ago, equal honour must 
be accorded to an Englishman, llc^nry Hennell, 
who succeeded in aynthetising ali-ohol fioin 
olefiant gas at practically the same time as his 
great (ierman contemporary had exc’iit*d the 
interest of the whole chemical woild by his 
synthesis of urea.” In neither ease uas the 
argument perfect. Hennell obtained his olefiant 
gas from organic niatk‘r— oil, anIuIc the (hTinan 
attained his ammonium cyanate “ by fusing 
nitrogenous organic matter with an alkaline 
carbonate.” Only a few years lakr, lio\\e\or, 
the arguments weri' made perfe^t by the per- 
formance of the intermediate st(‘ps, and it was 
absolutely t^stablished that certain 'sub'Ntanet‘s, 
hitherto tliought to bo produtiblt* only by the 
living body, could be built up or synthetiM‘d 
by chemists from their very elements. Nor was 
it necessary to obtain these* element. s from dead 
bodies ; tlu* nitrogen of the air was as etTi'ctue 
for these purposes as nitrogen obtained by pro- 
oeKscs of dv'composition. 

The pioneers were bold men, so that, in 1H38, 
the great Liebig and Wohler dared to say—” From 
th-^se researches the philosophy of chemistry 
must draw the conclusion that the synthesis of 
all organic compounds which are not organised 
must be looked upon not merely as probable but 
as certain of ultimate achitwement.” 

The Father of Synthetic Chemistry. 
There still lives, when these words arc written, 
the illustrious genius who may almost W 
regarded as the founder of synthetic chemistry. 
Of modern synthetic chemistry as a practical 
mitter he is certainly the founder. This is 
Professor Mareellin Pertholot, whoso jubilee 
has lately Ixjen celebrated in France. When 
he began his work, the great names in 
chemistry propagated sayings such as these. ^J'ho 
great Swede Berzelius said: ” Even if we should 
succeed in producing, with inorganic bodies, .sub- 
stances of composition similar to those of organic 
products, this mere imitation would give 
us no hoiX) that we could ever produce the 
actual things themselves, as we succeed, in 
most cases, in confirming the analysis of the 
mineral bodies by etfocting their synthesis in 
turn.” And Geihardt put the popular doctrine 
more effectively when ho said: “The chemist 
does precisely the opposite of living nature ; 
he burns, destroys, operates by analysis, while the 
vital force alone may synthetise. It rebuilds llie 
edifice which chemical lorces have broken down^’ 

But Borthelot soon followed up the pioneer 
work of Wohler and Hennell He made alcohol 
and formic acid. HeJbegan to make fats and 
sugars ; he showed that acetylene, now familiar 
as a gas for the lamps of motor-cars and so on, 
can be produced by direct combination of carbon 
and hydrogen when the electric arc passes 
between carbon poles in an atmosphere of 
hydrogen. This gas can be synthetised in 
half a dozen other ways, its formula being 
and its original synthesis by Bertheiot M 
to the mnlSiig of inniamerable compounds. 
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including ordinary alcohol, benzene, and their 
numberless derivatives. Berthelot’s greatest 
work appeared in 1860, and though ho lias 
lately devoted himself to many other matters, 
he remains the groate.st of synthetic chemists. 

The most distinguished of his sueeessors is 
Profe.s8()r Emil Fischer, of Ihulin, who has 
ma.stcred the making of tin* sugur.s, and even, 
as is far more signifieant, tiie making of certain 
bodies w'hieli are at any rate all but albuminous. 

We may clost^ our account of th * history of 
the subjecd by refenmoe to tlu* largo tirst volume 
of Professor Meldola’s work from which >ve have 
already quoted. The number of vital jaoduets 
that have been made by artificial mt'ans ran 
into tens of thousands long ago, and the pro- 
phecy of Liebig and Wohler is wa‘Jl on tJio way 
tow'iirds fullilment. 

New Compounds. Not only can an 
enormous number of vital jiroducts be made 
artiticially, but the synthetic chemist lias now 
learnt how to call into being a constantly 
increasing host of bodies wliieh are closely 
allied to vital products, but which are entirely 
unknown in living or in lifeless nature. Of 
these, thousands and thousands an^ of iutertisfc 
at present to the ch(*mist alone, but, on the 
other hand, many fulfil practical functions of 
the greatest value to mankind. Many most 
valuable drugs, inducing sleep, relieving fever, 
relieving pain, di^structivo to micro-organisms, 
and HO on, have been thus produced, while of 
less importance are the many new* dyes syntheti- 
cally derived from coal-tar. Furthermore, the 
chemist is abh? to say that the vital produets 
which he manufactures are Rtrietly identical 
w'ilh those manufactured by the living body, 
and that such products, wdiether natural or 
artificial, are not only composed of the same 
elements as Iho^e found elsewhere, but that 
what we have previously doseribed as th(5 laws 

chemistry are strictly observed. As we have 
said before, there arc not two chemistries, 
hut one chemistry, and any laws applicable to 
cknnent.s in the atmosphere are equally applic- 
able to those elements when they occur in the 
body of an animal or plant living in that atmo- 
sphere. Similarly, all the laws of compounds 
and of chemical union and disunion, the laws 
of valency, and so on, are as true in the one 
case as in the other. 

Plants are Consummate Chemists. 

Li^t us, then, abandon the term organic chemistry, 
find a new' one, and proceed to discuss the sub- 
stanees that come under it. Such would seem 
to be the natural iDroceeding, and in the 
ofdinary textbook of chemistry it is followed ; 
but Jicre w'c have a special aim. Wo deoire 
not to isolate one science from another, but 
to co-ordinate them all. And for this reason 
w^e must consider a fact which is apt to 
be forgotten, though it is strictly a fact of 
chemistry, and though the unravelling of it 
would mean the making of a new epoch not 
only in chemistry, but also in the science 
of life. 

Our argument here is practically confined to 
plants, and for this excellent reason— that the 
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«0»hnal body does not ent*r into competition 
with the cnomist as regards synthesis. The 
animal body can effect synthesis only indirectly 
^when it comes to be inhabited by the mind of 
man, and when that man becomes a synthetic 
chemist. The synthesis, which was and is the 
puzzle, and which plays such an essential part 
in the economy of living nature, is effected by 
the plants alone. It has lately been shown 
that the animal body possesses a very small 
power of synthesis in certain cases, but though 
this must be noted, it is of no practical import- 
ance. It is the plant that is the consummate 
chemist. Alcohol and starch and sugar, the 
albumens, the volatile oils, and a host more, 
are its products, and the question is this : 
Having produced a large number of these 
substances without the intervention of the 
plant, and being doubtless able to produce any 
number more ; being, further, able to produce 
a large number of substances which the plant 
cannot, or at any rate does not, produce, are 
We not entitled to dismiss the plant from our 
reckoning altogether ? 

Man’s and Nature’s Methods. But 

this would be the most unpardonable eiror. 
Whereas the chemist requires all sorts of 
powerful reagents, the production of high 
temperature, long periods of time m sonu' 
oases, and so on, the plant is totally indcjwndent 
of such conditions. What the chemist pioduces 
by the electric arc and the sweat of his brow 
the plant produces in silence, without effort, 
at low temperatures, and at no obvious cost. 
We have scarcely begun to attack the true 
organic chemistry, and we can commit no 
greater folly than to suppose that our synthetic 
methods are identical with Nature’s, or that 
because ours are known, hers are unimportant. 
Let IIS hear Professor Meldola : 

“ Those who consider that the triumphs of 
chemical synthesis have finally disposed of 
vitalism in any form will do well to bear in 
mind that until the chemist has shown that his 


synthetical methods are identical with Nature’s 
methods there is just as much scope for en- 
deavouring to penetrate the chemical vital 
mysteries as there wns in the days w'hen it 
warf believed that every organic compound 
required an animal or a plant for its production. 
If this be lost sight of amidst the overwhehning 
mass of material accumulated by the great 
army of workers in the field of carbon chemistry, 
if we have produced thousands of compounds 
which ‘do not and probably never will be found 
to exist in living organisms, if we have gone 
so far beyond Nature as to make it ap^iear 
unimportant whether an organic compound 
is producible by vital chemistry or not, we are 
running the risk of blockading whole regions of 
undiscovered modes of chemical action by 


falling into the belief that known laboratory 
methoj^ are the equivalents of unknown vital 


sntial, as Professor Meldola points out, 
tok and ask ourselves bow much light 
»t|c chemistry of chemists has thrown 
iyntl^tic chemistiy of pfamts. 



Synthetic tmd Vital Chamtotry. 

No synthetic processes which produce or in* 
volve flame or temperatures anywhere above, 
say, 103 ° R, have any particular bear- 
ing upon the real question. Sa5r8 Professor 
Meldola: “ The fundamental synthesis par 
excellence — the photosynthesis (synthesis by 
means of light), which plants are enabled to 
accomplish, and in the course of which carbon 
dioxide is abiorbed by an organic compound 
and the product or products decomposed with 
the liberation of oxygen — ^is as yet without 
a laboratory parallel.” Furthermore, while 
a very large number — perhaps the whole 
number — of vital syntheses are accomplished 
by means of enzymes or ferments, and while 
the majority of the more familiar products can 
be also produced in the laboratory, the analogy 
between the natural and the laboratory process 
disappc«irs when it is considered that as yet 
no 01 garlic nitrogenous agent of the nature of 
an enzyme has ever been syntheti'cd ” 

It has now been show'n by many authors that 
ferments or enzymes arc involved in the buHding- 
np of a large numbei of compounds. Even 
though the stages may be followed by the 
synthetic chemist, yet the “ actual vital method ” 
has not been enijiloycd by linn We are bound 
III honesty to recognise these facts, and not to 
< laiin more than we arc entitled to Synthetic 
(‘hemibtry is of the utmost value on the philo- 
sophic score. It has clearly demonstrated that 
substances produced by the living body may be 
produced without its aid, thereafter exhibiting 
identical properties in every respect. But it 
has neither unravelled nor has it in any measure 
livcillcd the synthetic processes as they occur 
in the living organism. 

The Chemistry of Life. There remains 
A problem of the utmost importance, as the wisest 
of chemists themselves see. Only a few decades 
ago even a Liebig was content to say that the 
chemical processes of living matter demanded 
a vital force for their interpretation. The, 
very last representative of this school of thought,' 
Dr. Lionel Beale, F.R.S., has passed away a 
week before these words are written ; and wo 
must go a stage further. 

But what is implied? Evidently this is,, 
implied. It is all very well for the chemist to 
deny the existence of vital force, and he is doubt -r 
less right. It is all very well for him to compete 
ynth the living organism. But is it not plain 
if his processes are not the same as its prdee^ses, 
and if its processes are purely chemic^d or 
ehemico -physical, and not peculiarly vital — yi^re 
is a ^eat kingdom of chemistry, not^evexk the 
threshold of which has he yet reached ? Of Course, 
this is 80 ; synthetic cheiqistry has done nothing, 
or almost nothing, to illustrate the chemietry of 
living matter. It has merely abolished the old 
explanation of a vital force, which, of eourso, 
was no explanation, but merely a case of da^ken<<^ 
ing counsel by wrords without kn 0 wl 6 %^ 
abecumm per'cheeuriins — the obscure by the moi^ 
obscure^ Thus there remains a ifcw science' pt 
a ne^ly-reCopiised sciences, 

Vtatoh Ote uornfwl tfe 



tio 9 of A yiti4 force, l^is science is the chcmistiy 
of life, or, as it is commonly called, biochemistry. 
This, of course, is the true organic chemistry ; 
that is to say, if the old term is to be retained 
at all it should be used not to cover a mere 
description of the properties of dead starch, on 
the ground that the starch was produced by a 
plant, but should be employed to describe the 
chemistry of organisms. 

The UnKnown Kingdom of Chemis- 
try, Our making of definitions has now resulted, 
it is to be hoped, in a clearing of the ground. 
Henceforward we shall associate the terms 
inorganic and organic chemistry with a definite 
theory which is known as vitalism, and which 
asserted that so-called vital products are the 
products of life and of that alone. We sliall n‘oog- 
nise that these terms ceased to have any valid 
meaning fmm the year 1828 onwards. We shall 
further recognise that, if they are to be retained 
at all, there is abundant scope for their employ, 
ment. They are so short and convenient that the 
pn‘aent writer would lie glad to see them re- 
instated — inorganic chemistry meaning all such 
chemical processes as are not jx'culiar to the 
chemistry of organisms or organic chemistry. 
Lastly, we realise that biochemistry, oi* what w'c 
should Ijo pleased to call organic chemistry, is 
ns yet almost an unknown land. It has becni 
claimed for science, and the unscientific concep- 
tion of a vital force has been dismissed from it, 
but it has not v<-'t been explored, and the would-lx' 
explorer is almost without a guide. But it is, 
of course, incomparably the riobeat, the most 
wonderful, and the most important of all the 
territories to which chemistry asserts her right. 
Tf space avail, ^ve may possibly return to this 
subject. 


The Carbon Compounds. As was men- 
tioned in an early section of this course, w'c now 
employ the somewhat clumsy plirase “ tlic‘ 
chemistry of the carbon compounds ’ to do the 
work which was formerly done by the term 
organic chemistry. Tlie substaneos witli which 
we shall have to deal are compounds of carbon, 
f’arbon seems to bo the keystone of their archi- 
tecture, ar»d it is from the study of carbon that 
WU are best enabled to attack them. This fact 
Ifejn itself, of the utmost significance, for carbon 
W an abundant and widely-spread ingredient of 
inorganic nature. It is true that a very larg<‘ 
of the carbon upon the earth once formed 
pnrt of living bodies. The reader already knows 
that coal represents the carbonaceous part of the 
bodies of certain kinds of giant ferns which once 
fiouri^ed upon the surface of the eartli. But the 
doctrine that carbon has always been associatt^d 
with life, or that it is actually a product of some 
primeval Ufe, or that it is somehow specially 


^mhftbited by the vital 
data to the fact 


must accommo- 
bat the presence of carbon 


fjof $een abnwiantfy demonstrated in the stars, 
continuity between the organic and the 
moi;g8l^'la.ihus demonstrated by the facts of 
this . one ^m^t. 

Ittnfnll !E\irthermm:e, it would be idle 

^ id), the ooimpouiKfo of carbon 


ONfMliTflY 

belonp to the realm of what was called oiganio 
chemistry, or, in other words, are specially 
associated with life. On the contrary, on page 
1158, we had to discuss the monoxide of 
carbon, which has the formula CO, and the 
dioxide of carbon CO.^. No one thinks of 
these as coming under” the head of organic 
chemistry. Tlio latter is produced by living 
bodies, but is also producM'd-^and has 
identical properties when tx) produced — by the 
oxidatu)!! of inorganic carbon. ’l''hcre is, therefore, 
absolute and perfect continuity bctwi'en the two 
n^ahns of chemistry, as they used to be con- 
ceived. This being granted, we may now' proceed 
to the stiuly of a substtince which furnishes the 
key to tlu‘ structure of a very large iiumlx'r ot 
other substances of greater complexity, and 
which, though it might quite well hav(* been 
treated when w'e W(‘re discussing the other 
inorganic com|X)iinds of carbon, was purposely 
l(*ft over so that it miglit furnish the basis of 
the discussion which is to follow'. '^I’bis laxly 
IS the simplest known compound ot the two 
tainiliar elements carbon and hydrogen, and is 
commonly known as marnh gas, its technical 
clicmical name being mfihanc. 

The Hydrocarbons. Tin* term hydro- 
eurhoii is used to describe tb(‘ carbid(‘S of hydro- 
gen. L(‘t us once and for all distinguish between 
two terms which resemble one another' —7/ //c/w- 
rarhons and rarbohi/dKifcH. A carbohydrate* is a 
substance wliich contains, as its name* suggests, 
carbon, hydrogen, and oxygen, the two latter 
(X'curring in the proportions in wliich they are 
found in water. M'he two names resemble one 
another, but have loUilly different nnsinings. I’he 
hydrocarbons arc far more* important, since their 
<‘\i}>tenei* and stmeturM* are* fundanuMita] in a 
study of tlris part of our subject. The carbo- 
hydrates have* their own im]x>rlance, as W'e shall 
afterwards see, but it is I'^ithcr practical than 
theoretical. 

The derivatives of tbi* liycirocarbons are 
endless and, to (juot<* Sir William Ramsa}’': 
“]May contain o.xygen, nitrogen, sulphur, chlorine, 
bromine, iodine, and many other elements.” Let 
us now return to certain lessons taught us by 
the typical hydrocarbon. 

Lessons from Marsh Gas. ]Marsh gas or 
methane has the formula CH 4 , as wo saw on 
page IfiOO. This is itself of great significance. 
Says Sir William Ramsay; “The fundamental 
fact on which the chemistry of the carbon com- 
poimds rests i.s, that in them carbon always 
functions as a tetrad.” This means, of course, that 
the carbon is always “ four-handed.” We are 
now' past the stage at which it was necessa^ to 
accept this fact of valency simply as an inex- 
plicable fact. The new theory of matter, as the 
reader is already aw'arc, has begun to make it 
intelligible. 

In consklci ing the second lesson of marsh gas 
we may remind the reader of a previous para- 
graph, in which it was pointed out that when 
this Imdy is exposed to the action of chlorine, 
atoms of die latter gas successively replace atoms 
of hydrogen, hydrochloric acid being meanwhile 
formed. Wo thus get a sequ^ce of bodies, 
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CH,, CH.Cl CHOh, CCl,. Their 

constitution is thus indiratod by graphic formulae ; 
H ff Cl 

I I I 

H ~ C - H H - C H etc. to Cl - C - Cl 

i i i 

H Cl Cl 

7’hese so-called graphic furmuhe are a device 
of the 111 most value. 'I’hey lK*gin l-o indicate 
Uie stnu'tiire of tho wnlecule^ and too much iiu- 
portan(’o cannot l )0 attached to this conception 
in tho })ag(\s which arc to follow. 

** Solid»chemistry.” The graphic for- 
miilfJL' represented above have, howeviu', an im- 
portant clf'feefc ns .symbols. Th(‘ reader will 
remember lliat wluai we we?(' discussing the new 
theory of matUs* wc (le,s(U’ib(‘(I tlie nciw famous 
liehaviourof May(*r's neeillos, hat avc hail to j)oint 
out that the needles symbolising the (‘lertrons of 
the atom lie all in one plane upon the surface of 
the water, ami thus represent, the atom jus a flat 
or two-dim(*nsional object. Ihit, of course, there 
is every jca.sou to b(‘lieve that the atom is a solid 
or three-dimensional object, and wc should like, 
if possihl(‘, to have not a flat but a stereoscopic 
reprevsentation of it, showing the relations of its 
parts in perspective, as one sees in ordinary 
vision with two (‘yt's or through a stereoHCO|x\ 

Now, precisely the same dtd’eet attaches to the 
graphic formula of innish gas as representixl 
above. It suggi'sts that tlu' molecule is a flat 
object, lying all in one plamu But it would be. 
a great advance to have some means of repre- 
senting th(‘ mohuuilc in })ersp<x‘tivc and con- 
ceiving of it also as not a two-dimensional, but 
a threii-dimensional object. TJie introduction 
of this conception has constituted an epoch in 
ch(?-mistry, and the particular branch of the 
subject Avhieh conceives of molecules and studies 
them as not flat, hut solid objects, is now known 
as stereo-che midriff the meaning of which we can 
readily remeniher by recalling the stereoscope 
(from (Jreek “stereos,” solid). This great advance 
wo largely owe to the famous 1 hitch chemist 
Van’t Hoif, now profe.-isor of chemistry at Berlin. 

Substitution. The graphic formula' above 
figured illustrate also one of the rnoji im- 
portnnt and fruitful ideas in the chemistry of 
the carlion compound-; — and that is the idea of 
substitution. When, for instance, we com- 
pare marsh gas with chloroform we do not 
simply compare tlu' two em])irical Turin ula* — 
.this being the name applied to the ordinary 
formula* — but we compare the tAvo graphic 
formuhe; and wo say that chlorine atoms have 
been substituted for lij'drogen atoms. This 
theory of substitution aa^o owe to tho Frenchman 
Dumas, friend and rival of Liebig. Liebig at 
first opposed Dumas’ ideas on substitution, but 
at last he becamo convinced— says 8honstone in 
his book on Liebig — “ that the character of a 
chemical substance does not depend so much as 
he liad supposed on the nature of its constituent 
l^toms, and depends very largely also on the 
manner which these atoms are arranged. 
Some yeiB afterwards, at a dinner given by Uie 


French clioniists to chemical visitors to the 
Exhibition of 1867, Liebig made his defeat dh this 
occasion the source of a happy retort to Dumas, 
who had asked him why of late years; he had 
devoted himself exclusively to agricultural 
chemistry. * 1 have withdrawn from organic 
chemistry,’ said Liebig, ‘ for with the theory of 
substitution as a foundation, the edifice of 
chemical science may be built up by workmen ; 
masters are no longer needed.’ ” 

A Small Complexity. It introduces but 
a small complexity into grapliii; formulae to 
7‘e.eognise that a certain amount of lack of sym- 
metry may often lx* met. Indeed, tho Dutch 
chemist whom wo have already named has shoAvn 
that the utmost theoretical importance, attaches 
to the symmetry, or lack of symmetry, of such 
molecuU's. Somet imes a single atom having two 
hands is introduced, and in such a case the 
molecule becomes somewhat asymmetrical ; or, 
to take the instance of marsh gas again, the four 
liydrogen .atoms may he replaced by tivo oxygen 
atoms, giving us a graphic formula like this — 
O C O, which of course represents tho 
familiar suhstauct^ carbon dioxide, and is again 
symmetrical. 

Or wc may write the gr.aphlc formula of tho 
bodyCH .Cfl_. and substitute an atom of oxygen 
for the two hydrogen atoms that remain. We 
thus obtain the body carbonyl chloride, the 
graphic formula of which is : 


Carbon Linked with Carbon. Marsh 
gas doe>; not teach us one of the most remarkable 
jiroperties of carbon, which goes very far to 
account for the (‘xtra ordinary number and com- 
plexity of its compounds. This property, other 
instances of which ari^ very rare, is tho poAver 
Avhieh one carbon atom has of uniting directly 
Avith another carbon atom. This we shall come 
to study Avhen avc consider the liigher members 
of the series to wliieh methane belongs, and 
benzene and its derivatives. 

The Properties of Marsh Gas. As 
wo might expect, marsh gas is often produced 
in marshy ground. It is also very commonly 
produced in coal mines, thus in both cases 
having an organic history. It is known to the 
miner as fire damp, for when mixed with air it 
forms an easily and extremely explosive 
mixture. It is a colourless, odourless gas, 
insoluble in water ’rhe products of ils com- 
bustion are, of eours(^ carbonic acid and water, 
cand*it is hardly necessary to say that it has been 
liquefied and solidified. 

Preparation of Marsh Gas. It is im- 
possible for tho chemist to prepare marsh ga-A 
by getting carbon and hydrogen to unite directly, 
except Avhen both elements are in the nascent 
state. The easiest mode of its preparation is by 
the action of caustic soda on the acetate of 
sodium at a considerable temperature. The 
following is the equation : 

CHj,C0.2Na -f NaOH — CH4 -I- Na.,CO.p 
sodium carbonate and marsh gas Being the 
products. 


CorUinued 
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The Bursting of the Monsoon. 

R^olu», the great French geographer, has finely 
described the breaking of the monsoon. “ The 
monsoon is one of the most majestic of terres- 
trial phenomena. The .spectacle presented at 
its first approach may easily be contemplated 
from any headland of the Western Ghats, whit;h 
commands at once a view of the sea, the coast, 
and the mountain gorges. 'Phe first storm- 
clouds, forerunners of the tempest, usually 
gather between the (ith and the 18th of June. 
On one aide of the horizon the coppery vapours 
are piled up like tow(*rs, or, to use the local 
expression, massed like elephants going into 
battle. As they move slowly towards Uie land, 
one half of the firmament becomes densely over- 
cast, while not a speck sullies tlu^ dc^ep azure in 
the opposite direction. On the one hand, 
mountains and valleys are wrapt in darkness ; 
on the other, the outline of tlu* seaboard stamls 
out with intense sharpness. The surface of the 
sea and river assumes th(^ metallic hue of steel, 
and the whole land, with its seattcrod towns, 
glitters with a weird glare. As the clouds strike 
the crags of tlie Western Ghats tlie thunder 
begins to rumble, tlie whirlwind bursts over 
the land, the lightnings (lash in(•e^santly, 
the peals grow more frequent and prolonge<l, 
and rain is discharged in t^irrents. Then 
the black clouds are suddenly rent asundcT, 
the light of day gradually returns, and all 
Nature is again batlunl in the rays of tlu* 
setting sun.” 

Heavy do\^Ti pours occur almost daily while 
the monsoon lasts, filling the dry river channels, 
and supplying abundant water for irrigation. 
The failure of the monsoon means famine and 
the loss of millions of live.s. 

Natural Vegetation Zones, 'riiese 
are now familiar. In the north i.s the tundra, 
snow-covered and lifeless for more than half the 
year, but with a brief beauty of flower and berry 
in summer, when the wandering tribes find abun- 
dant pasture for their reindeer, and the flooded 
rivers swarm with fish. Vast forests, jicnetrated 
only by the rivers and tlie thin ribbon of the 
Siberian railway, stretch bctw'een the tundra 
and the steppes of Central Asia, which pass into 
deserts in the rainless regions already spoken of. 
All these we have seen more or less developed in 
Europe. What is new is the rich tropical 
vegetation of the monsoon lands, which reaches 
its most luxuriant development in the magnifi- 
cent forests of the Malay archipelago. Stanley's 
graphic account of similar forests in Central 
Africa has already been quoted, and the forests 
of Malaysia are, if possible, still more luxuriantly 
beautiful. 


Animals. It is probable that most of our 
domesticated animals came originally from the 
steppes of Asia, which are still the home of 
immense flocks and herds, often belonging to 
wandering tribes which follow them from pasture 
to pasture. The camel i.H used in the desert 
lands adjoining the steppes. In the mountains 
of Central Asia are many wild animals, including 
the great wild sheep ; the yak — an ox — is wild in 
the high pastures of Tibet, and is used as a beast 
of burden over the higher passes, some of which 
ar<i not far short of 20,000 ft. South of tlie 
mountain barrier which crosses Asia new animals 
arc found. The buffalo is the draught animal 
in India and China, and in the former country 
and Indo-China the elephant is used for heavier 
work and for show occasions. Snakes and tigers 
haunt the jungle, the latter animal being found 
as far north as Korea. The forests of northern 
Asia arc the home of many fur- bearing animals, 
and tlu^ ri'indoer makes life of a sort possible in 
liartK of lh(‘ tundra. 

Political Divisions. The largest Asiatic 
Pow<‘r is Russia, whose dominions — fi,IIt)4,0tM) 
square miles— stretch from the frontier of Europe 
to the Pacific Ocean. Its southern boundary 
runs east from the southern end of the 
Caspian Sea to the Ramir plateau, follows the 
Tiau Shan and otlier mountains bounding the 
Mongolian })lateau, <ioiiieides with the .Amur as 
far as the IVuri, and then runs south along tho 
frontiei* of Manchuria to the Korean frontiei'. 
(Vmterminous witli Russia from the J*amir 
plateau eastwards is (.'hina — I,278,(X)0 square 
miles — wliich extends .south to the Himalayas 
and the front itu's of Burma, and Indo-China, 
and west to the Pacific. The eastern part of 
the hido-tliina peninsula is French (25b, (X)U 
s(|uare miles) and the remainder belongs 
to Siam (200,(100 square miles) and Britain. 
The British dominions — 2,(XX),tX)0 square miles 
- — an* India, its eastward extension, Burma, a 
strip of the south coast of Arabia, Ceylon, 
the extreme south of tlie Malay peninsula, 
Hong-Kong and Wei-hai-w(;i in China, and 
part of Borneo. Afghanistan — 2;>0,(XX) square 
miles — lies between north-west India and south- 
west Rus.sia. Persia — 050,000 square miles — 
stretches between the ("aspian and the Persian 
Gulf, while Turkey controls Asia Minor, Armenia, 
Kurdistan, Syria, and most of maritime Arabia 
— ()54,000 squaic miles. The centre and south- 
east of Arabia are independent. Off the coast 
of Eastern Asia is the island empire of Japan, 
including Formosa— 160,000 square miles. Tlie 
Philippines belong to the United States. The 
rest of the archipelago is Dutch, with the excep- 
tion of the British possessions mentioned. 
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Races and Religions. Branchos of the 
white race inhabit the Turkish, Persian, and 
Afglian lands and miuih of India. The yellow 
or iMongoliaii race is predominant in the Russian 
Empire, Ohirifi and Japan. In south-eastern 
Asia we find the brown or Malay rare. 
Aboriginal peoples, not belonging to any of 
these, are found in many parts, 'riie great, 
religions of Asia arc Mohammedanism, found 
from the Mediterranean to the Paeitie ; Bmld- 
hisin, ehietly among lire Mongolia ns ; Hinduism 
in India; Confucianism in ('hina; Shintoism 
in Japan; and ('hristianity among the Kuropeans, 
who form the minority in Russia, India, and 
Indo-China, though they are tli<* dominant raet^ 
politically. In most parts of A.sia two or more 
religions exist side by side, and iio exard. limits 
ean bo stat(‘d for any. 

RUSSIA IN ASIA 

The ever-growing Emplrii of Russia in Asia 
ineUules the vavSt region of Siberia, the mari- 
time district of Amuria, bordering the Paeifie, 
Transcaucasia, or the highlands between the 
(Caucasus and the Armenian Highlands, and 
Transcaspia or Russian Turkestan, the .steppe 
lands east of t he (-aspian. 

Siberia. Siberia resemhle.s Russia in con- 
figuration and eliiuat<'. It is a. vast plain, e(|ual 
in area to f ho whole of Europe, rising in tlu; south 


and east to the highlands of Central Asia. These 
give rise to great rivers — the Ob, with its 
tributaries, the Ishim and the Irtish ; the 
Yenisei and the Lena, which flow north across 
Siberia to the Arctic Ocean. They flow throaigh 
highland scenery in their upper courses, emerge 
into the steppes at their northern base, cross the 
taiga, or pri manual forest, and then creep slug- 
gi.shly atu-o.^s the tundra to the sea, which they 
enter by great marshy estuaries. All are ice- 
bound for months in winter, and great floods 
occur wlien the frost breaks up in spring. Navi- 
gation is important only during the short 
summer, and settlement along the rivers is 
])roc.ecding .somewhat slowly. 

Th(‘ climate of Siberia i.s everywhere (jxtreiiu*, 
e.sp(‘eially in the east, wliere tlui northern limit 
of cereals is nearly 10'^ further south than in 
Western Silauia. Tiic summiTs are hot, especi- 
ally in the east. In Eastern Siberia barley can 
he cut t wo months after sowing. 

A Country of Vast Natural Re* 
sources. Tl\(‘ natural resour( 4 es of Siberia, 
though as yet little developed, are very great. 
The rieh hhu'k earth of Russia i.s continued into 
the steppes of Siberia., which are destined to 
become, one of tlu^ great wheat lands of the 
world. Russian autlioriti(‘s claim that nearly all 
the land soutli of 00 N. will he found suitable 
for cult i vat ion, when the forest.s arc cleared and 
tlic marshes are drained. Wheat is grown on the 



richer, and other cereals on 
poorer soils. Stockkeeping 
and dairy farming are ex- 
tremely important both in 
the st(?ppes and in the rich 
meadows. In the forest 
cl(‘arings meat and butter 
of excellent quality are im- 
IK)rtant exx)ort.s. At present 
much of the rkdiost land is 
too far from markets to be 
profitably used, but with 
better means of Iramsport 
the prosperity of Siberia 
will inerea.se rapidly. North 
of tlie agricultural zone are 
the forests, rich in fur- 
b e a r in g animals, and 
l)Osse.ssing in their timber 
a source of permanent 
wealth. Mineral.s, includ- 
ing gold, are abundant in 
the highlands, but coal 
seems to be scarce, and 
wood is the cliief fueh 
even on the railway.s. 
Population is still scanty. 
Towns are few, though 
new ones are springing 
up at central points of 
communication with a 
rapidity equalled only in 
the western United States. 
All are distinguished by 
a combination of show 
and squalor, fine hotels 
and cafes lig^t^ with 





arms factories, the train enters Asia, the s|M)t 
being marked by a. finger-post, pointing west 
to Europe and east to Asia. Clielyabinsk, 
the first important station, which has rapidly 
grown from a small posting station into a large 
town, is . the junction of a lino to Ekaterin- 
burg, which joins the lino to Perm, for Northern 
Russia. For nearly a thousand miles the linti 
erosse.s an almost tn^eless plain, dotted with 
occasional birch clumps, and chietly occupied 
in cattle-rearing. The stations arc some *20 or 
30 miles apart, and generally some distances from 
the town or village from which they take their 
name. Towards the end of the second day the 
traveller begins to notice the Kirghiz inhabUants 
of th(*. steppe, either riding after their flocks and 
herds, or even taking their seats in the train. 
They are dressed in long sheepskin coats, with 
high, rod leather boots and fur-trimmed caps, 
and their bowed legs tell of a life spent in tin* 
.saddle. The towns of Kurgan on the ToIk)I, 
Petropavlovsk on the Ishim, and others are .seen 
in the distance, and at last the train reaches 


109. THE SIliKKIAV U.VILWAY 

the Amur Valley. Th(^ main line continues south- 
east into Manchuria, and reaches Harbin, in 
the centre of a district whose fertility amazes 
(‘very travelk'r. “ Masses and masses of millet 
(‘xtoiid mile after mile as far as the eye can see, 
ocarasional chimps of trees looking like little green 
dots in a bronze-brown sea, and the villages them- 
selves being half buried in t he siirroimding crops.” 
From Harbin the traveller can go east to 
Vladivostok, or continue his journey south. For 
two days and nights he stcvims tli rough crops 
such as are in all probability tq be seen nowhere 
(‘Isc in lh(^ world, passing Mukden, the capital, 
and reaching his journey’s (‘ud on the shores ot 
the Pacific, at the great military and naval base 
of Port Arthur, which is now ^leld by the vi<v 
toriou 8 J apa n esc. 

The Siberian Line in Winter. In 

winter all the traveller sees is leagues of snow 
on every hand, half burying the scattered 
villages. “ Water for the stoves and the train 


Omsk, on the Irtish, the c;apital of the steppes, to be brought hot. Jest it should freeze on 

Omsk is in a sense the boundary between east Ihe w'ay, and men at the stations have to ehop 
and west. uff k>ng ieieles from the train.” This gives 


East of Omsk. From places east of Omsk, 
wheat, barley, rye. oats, meat, skins, and even 
dairy produce trend eastw'ard.s, to supply the 
needs of newer settlements ; but from Omsk they 
begin to flow west, to 8t. Petersburg and Moscow, 
'Northward by the rivers to the Arctic ports, .south- 
wards tc Odessa, and by caravans to ( Vmtral Asia. 
l!he Ob is crossed a bridge h alf a mile long, .some 
Smiles above Tomsk, a university town, which is 
reached by a branch line. Trees now become more 
numerous, and soon the train plunges into the 
forest, through which it nins for hundreds of 
miles to Krasnoiarsk, on the Yenisei, in the 
eentre of a mining district. The land is now 
steadily rising to the highlands round Lake 
Baikal, ^2 miles west of which, on the Angara, 
is Irkutsk^ the largest city of Siberia, which is 
reached on the fourth day after leaving the Ob. 
It has fine buildings, excellent technical and 
other schools, and important gold -smelting 
wrks. Beyond Lake Baikal the line runs 
Hirough yari^ scenery to Chita, the capital of 
Trans-Baikalia, near which a branch diverges to 


.some idea of the difiiciilties Russia has to meet 
in oxiening up her Siberian provinces. On the 
other hand, the inttmse cold makes it possible 
in winter to transport meat and dairy produce 
for long distances without refrigerating oars, 
which are necessary in summer. Sledge travel 
is oa.sy over the bard snow, and at Petropavlovsk 
the traveller just quoted saw' the strange sight 
of sledges drawm by camels setting out for 
Taslikciid in Turkestan. 

The southern steppes of Siberia on either side 
of Lake Balkash and in the ba^^in of tlie Upper 
Irtish are much hampered by the dry and extreme 
(fiimate. Sandstorms devastate the country 
in summer and blizzards in winter. The chief 
occupation is the rearing of livestock— sheep, 
horses, cattle, camels, and goats. The largest 
town is Seraipalatinsk, on the Irtish, com- 
municating by that river w'ith Omsk, on the 
Great Siberian line. 

Russia on the Pacific. The Pacific slope 
of the continent is Russian from Kamchatka 
to the Korean frontier. The mountainous 
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peninBula of Kamchatka, with snow-peaks as 
high as the Swiss Alps, has a dozen active and 
many extinct volcanoes. The winters are long 
and cold, tlie summers short and not warm. 
A little agriculture is possible in the interior, 
but -hunting fur animals and fishing arc the 
chief occupations. The richest part of Piieifie 
Russia is the basin of th(r Amur, which separates 
Russia from China. This river (2,700 miles) 
giv^es a route to tlu' Piustic opjioj^ite the moun- 
tainous island of Sakhalin, now partly Jajmnese, 
while its right hnnk trihulary, the iSnngari, 
has gPMitly aided Russian de- 
signs on Manchuria and a warm- 
water j)ort, th(* l.ittei- frus- 
tratc'd hy the lo^s of Port 
Arthur, BlagoeesteJuuisk, on 
the main stream, the adminis- 
trative* centre, has steamer 
comm unieat ion with Str l(“usk 
in IVanshaikalia, Nikolaievsk, 
the port of the Amur, and Lalo* 

Khanka, a feeder of the Usuri, 
a right bank tributary. 'I’lie 
Amur is closed hy iet^ from 
November to April, as is aUai 
Vladivostok, Russia’s magiiili- 
eerit harbour and naval station 
ill Southern Amuria. .Vgrieuh 
turo in the rieh valleys of the 
Zeya and Barcya, left hank tri- 
butaries, gold mining in the 
Stanovoi higldands. hunting in 
the great forests, and tisliing 
in river and sea arc? the occu- 
pations of a scanty po])ulatiou 
living in small villages some 
20 miles apart. 

Caucasia. C’aucasia occu- 
pies the isthmus between the 
Black and (’as})ian Seas, 

Batum and Pot i being ports on 
the former, and Baku on tiu* 
latter. North of the Caucasus, 
with Klbruz rising to 18,000 ft., 
are the high steppes of the 
Terek basin, engaged in agri- 
culture and cattle breeding. 

South of Iho Caucasus is the 
rift, drained west to the Black 
Sea by the Rion and east to tlu^ 

Caspian by the Kiir, with tin* 
capital, TiOis, finely situated 
in its middle gorge. Both are rich valley.s, 
growing mulberry, vine, maize, and other fruits 
and cereals. South of these valleys the land 
rises to the Armenian plateau, which is^eparated 
from Persia by the deep valley of t ht^ Araxes. IMu*/ 
summers are everywhere hot, but severe winters 
are experienced in the hi /hlands. The rainfall is 
heavy in the west and extreme south-west, but 
much of the cast is arid. The cultivation of 
cereals, <?ot ton, vine and tobacco are important, 
with cattle rearing in the higher pjisturcs, but the 
richest asset is the petroleum region around Baku. 

An Oil City. Civil war has temporarily 
^ ^alooatcd the oil industry, but soon the following 
will again bo true. ‘‘ If there were 


no oil there would be no Baku. In addition to 
the Baku of lofty houses, good shops, and 
spacious streets, there is Black Town, where 
thousand-i of tons of crude oil are daily reduced 
to kero.sinc, benzine, lubricating oil, and residucrt 
for fuel. Thiu'o are vast forests of derricks, 
under which are carried on those opera ions of 
boring and piim}>ing which disgorge tJie wealth- 
bringing oil from the bowels of the cwth. 
Balakhani. with its 2,000 derricks, packed as 
close MS trees in a foiest, is "one of the 
wi‘irdcst siglits I ever beheld.” 

‘‘ 1 stood and watched the 
rich, dak green fluid, with its 
pink, glittering froth, being 
discliargcd by the great baler 
of one of tlic borings, an im- 
pl(*ment wliich raises upwards 
o- 100 tons of oil a day. A 
s pouter often blows the derrick 
to matchwood, but it throws up 
nnythiug from 7,000 to 10,000 
tons of marketable oil, worth 
from £:ir>0.000 to £500,000, in 
24 hou:s.” 

An Inflammable 
Region. The soil of this 
region is so logged with petro- 
leum that intiammablo gas is 
constantly escaping from the 
surface. It is literally possible 
to k( 4 the Caspian on fire in 
places, and, by poking a stick 
into the ground, to sot free 
enough gas to light a flame 
several feet liigh. Baku oil 
go(M all over Europe and Asia, 
and giv'cs Russia a cheap fuel 
for the Caspian and Black Sea 
steamers and the railway on 
cither side of the (Caspian. 

Russian TurKestan. 
Tlu* Russian possessions east of 
the Caspian and south of Siberia 
consist of waterless deserts of 
sand round the Caspian and the 
Sea of Aral, passing into steppes 
as the land gradually rises 
towards the mountains of 
( Mitral Asia. The region forms 
an immense basin of inland 
dru inage. The great Amu Daria 
and Syr Daria flow to the Sea 
of Aral, while others flow to Lake Balkash and 
smaller lakes. Where irrigation from any river 
is possible, an oasis -largo or small — can be 
made, in which cereals, fruits and cotton grow 
luxuriantly. Russia is devoting groat attention 
to the cultivation of cotton in her Central Asian 
possessions . 1 1 is the staple product of Ferghana, 

the fertile region at the base of the Tian Shan, 
watered hy the UpjK*r Syr and its feeder, the 
Naryn. Here are situated the chief towns of 
Russian Turkestan, linked by the Transcaspian 
line with each other and with Europe. 

The Transcaspian Railway. The 
traveller starts from Krasnovodsk, on iho 
Caspian, a desert town which distils all its 
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water from that brackish sea. For many hours 
the train runs across the desert between low 
hedges of sanddoving plants, planted to prevent 
the sand drifting deep over the rails. At long 
intervals it poss^ Askabad, near the Persian 
frontier, and Merv, created by the Murghab, 
which consequently runs dry before it retichos 
the Amu or Oxus, both oases in an all-surround- 
ing sea of sand. The Oxus is crossed by a bridge 
a mile long, and the train plunges across the 
desert to Bokhara, which owes its fertility to 
the innumerable canals into which the Zerafshan 
is diverted. The country gradually becomes 
less arid towards Samarkand, on the Zerafshan, 
once, like Bokhara, a world-famous centre of 
Mohammedan learning, and with some fragments 
of its former splendour. The line now enters 
the Ferghana region, watered by the Syr and its 
tributaries from the south, and passes Andijan, 
in the (icntre of the cotton country, (liernayeve, 
the junction for Tash- 
kend, the chief city of the 
Tipper Syr, Khokand 
and Marjilan. Fi-om 
Tashkond a line runs 
across the K h i i - g i /. 
steppes to Orenburg, 
where it connects with 
the European network. 

A line? is projeckd to 
the wlicat districts of 
Siberia that Ferghana 
may obtain cheap food, 
and devote its rich soil 
exclusively to 
cotton for the 
textile industries. 

Turkey in Asia. 

Asiatic Turkey lies west of a line drawn from 
the eastern end of the Black Sea to tlie IVrsian 
Culf. Much of the surface consists of highlands 
with valleys which are fertile under irrigation, 
hut. lapse into destrt where this is neglected. 
Of the famous cities of Greek and Scriptural 
history little remains but tlu^ name, and th<> 
whole region is in a backward and neglected 
ecMidition. The great peninsvda of Asia Minoi;, 
separating the Black Sea from thi* Levant end 
of the Mediterranean, is a plateau averaging 
3,000 ft. in height, but much higher in the 
south, wiiere the Taurus Mountains rise to 
nearly 10,000 ft. The famous pass of the 
Gilician Oates leads down to the fertile plains 
of Adana, watered by the Jihun and Scihun, 
and growing much cotton. The port is Iskan- 
dernn, in tlie angle betw^een Asia Minor and 
Syria. On the plateau sheep and goats are 
kept, the wool and hair being made into carpets, 
and the skins into leather. In the valleys 


wheat, vines, etc., are grown, and dried raisins 
and figs are important exports. The ports are 
Trebizond, iSamsun and Smo]^, on the Black 
Soa, and Smyrna on the Mediterranean. 

Turkish Armenia. Turkish Armenia 
lies east of Asia Minor. The capital is Erzerum, 
a centre of caravan trade, on a fertile plain 
watered by the Kara Su branch of the Euplnates, 
which rises in th*^ Armenian Highlands. The 
elevation makes the winter severe on the pastoral 
highlands, while in the valleys, where cotton, 
tobacco, cereals and fruits are grow'n, the 
summers are intensely hot. 

Mesopotamia. Th(^ Euphrates, which, 
with its tributary the Tigris, drains the 
Armenian Highlands south to the Persian Gulf, 
lias its u})per course in picturesque defih's 
through the highlands. It thiMi enters the 
alluvial plains of Mesopotamia, tmee the garden 
of the world, and the seat of the famous power 
of Ninev(‘h and Babylon. 
The w'hole of tliis region 
has lapsed into a bare 
waste, with indifTerenl 
past u r a g e , w'here a. 
scanty population ekt‘S 
out existence on lands 
which once fed millions. 
ITagdad, on the Tigris, 
onc(‘ tlie centre of all 
commerce helween the 
Mediterranean and the 
Pt^rsian (Julf, has still 
eonsidernblc* trade. Ex- 
cellent datiis are grown 
round the Persian Gulf 
and exported from 
Basra. A raihvay is 
projected across this region to the Persian Gulf. 

Syria and Palestine. West of the 

Euphrates lies the Syrian desert, continued 

south by that of Arabia. The Mediterranean 
littoral of Syria and Palestine receiving winter 
rains has been, and might again be, extremely 
fertile, producing all Mediterranean fruits and 
ct^reals. East of the L(*banoii mountains are 
.\leppo, on the trade routes from the Persian 
Gulf by the Euphrates towns to Iskanderun, and 
Damascus, the cajiital of Syria, and one of the 
oldest cities in the world, a green spot, on the edge 
of the desert made fertile by the Abana. Haifa 
and B(*init, in Palestine, are ports on the Medi- 
terranean. Jerusalem, tht^ capital of Palestine, 
west of the Jordan, which Hows to the Dead 
Sea, is sacred to Glnistians for its religious 
associations. A railway follows the pilgrim 
route from north to south, with branches to 
Haifa and Beirut, on the Mediterranean. A 
railway also joins Jerusalem to the )iori of Jaffa. 
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FUR MERCHANTS 

Tho lot.ailin)' of fur ^^armrnts is a bram'li of 
shopkeoping that must not bo lightly iimlor- 
takon. Furs being more or loss a luxury, tln^n^ 
is no Hoopo for a gt'iioral traih\ an<l nlmost 
every draper of any prott'nsions has a so-oalled 
fur (i(*[)avlmcrit. Tlie prioo of furs of all kinds 
is ineniasing annually. Twenty years ago 
onr iuoIIkts and our aunts had sabh* iniitfs 
(»r Kal)le eollais for which tliey paid perha])s 
two or thn’o guineas apiece ; to-day the sjiinc 
article, cannot be bought under ten, or even 
twenty guineas. 

Capital. It will be seen. Ihendore, that 
a considinaViU^ capital is required befon^ em- 
barking in the business, and, as a matter t>f 
fact, it is next to impossible for a man to start 
a fur store pure and simple unless he has at 
least £1,500 in hand, and a thoroughly practical 
experience in all branches of th(» fur business. 
Provided, liow(^vcr, he has these nHiuirements 
and the mMusssary jiddrcss and business acumen, 
he may eonfideiitly look for a very comfortable, 
not to aay enviable, livcliliood. For it must 
not be forgotten that although it may be ealled 
only an cight-montlm’ trade in each year, 
during the inituvening four months the stock, 
if ean^fidly pack('d away, is not deteriorating, 
but is rather increasing in value, for the steady 
tendency of upward [)ric(*s for furs shows no 
signs of weakening as tlie y<*ars go by. In the 
sumimu’ iiumtliH theri^ used in years past to be 
a trade dont' with American visitors to this 
country, and especially to iho metropolis. 
But the raising of the American tariff on furs 
luis killed this outlet for tlio dtvid season's 
stock, and the practical man, who is not oidy a 
fur seller but a furrier, employs hims<?lf in ])re- 
])aring skins, making up stoles, (^aps, muffs, 
and so forth in preparation for the next winl-er's 
trade'. In the siimnu'i* many furriers now s(*ll, 
liowever, feather stoics and feather boas. The 
ever-growing importance of motoring has given 
in recent years a HUip to th<i fur industry. 
Bearskin (H)ats, caps, and gloves for men, 
Russian pony coats lim'd Avith scpiirrel lock, 
and leather - lined miisrpiash trimmed with 
fox for ladies, are nowadays quite numerous 
and staple Jirticles in every ])rice list. There are 
also motor muffs, fur hmt-Avariners, and rugs 
that were unknown a few years ago. 

Learning the Business. As has already 
been stated, it is essential, in order that a thorough 
success may he made of an intricate business, 
that the prpspective fur merchant should be 
efficiently tlll^ined. This training is secured by 
apprenticeship to a working furrier. The Fur 
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and Skirl Trarlcs Sru'tion of the London Chamber 
of Commerce, in conjunction with the Furriers’ 
Association, has a scheme for securing for 
youth.‘< Avilh an amhilion towards furrierj^ an 
ad(‘<juate knowh'dge of all branches of the 
trade. At a nuM'ting f)f the Fur and Skin 
Trades Section of the London Chamber of Com- 
merce in PIDIl a form of agreement be.tAvccn 
appren tiroes and employer was adopted which 
is now in use. Tt is an agreement in legal 
terms on the basis of the usual apprenticeship 
agreement, arranging for the amount of premium, 
tlie term of service (usually five years), the 
hours of service, and tlu^ payment (per Aveek 
per year) during the ptuiod in which tlie 
cniployer would “ teach him or (uius<5 him to 
be taught " lh<' art of fur making, fur cleaning, 
fur dyeing, or Avhat not. 'J’he Association 
endc'avours to bring suitable employees and 
employers into touch, and looks after the 
interests of both impartially for the general 
benefit of the craft. 

The Practical Man. The advantage 
which the practical man ha« over the graduate 
from dra])ery, avIio knoAvs only enough to dis- 
tinguish kinds and qualities of furs, and to bo 
able to sell them, is all- important, for the 
chief part of the beginner’s work at first 
Avill be to (‘airy out repairs on furs that arc 
brought to him, and to make up small garments 
to order. KtJ should not only knoAv furs, 
their peeuliaritii's and their characteristics, 
but he should have a knowledge of dyeing 
processes, he shoidd lx* able to clean furs, and 
he ought to he tailor enough to actually make 
(HAats, caps, and other necessary garments. 
To he ready to give a lady an estimate on the 
spot for the making of a sealskin jacket or a 
motor coat is in eight easo.s out of ten the differ- 
ence betAveen getting an order and losing it. 

Beginning Business. A shop in a good 
neighbourhood is an essential. It should be care- 
fully decorated, and the rental would be £400 
or £500 probably — a modest estimate for a 
London West End establishment — or something 
less in the best shopping street of a big provincial 
city. The fittings should be well made but not 
elaborate, anil in consonance with the expensive 
character of the stock. One or two solid wall 
cases Avith glass fronts and mirrored backs, a 
counter, and a series of large drawers (for storing 
necklets, muffs, and linings), a large full-length 
mirror, a carpeted floor, and a few brass stands 
AA'ith arms for displaying goods are requisite. 
A sum of £150 to £250 would be spent on fittings 
of that character — plain, substantial, and good. 
Mahogany is probably the best wood to select for 
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tlio fittings ; it will last well, look bettor, and 
more in keeping with the character of the 
Block than lighter-coloured or more garish 
material. The best tiiiK^ of the year to start is 
August, preparatory for the season’s trade, which 
commences in September or October. 

The Stock. The fur merchant who knows 
his business will always be careful not to over- 
stock. The wholesale houses are ever ready to 
^cnd on approval a varied selection of any 
particular goods required to suit a customer ; 
but a large stock of any one? article or series of 
articles is not necessary. If a customer is not- 
satisfied with any one of the lines tlje furrier may 
have to show, he or she may be satiated on the 
following day by a further seUs:‘.tion which the 
furrier has meantime obtain<?d from his whole- 
sale house. But it is obligatory that some 
piu’raanent stock be kept, in ordcu- that a show 
may be made and customers attrac;tcd. The 
furrier would go round several wludesale houses, 
therefore, and buy about £.500 worth for lus open- 
ing stock. The articles of which he woiild have 
the greatest selection would b<‘. the easy-sidling 
and less expensive lines in muffs, necklets, 
stoles, fur linings, fur trimmings, and rugs. 

Stoles anti ti(‘s are more necessary than any- 
thing — even than muffs — so a fairly large 
selection of these should be kept. In iiiufTs 
lie would select one or two of each in bear, 
opossum, raccoon, natural raccoon, lynx, 
natural opossum, giuiet, Persian laml>, grey 
squirrel, grey astrachan, otter, fox, seal, mus- 
quash, skunk, sable, fox, grey and natural 
moufflon, seal, bear, astrachan, mink, beaver, 
bltxek Thibet, white Thibet, marti'U, grey 
squirrel, sable, ehiiiehilla, ermine, and baum 
marten. These are for hand muff’s ; ho would 
require also a few large carriage rnulTs in opossum 
(shades), in seal musijuash, beaver, astrachan 
(black and grey), ermine, skunk, ebincbilla, 
black Thibet, whito 'rhibet, sable skin, sable, 
and beaver. Bag, or flat -shapi^d muff’s in seal 
musquash, seal, black Persian lamb, beaver, 
skunk, and mink arc still very popular, the 
round shapes having gone out of fashion. A 
few children’s mutts and ties, ehieffv white, in a 
variety of furs might also be added. The fiir 
linings for cloaks are usually in groy and white 
squirrel, in all grey squirrel, in kaluga, or in 
hamsUT. Fur trimmings (to sell by the yard) 
include black and brown rabbit, and bear, 
opossum, raccoon, fox (white, grey, etc.), white 
hare, natural raccoon, opossun), and lynx, beaver, 
chinchilla, ermine, grey squirrel, bear, skunk, 
natural and grey mouffions, white and blat^k 
Thibet goat, Alaska fox, Ok'stial fox, black and 
grey astrachans, skunk, opossum, mink, seal 
musejuash, natural musquash, otter, squirrel 
(dyed), stone marten, and sable. As the season 
advances, lighter trimmings, besides tliose men- 
tioned, comprise fitch, grebe, kolinski. Iamb 
(white astrachan, krinmer, Persian), marmot, 
miniver, and nutria. He would «Iso select an 
assortment of one dozen perambulator fur rugs 
(mounted on coloured cloth), in white or grey 
Himalcwan goat, grey opossum, jackal, wolf, 
white Thibet, bear, and wolverine. A selection 
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of fur cuffs and gauntlets might also be made, 
and half a dozen carriage rugs. The last-named 
are usually in natural shades of Australian 
bear, opossum, Himalayan grey goat, jackal, 
wolf, raccoon, lynx, Japanese fox, wolverine, 
bear (black, brown, and grizzly), black Himalayan 
goat, grey fox, red fox, beaver, mink, and sable. 
It would 1x3 nece-^sary also Uy have one or more 
sealskin jackets, and an assortment of musquash 
coats in tlilTerent styk‘s, with ptiihaps a sable- 
eolourc<l coat in squirrel back, earac'ul, squirrel 
lock, or Persian lamb, and perhaps a cape or t wo 
in sable marmot or electric seal to give variation. 
St-ok's of Arctic fox, sable-dyed marmot, chin- 
chilla, et(‘., and a good and varied selection of 
ties in Hudson Bay sable, imitation silvtT-pointcd 
fox, Alaska fox, Persian lamb, Persian paw, 
and caracul ; mink, stone marten and baum 
marten are advisable if the money will permit. 
Then the different styles have to be stuff i(‘d ; 
ihert^ is the mink hlousi', the caracul jacket 
trimmed with marten, the caracul sae coat 
trimm(3d with ernhioidercd velvet ; all tlic vary- 
ing tastes and fashions h.ave to be considered. 

The Dictates of Fashion. In the 
foregoing paragra^ih it must be distinctly hornet 
in mind that an indication only is given of what, 
may he recj u ired . i t is irn possi hl(3 to skit d efin i U^ly 
what a man must buy, for the <'haiiges of fashion 
in furs are as erratic and iinaceoimtahle as the 
changes in the wcatluw. I’his year there may 
be a run on ebincbilla, next year on mai'inot, the 
season following on marten, and so on. Sables 
are about the only fur that may lie eonsidfjrcd 
permanently fashionable ; but there is not 
only the fur, but the style of garment to be 
eonsidenxl. Jackets of I<]mj)ire style, looser 
sacs, lioleros, and so forth, may each or all be 
the rage of the season. Litst season there was a 
run on fur tocpies and fur hats of various shaf)es 
for ladies, and tb(3 praetks' of wearing stoles 
loosc'ly thrown back over the shouldms neecssi- 
taknl a dilbs’cncic in sliap{‘s. White bare was 
in grtNit demand (also dyed to imitate fox), 
likewise stone marten and baum marten. The 
shapes of stoles and lies and tlarir colour vap^ 
annually. Squirnff also is most fashionable, 
’^riie m«an of experience keeps his eyes wide 
ofien, then, on that mysterious female entity — 
whoever she may be — who sets the fnshion.” 

Storage and Jobbing. An inqiortant ))ai t 
of the business is the storage of customers’ own 
furs during the summer months. When' rich 
and delicab*. furs are in qi.estion. the res])onsi- 
bility of keeping them is invariably thrown on 
the furrit'r, and it pays him to (‘Ticounige it. 
Many furrit'rs have special facilities, such as 
storing chambers kept at the j)ro[)(T tcnnpi'ra- 
iure — cool, but not too eoki. (’onstaut inspec- 
tion and care must be exenjisod during the 
storage period. Th(3 furs should he taken out 
jK 3 riodicaIly and beaten lightly with a cane 
beater to free from dust, while a keen watoh 
should be kept on flying scraps of fur, indicative 
of the probable presence of moth eggs or larva. 
To protect against moths, it is sometimes tulvis- 
able to use paper, wrapping each artichi stqmr- 
ately, and pasting down so that the casing is as 
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airtight as possible. The packages are then 
stored away in a cedar box, or a roeef)tacle con- 
taining haplithalene or p(‘pfM^r. In the casw? of 
large articles, like coats or capes, it is bcttia* to 
liang each up separately. A coat should always 
be hung by its own wooden or metal hanger, 
a,nd this is sj)ccially d(‘siiable in tlu‘ case of a 
h<'a\y fur garment, which is liable to lose* its 
sha|w^ if susjsuided by a neck-loop. A i-alico or 
liolland bag is used for a coat, made largo (‘iiougli 
to tfike tlu! garment without. f<»ldiMg. and witli 
a dra.w-str ing at the mouth. ( ’auiphor should Im‘ 
used w'ith caution, as it is said to pf>ss(“ss bleach- 
ing ])ropcrti(‘s, but ius(‘<*t powder, coal- tar 
derivatives, and c(‘dar wood an* often cmploycil 
as motfi prcv(*ntivcs. (\)ld storage is tfie popular 
Jiadfiod of lv(‘cping furs at the piv'seiil tifue, but 
the hegituier may not Ix' abl(‘ to provide a eold 
storage (‘hamber for so?ne ‘if’d w'<»uld fall 

l»aek on the otlua* metliods. 'I'lie usual eharge 
for storage* is ! p<*r cent. pt‘r annum on th«^ 
value* (d the fur ; but West Knd fur heuise*s 
eharge 1 pe‘r ce*nt. |)er month, and ge*t it witli- 
e)ut treadele*. lt<*sid<'S guarante*(‘ing tluit the furs 
arc* ke*pt fre*e from meitlis, it is usual alse) t«t insure 
the'm against fire' during tlu* pe rieeel eif stcuage. 
The re'pairing de*partm<*nt is important te) the 
lieginncu'. He must be aide to einde*rtnke ultena- 
lions in furs, se) tliat se*alskin jackets are re- 
dyed, relined, and remade in any style. He 
should like'wise* be pre*])ared to ele*an furs anddye 
them aeeeu’ding to tlu* prevailing fasliie)n, besieles 
iH'ing ready te> dre'ss and me)unt any skins that 
may he hrouglit te) him. With regaicl to fur 
trimmings it woulel pe*rliaps he* be*lt<*r for the 
pva.e*tical man te) buy skins anel e*ut his trim- 
mings as tbc'V are* reMpiir<*el. At the pt’e*.seut time 
they are not much us<‘d. 

Buying and Selling. It is ne)t usually 
worth the fur mere-hant’s while to l)uy his skins 
diivetly in the* auetie)n re)om, but he* woulel k<‘e*p 
an (*ye een the periodie sale's, full particulars of 
which are given in ane)tlier s(*e*tie)ti that on 
Diik.s.s w’heTe* alse) will he te)iiiiel the ce)mparati\’t‘ 
price's e)f skins. These piiee's a’a*, iu>u'e*ve*r, for 
wdiolesale* epianl it ie-s, and h'w^ fur merehants 
would care* te) buy re'gularly in bales. Me)reovcr, 
tlu* furs have* lUNirly .ill te) lee trt‘ate*el be fore bc'ing 
r<*ady for making up iiUe) we*ai ing apparel, and 
the ee)st is thus naturally e*nhane*(*d before* tlu* 
goods leave* tlu* whole'saU'i*. Hut a man of goot! 
e'liaraete'r and re*])ntation, with a e’apital e)f 
i!l,ot)t), weenid have little* elitlieulty in .securing 
a ge)od refen'iice* liouse* and in getting a steak. 
}m)e*eeding, as he weiuld, exactly on the* liiu's de*- 
seribed under Di a fiers. He could buy in August , 
and Ijave* the ge)e)els dateel \ove*ml)e*r, I )eee‘mb(‘r, 
e)r ev(*n late'f, aceeerding to arraiigi'ine'nt. It is 
always we*ll, of course, to ])ay “ j)rom})t,” if 
eonveiiie'nt, as he will thus se'e-ure at least .‘bj per 
ec'Ut. discount, and tlu* ditfe'renee betwt'e'u .*1] ])er 
cent, and ‘JJ per ec'iit. fe)r two or three* months' 
longe'i* credit is cemsieh'rabk* on a large opening 
order. With rc'gard to j)rofit, it may fairl}' be 
considered that an average profit of from 40 ]>or 
cent, to oO per cent, on the* return must U* looked 
for. At any rate*, a gross profit of not h*ss than 
33J per cent. m«ist In- made in ord(*r to tide over 
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the four slack months of the year. Stock should 
he turned over at least four times a year. When 
the business is fully establi.shed, the experienced 
merchant will make* the end of the season a .suit- 
able time te> go round and )>i(ik up the bargains 
that may be had, storing them for the summer 
in anticipation of the rise likely to occur at the 
hc'ginning of tlie nc'w^ season. The trade in cheap 
furs, such as rabbit and imitation seals, is 
scarcely worth the candle, so far ns the fur 
merchant pure and simple is concerned. That 
class of trade is fully coven'd by the draper, 
and the ])rotits that ae(*rue would not teml to 
sf'iious corisidt'iation where a ioOO lent to bo 
paid out of furs alone is concerned. 

GENTLEMEN’S OUTFITTERS 

The busincvss of a gentlemen's out litter is a 
])leasant and prolilable one for a man with 
mt'thod, tast(*, a popular manner, and tho 
necessary <‘a])ital. If such a man liav(* served 
an appr('utie(*ship to the business, and had 
experience* as an assistant fo!‘ a f(*w" years, 
success ought, to follow' as a matter of course ; 
b;it evt*n if the would-be geiitlem<‘n\s ou Hit ter 
have* no first-hand and intimate*. aeepiaintan(H) 
w'ith this spex'ial de'partnu'nt, but be familiar 
with the gem'ial elrapeay trade* ejnly, he may In') 
w'ise in embarking in it. The* backbone* e)f a 
ge'ntU'men's oiitlitting business is a j>ropcrly 
lifting shirt, anel l})e rt'tailer should shape) his 
e*oarse) ace^ordingly. He shejidei learn to measure 
fe)r shirts and te) e*ut out from ine*asiire*s. The 
nece'ssiry knowleelge* ean be aeepiii'ed without 
dittie'ulty by eleve)ting a ge)()d proportion e)f the) 
spare lime e>f six ineaUhs. 

The me)sf aus])ieious time for a start is the) 
me)nth of September, wlu'U the \vint(*r trade* - 
w'hie*h is the most irufjoraut in the* ye>ar — is 
l)t‘ginning. The capital should ne)t be* less than 
1^250, but this w ill siiflie'e*. 'riii* shop taken should 
be* ele)id)le*-fre)nte*il for ehe)ie*e', with ple'iily of 
w indow space*. Display is itti port ant. The 
inte'Hor e)f the* shop ne'e'd not be large*. A small 
sheep we*ll st<)e*ked is n ueh he'tter than a large 
e)ne* e*arrying only a thin sleH*k, anel as the? rent- 
e)f ])re*inise*s usually ele*pe.*uds U]ioii Hoor space, 
eve'iy sepiare yard saved nie'aiis le)W(‘r rent and 
smalle'i* e*xpe*nse. The*, site* ehe)S(*n sliotdd bo 
ne*ar oHice's or works w lK*n' me*n pass fre*epie*ntly. 
^r<*n elo ne)t usually ge) slK)ppiiig " as wome'ii 
do, pre'ferring to make* tbe'ir purchases in tli^* 
re elite* of their promenade to and from work. Tho 
re'iit of a she)]) sue*h as we have indicated will 
])robably be a.l)e)ut tloO in a e'ity, or half to 
two-thirels of that sum in a large) town. 

Front and Window. The) (^xterie)r of 
the* sl)e)p she)iild ))e paint (*d white or stone colour, 
and a goe)(l glass facia and stall boards shouhl 
be fitted. If space permits, !none)y should bo 
s])ent on one e)r two small outside) wall cases, 
wliiedi slieailel always be neatly dresse'd wath the 
latest novelties marked in plain figure's. Sucli 
eases, if properly attended to, will be very 
remunerative. External fit t iiigs such as w'e have 
indicated will cost about ^IT). The window 
enclosure must be made dust-proof, and ought 
to be fitted with a large aide mirror, so as to give* 
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the effect of space. A good variety of window 
jittings ought to bo ixjught — brass rods with 
movable brackets, shirt stands, telescopic 
stands, and a glass shelf, or more tluin one, along 
the front of the window. The sum of £15 \ipon 
the window interior should not be coiisideicd 
too much. 

The Shop Interior. The ceiling should 
bo plain white, the walls neatly distempered, 
and the floor covered with plain linoleum. 
I^hese details, with two or three good rugs and 
lialf a dozen bentwood (diairs, will make a bill of 
about £10. A similar sum will purchase a (> ft. or 
8 ft. counter, with glass case top, ends, and sides. 
For the rest, the wall shelving sliould lx* of plain 
deal, of height and depth to suit the stock boxes ; 
there should be a plain strong tabic to use for 
cutting out, and sundry rods and brackets wliero 
convenient for hanging goods on for display. It 
is well to have proper stock boxes of uniform 
colour. Two or three dozen wood or millboard 
boxes, covered with green union, will sufliee. 
All these oddments will add another £10 to the 
expenditure. 

Shop Assistance. Tlic expense of sliop 
nssistanee will not be great at the start. An 
apprentice engaged for thre(3 years may be had 
for 5s,, 7s. (id., and lOs. per week during tlic 
respective years, and in provincial towns ilie 
wages are lower still. VVlien an assistant sal<*.s- 
maii has to be engaged, he will demand £2 {x-r 
week in the city, if a good man, with probably 
commission on liis sal(‘s. The usual commission 
is IJ per cent., and this will make an addition of 
15s. per week, on the average, to tlx' assistant's 
wages 

Shirts. In describing the sUu’k, we shall 
considen* shirts first. Those of tlu^ best quality 
should be cut out on tlx^ premise.s and sent out to 
be made. But the greater ])art of the shirt 
stock will factory-made and bought, ready for 
wear. Cheaper quotations can u.^ually bo had 
by ordering the stock of shirts out of s<‘as<)n- 
liavc winter requirements made in summer, and 
vice versa — as the makers arc pl<*ased (<> til! in 
slack times. 

White shirts witli longcloth body and starched 
cuffs and fronts must be stocked to retail at. ‘2.s.6d., 
IIh. ()d,, and 4s. (id. each, or at slightly lower 
prices in half-dozen lots. A business shirt with 
a .short front, narrow* wristband.s and detacliablo 
^euffs, should be kept at about Us. Od. Dress 
shirts for evening wear should have ample wide 
fronts to suit dress waistcoats, and there is a 
style with expanding fronts, whi(!h is veiy good. 
These, of course, should have only oiuj stud hole, 
in front. Particular attention mii.st be paid to t-ho 
cut of shirt sleeves so that the cuffs may injver 
cause discomfort when writing. A ta|)e loop at 
the back of the neck to take the necktie, and a 
tab at the bottom of the front, ajc details which, 
in a filiiil, often commend its acceptance. The 
refitting of white shirts is profitable ; collar- 
bands, (iuils, and fronts for refitting should he 
stocked. 

The pattern <jf shirt which opens behind U 
almost obsolete, but a few of them may be 
necessary in the stock. In cultivating the trade 


in shirts made to mea.sure, it is exceedingly 
useful U) have, for the use of eustomor.s, special 
forms with diagrams for self- measurement. 

A small selection of starched front shirts of 
French and Manchester prints and cambrics 
may be ncc(!ssary. Tunic shirts -with soft 
fronts — are now much worn, and are made in 
zcj>hyrs, Oylon flannels, pure w{»ol flannels, 
Oxford.s, iin.shrinkablo.s, viyellas, and silk and 
wool. Then there are shirtings and tropical 
flannels, tennis, rowing, criek<qing, and golfing 
shirts, with botli attaclu^tl and loose collars, all 
or most of which must be represented in the 
stock. 

Men’s shirts should Ix^ kept in sizes from I tJ 
inch<;.s, rising by half inches to KU. Sizes 15 
and J5J are the heaviest sellers, and shoiild 
(herefon? be bought in great«‘r quantity. Boys’ 
sizes are from 12 to 14 iiu'hcs. 

All shirt measures ought to be carefully kept 
for referem e. A good (leal of business n»ay bo 
done by mail, es|x*cially when customt'vs go to 
resid(‘ abroad, if it be known that tlii.s is iho 
praeliee. 

The stock of shirts should alisorb about £.*15 
of tlu^ (‘.apital witli wliieli vv(‘ assumed our 
outlitter to ])ossess ; about £10 should fx^ sjxail 
on longcloth, limm, and int.ci lining, and alxnil 
£5 on coloured Oxford shirtings and prints. 
0Mies(^ last ought to lx* in white*, grounds with 
elear strijics and clean distinct p.itteins. The 
cuttings from tlx* ina,king of shirts may Ix^ 
sold, om* of the minor economies wliich may bi^ 
praeiised in the busiiU'ss. 

Collars, Fronts, and Cuffs. About 
£15 will Hullicc^ for a representative stoitk of 
those articles. C'.in* must lx* takt'U in llie shapti 
of collars. Fasliion (*hang(‘S and must i>e 
studied. As wc write, the “ (Jolf (Villar,” in 
its various di'jiths, is the vogiu*. Staiul-uf) 
eoll.'irs and a. lew old favourites must not be 
entirely omitted, n<n’ must Ktoii collars for 
boys. 

in making collars to order they should be 
I in. largiM' than tlx* ix'ckband of shirt, hut in 
slock (.'ollars the size* \ in. larger is mrar t‘noiigh. 

NecKwear. Alxiul £15 nxiy bo spent 
on geutlenx'n’.s ix^ekwear, and bo distributed 
over .\seot, and l>road-(*nd ties, lor sailor’s 
knots, bows and “ ]mffs ” to .sell at fid., Is., 
l.s. ()d., and Is. lid., tubular ties for summer 
wear, made up bows and tilbiq) scarves, dr<*ss 
ties and bow.s. Judgment, must be. exer(;is<‘d in 
pureha.sing this stock. In both colour and 
shape of neckties the public are particular, and 
to become loaded witli stock that docs not 
meet jxipular apjiroval is a serious husines.s. 
There is moderaUi scope for (uiterpriso in pushing 
tie.s and scarves made to ordi‘r. 

Under th(^ .same class may be included 
mufflers in easbmi'n*, in silk and wool, and in 
all silk. 

HandKerchiefs. This department may 
be stocked adequately Viy an expenditure of 
a £10 note. It will embrace coloured cotton 
handkerchiefs, and all-white linen handker- 
idiiefs with woven borders in thre(squart(U’ and 
seven-eighths size.s, cambric handkerchieia with 
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coloured borders and spots in tlirec-quarier 
size, and silk handkerchiefs — white, (jrirnson, 
and mixed colours — to sell at 2s. bd. and 3s. Od. 
(!a(‘h. Vt^sirs ago when the habit of snufling 
was not considered had form, it was an ordinary 
thing t/> sell yard-square thick twill-silk hand- 
kerchi(;fs at 9s. tkJ. (“ach. ’'Phey were often sold 
in ])ieees ~ seven handkerchiefs in a piece — 
and one customer might huy tw'o pieces. But 
th(\se days have tied. 

Hosiery and Gloves. These cljisses of 
out titters’ goods will demand an <'X]>(‘nditure 
of £25. Th(‘y will include cycling, vowing, and 
athl<“tic. h(»s<\ jerseys and sw(‘atervS, in addition 
to <»rdi!iary wankaday lu)S(' and gloves. 
Detailed jj.irt iculais <jf these departments are 
given in tii(‘ artkfe “■ (ilov(‘rs and Hosiers” in 
this course. 

Sundries. < hie of tlio principal arti(‘l(‘S 
in t!a* group wa* d(‘serih(' as “ sundries ” is 
braces, f^lie sliilling arlich' is tlie favourite 
one, and a good, strong, smvieeable braces 
must b(^ sold at Is. a pair. 'Plu^ Freneli narrow- 
W(‘b brace with elastic mids should be kept. 
Also sli'ong Fnglish-madt‘ articles to s(‘ll at 
Is. ()d. and 2s. (id., also a. lew pairs of bu<‘kskin 
braei's, with a few body lufts and IcMtlua* belts, 
will reijUire about £5 expenditure. 

Then nightshirt -s, pyjamas, fancy waistcoats, 
dressing-gowns, and smoking-jackets constitute 
a small d(*partment in which tlie individual 
articles are more (‘xpeiisi ve and w ill leave nothing 
out of £20 if a representative selection is to he 
shown. 

Studs and shaive links are ri'munerative 
articles, and take up litt)(‘ room. The slock 
should ho sliowii in tin* <‘ounter ea-se, Th(‘ sum 
of ahout £5 will ]mi‘ehas(‘ a good selection. 
The more expiaisive varieties may usually he 
liad on sale or return. 

Outfits for Foreign Travellers. Some 
districts favourably situated for ])ushifig 
track; in out tits for liot ami cold elimat(‘s. 
When tlie shop of the gentlemen’s out lit ter is 
so situated its proprietor should not fail to take 
advantage of liis opportunities. This depart- 
nuuit sh(»u1(l he cncouragt'd by llu* ])uhlieation of 
a printed list showing details of a wide range of 
goods suitahk; for fon'ign countries with climates 
dilferc'nt from our own. That, (‘verything 
sllo^An in the list is not, ke])t in slock iiiatteis 
Jittl(‘. Special articles can always In- got w ilh- 
out delay, and the man about to go abroad 
does not requin- his out tit at live minute's’ 
notice. He prelc'rs to give his wdiole oreJer at 
one place. Tlie usual stock to appi'al to this 
sort of traveller is as follows : 

Day sliirts — tunic, wdth loose collar.s. 

,, w^oollcn, w'ith collars attached. 

Collars, gloves, lies, and .searve.s. Handkorehiefs, 
iindorvcsts and panl.s. and “united under- 
garments.” 

Socks and .stockings, for shooting, cycling, etc. 
Pyjamas and iiighl.sliirtH, 


Knitted waistcoats and under waistcoats, for 
W(?aring under tunics. 

PiifTs and studs. 

Polic belts, body belts, leather belts, monoy belts. 
Braces, gaiters, putties. 

Sleeping hags, woollen sheets, camclhair blankets, 
sweaters. 

Hair, hat and clothes hrusli('.s, combs, razors. 

Soft Volt hat.s, knitted travelling and sleeping caps. 
J’lannel suit.s, ovenuiats, rugs. 

Lounge ja<*kels, Cardigan jackets. 

“Hou.sifs” — containing needle.s, pins, buttons, 
thread, scissors, and a thimble. 

Jiags and trunks [.see spccnal article]. 

Sales and Side Lines. It is alw.ay.s 
w'ell to have a “ sak; ” betAveon sca.son.s, as tho 
practice ek-ars olf odds and end.s that tend to 
accumulate. Job goods can always be had 
from manufacturers and sold at low prices, but 
still at. fair ynolits. 

Tlu;r<‘ are many side lines which can be asso- 
ciated with tho business of a gentlemen’s 
out titter. Su< h things as trousers stieteluu’s, 
umbrellas and walking sticks, and leather goods 
always go Avell with the class of custonUM's to 
whom tlu‘ outfit ter appeals. The (’hristmas 
trade in presents oilers oppiwtunt ies which should 
not he neglcMited. A hnireutting and shaving 
department is u.'^ually remunerative apart from 
the direct profits, espc-eially if to n^ach tho 
hairdre.ssing saloon customers have to walk 
through the ouHitting sliop. 

Profits. The prolits on tho selling of 
gentlemen's outfitting goods should bo 25 por 
e(‘nt. of retail prie(;s, wduch equals 33 J per cent, 
of cost prices. Naturally, aitieles of (‘-veryday 
sale arc often sold more eh(‘a})ly than other 
articles which move; more slowly, but this is 
balanced by the larger profits in soTtu; depart- 
ments. 

In TA)iidon arrangements can usually be made 
with one of the large' carric'r e,om])anies to deliver 
parcels in London and its suburl>s at a unifonn 
charge' e)f 3d. ('aeh. 

At the initiation of the venture the new 
starter may be a little pressed for money. The 
terms of aeeommodal ion that be may obtain 
will depf'iid iqum hijuself. If be bo known to 
th(; manufaelurers and Avliolesale nuuehant.s 
as a good .saU'sman and to have tho qualities 
that go to make .sueee.ss, he Avill lx; generously 
treat (‘d. "J’lu* usual t('rms of Avholt'sale trading 
are monthly account s with 2.1 per cent, di.scount. 
Bills may liavi' to be accept (-d if, as is probabh;, 
it Ix' found that more capital than was anti(;i- 
])ated is being loekt'd U]) in stock, but w’ilh 
judicious economy tho man should lind after 
three years’ trading tliat ho is free from accu- 
mulated obligation and can meet all his bills 
promptly on date. 

He can thereafter take advantfigo of any 
.special di.'icounts ofh'ving for prompt payinent.s 
and begin to ki'cp his ('yc-s oi)en for cash bar- 
gains which an; beyond the reach of the trader 
without available ready cash. 


Continued 
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Dimensions, Draught, and Suspension. Full-size and Scale Drawings. vuiK m 


The Cant Board. How the Different 


By H. J. 

sizoa of veliiolos aro important jioinlK of 
consideration for the draughtsman. The 
leading proportions, such as are subservionl. 
to the presciuio of the passenger and his easy 
ingress and egress, have been dealt with in the 
previous chapter. 

The over-all dimensions of tlu' difTcrent types 
are illustrated in 2 to 18 [page and it 

wull bo interesting to note how they compare 
with one another. Railway stock is certainly 
overwhelming when seen drawn to the same 
scale as a van or brougham ; and the ahstuicc of 
the horse in the motor-ear greatly shortens the 
over-all working length when eoinjiared with the 
animal-drawn type. Of eoursis lire-escapes do 
not run about, in the streets fully extended as 
the one shown. 

The sizes of the various pieces of timber u.S(‘d 
in construction have to he known hy the body 
or pattern-makiu*, or whoeviM* has tlui marking- 
out of the stutV. It would be a huge under- 
taking to tabulate all the various memlMM s used 
in the thousand and one ditTmmt bodies running 
on wheels. DifTcrent workrmm have their own 
particular fancy as to the size of a pillar or rail, 
but in any ease a medium framework judiciously 
strengthened hy ironwork is to bo .sought. 

Compensation for Weakness. Jf a 
pillar have several mortices or laps taken out of 
it, or, perhaps, be made to take? a lock or hinge, 
we must add to its stnuigth to compensati^ for 
the presence of these source's of wi'akness. 'rhe 
corner pillar of a brougham is made light, having 
little work to do, but its adjacent member, the 
short bottom side, has to withstand the fixing 
and strain of the pu rnp-handle. We. should expect 
to SCO different dimensions in the felloe of a 
two-wheeled rustic, cart and in the hind wheels 
of a iiantechnicon. In short, we must, consider 
the work the piece has to do and what is !ix<'d 
to it. Sometimes the shape or design of the body 
decides the dimension.s. The reader is referred 
to the accompanying tables, which give leading 
dimensions of various types. 

Draught. The draught of vehicles is a 
subject which has had much theoiy expended on 
it, and in such complex instances a.s roatl 
carriages with locking fore-carriages and waught 
distributed in various positions betwijen the 
wheels, no doubt the constructor has built 
on the safe side, being unable to work out 
Ins stresses satisfactorily. In railway work 
it has been more or less reduced to a science. 
On the permanent way we have voiy liftlo 
friction between tyre and road, it being well 
known that there is often the difficulty of 
an insufficient amount of attrition. The 
force of gravity, or dead weight of the vehicle, 
combined with the various gradients is tlio chief 
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resistance to be overcome. The axle-arm or 
journal and the inner surface of its encasing box 

also a factor in .summing up the various sources 
of friction set up. In like manner tlu^ speed of 
the train means a proportional incivasiiof energy 
to be expended by the tractive foiTH?. 

Influencmg Factors. On our highways 
we have dilTcrt'nt road surfaces, k(;pt in various 
states of repair an<l under varying <'hanges of 
weather. Apart from tlio actual .surface there 
arc always accident al matters such a.s loose stoiuvs 
and nits to take into account. 'Flie friction 
between the case-hardened exterior of the axle- 
arm and the similar finished interior of the box 
is not a veiy great factor in draught, as in 
all typi's of vehi(*les we set^ great perfection 
attairu'd both in the const nietion of the ad- 
jacent parts and in the allowance's for cflicient 
lubrication. 

The hiist point of draught in a two-w'hoeled 
hor.se vehicle is a lino from the aniiiiars shoulder 
to the axle. In four-wheelers it has been found 
that a line midway between the two axles and the 
point before mentioned gives the best rc^sult. 
If the w'l'ight he well supiKirted in the wheels, we 
have an easy innning vehicle. A four-wheeled 
dog-cart, is easier to ])ull than a sociable for that 
reason. The narrowt'i* the track of wheels and 
the less the wht'el Inise, the easier under ordinary 
<urcu instances will the carriage run. 

Suspension. w.stoa is the considc'ra- 

tion of the various mrsliums that exist bi'twoen 
f li(^ body and the wheels and axles. The dilTerent 
kinds of springs are ch'signed to minimise the 
.shocks to which Ihc! body is .subjected by the 
contact of the wIk'C'Is with the road where 
the roughiu'Hs of the ground would soon break 
any type of s])ring. Springs are not fixed in such 
veiiiclesas gt'iicral service waggons of tluw\rmy, 
although tlui driviM- has a spring under his scat to 
give a little (jomfort. 

Types of Springs. The coachbuilck^r usc.s 
the elliptie spring, which has the load e.itlu'i* 
exactly ahovi? or below the support, the side 
.spring, with load at both ends and support in 
the iniddk', and the elbow s]>ririg, which has the 
load at one and the support at. tlu^ otlu'r end. 
From these may be subdivided many otlior 
forms. 

The 0 spring, an old type, and really an elbow 
spring, lias to withstand the forward pull of tho 
brace. Comhhied w ith a dumb and under spring 
and percli undor-ciarriage wc^ see an old-fashioned, 
costly, yet uiicciuallcxl, riding undergear. Muc.h de- 
pends, however, on the braces. Van builders uso 
heavy elliptic springs, especially in forc-carriages, 
hut the greater part of tho suspension is effected 
on side springs of strength varying with the 
load with or without cro.sa and check springs. 
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''Hie motor ciir luaimfaclvircv uses side springs, 
sometimes in <‘onjunction witti cn>s.s springs, 
but. with t)H‘ presence of the prieiimatie. tyre, 
whieli is in itself elastic, the atl^mtion given 
to suspension is not perhaj)s as great as it 
should he. 

The railway eoac^h and waggon ImikhT uses 
springs of similar type to the lusivy van huilder. 
In bogies iiscsl iin<l<*r train ;uid Irani there are 
various special (‘Hiptical, si<l(‘, ami s[iiral or 
helii'al springs iis(‘(l. Spi’iiigs are illustrated 
fiirtluM on. 


of sufficient accuracy for an experienced work- 
man. When our coachmakers have made a draw - 

ing probably just an outline elevation with a 

few cross measurements — they can make it suit 
their purposes for the construction of many 
succeeding jobs. The Frenchman goncrally 
mak(‘S a new drawing for each body under- 
taken with the result that, his designs are fresher 
and please, tlu' eritical vyo of his customers, 
especially of those who tlemand novel out- 
line's. 

The Kreneh motor-ear builder is a successful 


( AltKIAUKS AM) lU lU.ll! SKHVK’F. CAKS. 


'l'.\ IH-. 

Oil Mliiow. 

On Si'iit Kail. 

Tali' W'ei^lit, 

Wheels. 

Deiibli' UrtjUKhiiuv 

4 ft. t; in. 5 ft.. 

.4 ft.. :t in. H ft. U in. ! 

0—13 ewt. 

3 ft. and 3 ft. 8 in. 

(Junoe *' 1 ' ^ 411 : 11 '*' laiulau 
(4)n«> horsi'j 

it. —5 ft. •; in. 

lift. 4 in. lift. 0 in. 

1) — 13 cavt. 

3 ft. and 3 ft. S in. 

( (Mfli . . 

(i ft . S ill. 

:{ ft. 10 in. -4 ft. 

bS -21 ewt. 

3 ft. 1 in, nnd -t ft. 2 in. 


1 ft. S in. -.") ft.. -2 in. 

ft. .4 in. 11 ft, () in. 

IS - 2 t owt. 

3 ft, 2 in. and 4 ft. 2 in. 

'JAvo-w ln'fh'i'.s 

I.♦‘r^^'tll of body, lid 
in. lit in. for oru* 
m'hI, :t 4 in. to .‘is 
in. lor two .‘^oats; 
d<‘|itli of l)ody ac- 
cordm '4 to dc’siyii 

VViiltli as nbo\e 
vcliicU's and ae- 
cordin^j; t*i :-.tv'l*^ 

3 — 7 ewt. 

3 ft. H in. — ft. 2 in. 

Mrtil [(liMi'tou 

Av<'rac‘’. >* ft-. —0 ft, 
li in. on scat lm<‘ 

:i ft. Oin. ft. It) 

in. head room j 

S - 1 0 ewt . 

3 ft. 3 in. nnd 4 ft,. 

J‘’our-\Yh»'<‘l doj.'-rnrt 

:> ft . t» in. t ft. 2 in. 
loimth of hotly on 

Sl’Ut llU<' 

?, ft. If in. nveiMg*' 
on s<'at ho.irtl j 

0 -7 ewt. 

2 ft. 0 in.— 3 ft. 

2 in. ; 3 ft. « in. -- 

3 ft. 10 i-i. 

Victoria 

From iniot , 0 ft. 

.4 ft. 3 in. -3 ft. ' 
S in. on seat 

' (i — S ewt. 

3 ft. and 3 ft. 8 in. 

Tr»m<’arH (d<iiil>lo - 4 look ; 

liU ft. t) in. on seat 

7 ft. wide overall 

tons body 

20 in. and 30 iti. 

elt'r’tric ; SU j)a'.si‘uv,M*r.s) 

line oviT all 

lie l oss bod y 

only 


Oiiinilmst’S (hoi>o-(lia\Mi ; 

t) ft, : 12 |iH^.^eii<2'*i s 

' 5 ft. It) in. ov**r 

1 33e\\l. ! 

3 ft. 4 in. fiml 4 ft. 


insido and 1 1 out- 
sul*4 

body ; »> ft. 10 in. 

1 ov*‘r r<»of 

1 

(5 in. 


\ 

AXS. 




T.vpe 


0\cr-all Diineiisions. 
r, . Irii-th ; W' - wi.lth; It - lieiuhl. 


W heels. 


To Carry a 
boiKl of— 

Srnnll eoxered mot 

or \'jin ))0<lv. , 

li, a ft. (> in, ; W, 4 ft. 0 in. at lop ; 


800 mm. 

10 e.wt. 



W, 2 ft. 7 in. at well; M, t ft. 10 in. 





V)peu parrel v.ui . 


b, 8 ft. 1) in. ; W. 4 ft. 3 in. ; U of 

0 

fl. 10 in. 

nnd 

30 cvv’l. 


si«|es, 2 ft. 1 in. 


1 fl 1 in. 


Market oardeiier's 

or foraoe van 

L. S ft. J in. ; W. 4 ft. 2 in. ; fnait 

3 

ft. and 

1 ft. 

2 tons 



l.idder projeets 2 ft. 7 in. ; hind, 3 ft. 


0 in. 



IfoN. van 


L, 0 ft. s in.; \V. 3 ft. II in.; 

0 

ft. lU in. 

4 ft. 

13 ewt. 



H, 4 ft, 8 in. 





'rinibiM’ t rolley 


L, 1 1 ft. •• in. ; W, 4 ft. 7,\ in. 

3 

ft.- 4 ft. 

«l in. 

i 4 tons 

Hoise iimbiil.inee 

(t\\ o-w lieeli'd) 

b, S tr. ; \V in ei'idri', 3 ft. 0 in, ; 


r> ft. 


1 ton 



i K. r> ft. 





Ifaker’s \aii 


1 b. 4 ft. 0 in. ; \V, 3 ft. 0 in. 

2 

ft. 7 in. 

3 ft. 

lOowt. 



i 


S in. 



I’anti'ehnieon \ an 


1 b, U> ft. ; W . 7 ft. ; K, ,ueludm ,2 

1 » 

ft. 0 in.- 

-1 ft. 1 

3 tons 



1 well, <■' ft. S ill. 


3 in. 




Drawing. Kngineering has always been 
associated with carefully-prepared drawings, 
and. to bo effieic'nt. the nu*ehanica\l dranglits- 
inan must uork with great ])reei.sion anil 
neatness. We are not, therefor*', siirprisc'd 
to find that where the greatest attention 
has Ik'c'ii given to vehicular drawing is wluTe 
engineering plays an important part. 'I’lie 
drawing office* of the railway eomp.my and 
motor-car luiilder contains many skilled work- 
men. Among carnage builders it is exee})tioual 
to lind an expert draughtsman on the premises, 
as a clerk, or maybe tlie foreman, is capable of 
turning his Jiand te a full-size or scale drawing 
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rival to ns in the designing of motor-car Ixjdies, 
simply hec'ause he pays more attention to it. 

Geometrical Design. When lH>dy draw- 
ings arc* ])r('p;iTdl in the engineering oilice by 
an engineer, one may sec in his designs many 
traces of the principles applied to engines — that 
is, straiglit lines roiimlcd otf at the ends with 
arcs of <urcles. In railway earriago work all 
curves are usually descrilxHl as binng of certain 
radius, the rise in tlie roof being an example. 
We Hve this in some bodies of motor-cars, for 
wliich typi^ of carriage it gives a very hard 
appearance. In railway work there is no 
objection to this business-like exterior and 
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general distribution of the parts. We naturally 
expect/ to sec! fancy sweeps of any description 
tiiiding mile favour. Ileing on a proper 
strenj^^tboned imderframe, it follows that the 
Htaruliiit^, sid(^ and corm'r pillars can be set 
out with mechanical exactness. If side doors 
are not included, the th'siguer is able to apply 
still longer, never diverging straight lines. 
Strap ])latcs, coriu'r ])lat('s, coninuxh' handles, 
the position of bolls, ar<* all sc-t. out as if 
some thinking mMclune rather than a human 
agi'iicv had been at work. Still all this is lilting 
for its particulaj* purpose. 

Artistic Treatment. In juotor-ear 
WTU-k, by all means let tlu* engine<‘r have hard 
aaul fast lines for his frarm*, engiiu*, and trans- 
mission g(“ar, lait. the Ixaly (kunauds a little 
imue artistio li<'enso in its j)reparal ion. At 
the present slate of automohik* eoaeliwork 
fluTe is to 1)(‘ se(Mi much freeluind treatment 
in the eontonr of tin* s<‘V(‘ral l>odi<‘s. M’he 
Roi d(>s Ih lges typt^ of lonneati rtapiires rnueh 
skill in its delim^ation both from th<‘ di'aiights- 
man and from the palt(‘rnma,ker. 

It is rtMuarkahk^ that sueli a ]tarmoni(nts 
comhinat ion of curves as in a C-spring viet(U*ia 
conld hav(‘ been (‘volved from a. i)raiieh of in- 
dustry wluM’i' so little att(‘ntion is paid to draw- 
ing. .Among certain sliops un<k“uiahle evidene(‘S 
are seen of the want of jiropiu’ preparation 
])eforn marking out the stulT. A iiotal)le 
difb‘rene(^ in hrougliams is s(‘en In'tween, say, 
a lbirk('r - sha])ed {‘arriage and the ii.snal 
“ growler.” It is v(ay little excuses that beeauso 
tlu' la, tier is a elu'aper V(‘hiel(*, tbe material 
should therefore h(^ badly shapial. A sim]do 
OulliiK* to work to tak«’s little time to prepare, 
and where diipliciition can be carried out without 
disadvantage, as in a stagi' carriage, the first- 
drawing sulliee.s for a iiuml)er of bodie.s. 

Need for Working Drawings. The 
average van builder will ()roha))ly r(\sent tlu^ 
suggestion that tluTc are advantages in a work- 
ing drawing, ife will argue that his busiii(*ss 
]»a.s lu'cu eunduett'd with success for many years 
without drawitigs, and therefore why sliould he 
burden hims(‘lf with a lUH'dlcss array of paptu* 
and ])eneil or blackboard and chalk. With a 
few si/fs noted on lh(‘ back of a piece of glass- 
pap<‘r or waste limber lu^ will gladly set to work 
to en'ct his van or cart. Still, ptu-haps, the 
day is not far distant when, with drawings of 
the ns(‘fid scale of 1 .1 in. to tlu' foot- and a few' 
to full si/(‘, we shall see him who uses iIumii 
judiciously outrunning his tellow trad<‘sman who 
starts sli’aight away with his saw' and plane. 

The Study of Drawing. It is p<*?ha]>s 
a prottiising outlook for those who havt* a deep 
cun(‘ern for technical tdueatioii tliat drawing 
])lays a I'onspieiioiis part in tlie eodt' of our 
schools. By its means tin* rising generation 
has the opportunty of Ix'ing grounded in the 
elements of a subject which ])lays an important 
part in the suecavss of those who enter the con- 
fltruetional trades. 

After aimple balanced feci'hand eopit's have 
given place to those more difticult, any child 
with a gift for d'awing will have laid the 
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foundation for much useful work. Freehand, a 
term used in the best sense of the word, that 
allows the wTist full play and gives on the 
paper lines that flow from the pencil, and do not 
<*onsist ruendy in a series of spasmodic sketching 
jerks, cannot, be given too mucli attention, and 
many f)f the leading coach builders lay great 
stress on the ])raetice of this branch of work. 

A d<‘sign(‘r will never create much that is 
beautiful if he tie himself to the use of a scale, 
rule, compasst's, and ready-made curves. Let 
him dis])lay his llioughts on paper, entindy 
uufett(‘n‘d by mechanical means, and, given due 
allow'ance for tlu? (umstruction of the Vehicle in 
hand, he will h(‘ all the more lik(dy to produce 
a pk'asing result. Frccdiand, then^fore, is the 
ba-si.H and true root of all real dt'sign. 

Scale Drawings. Then one may turn 
to the mc(duiiiical side of drawing. S<uile 
drawing, tlu? portrayal of an ()hj(?(;t to a certain 
(letinite generally reduced proportion, is a very 
useful means of outlining the first rough work 
of a new' job; and iti railw'ay work the finished 
drawing cannot he conveniently matle to full 
siz(* except in sections. Although many scales 
are used, IJ in. to the foot, or one-eighth 
full size, is handy on ac, count of the hody- 
makcr's rule Ixdng divided into (dghths of 
an iiudi, cva'ry such division re])rcscnting an 
imdi on the small drawdng. I’his w'ork rc- 
quir(‘s care in using tht? scale mk?, although 
so-callcd scak? drawings are not always drawn 
aeeur.ately, hut only approximately in pro- 
portion. the sitna-tion lading saved by writing 
the real measurements adjacent to tlu? various 
lines. Brobahly a })ieee of work so finislusl is 
more quickly doiU‘, but is apt to bo misk‘ading 
and eaiist‘ mistakes if a tuore correct drawdng 
i.s not forthcoming for actual use at tlu? Ixmeh. 

Jk*rh;i[)s the railway (?arriage draughtsman 
turns out some of the fim‘st scale drawing vseen 
ill vehicular w'ork. 'I’liose who have seen a 
finished sidi? (devalion, plan, longitudinal and 
trarisver.se section, togetluu' with a drawing of 
the frame and chief details of the running gear, 
will a.pprt?eiato the n inark. 

Projection. Scak? drawing must be accom- 
panied with a know ledge of how' to project tho 
different views in ord<M‘ to h(*lp form another. 
Plane and solid gt'ouu'try lias then to he studied 
<‘ar('fully. Ifow' to draw an arc llirougli a given 
point, to divide a line or arc into a number of 
given ])arts, to construct or copy an angle, are 
only a tew simple instances among t-he nuiny 
ittuns that crop up in following this oeeupaiion. 

In more complex bodies, as carriages and 
motor-ears, thr tnrnunder and side sweep, 
.scak* of body -side, and wheels, the outline of tho 
body generally, all tend to make a back eleva- 
tion or ])lan at first difficult to mark out 
correctly. 

Model drawing is useful in giving the ability 
to make a rough sketch from tho actual object, 
which is a convenient way of taking moasuro- 
ineiits. To bo propiTly done, a wheel in half 
profile, a compassed bed, or the conformation 
of a finished pie(?o of trimming, requires a study 
of object drawing. . 
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Manipulation of the Tools. Howcvor 
raufh ono may bo vorsod in Iho thoorios of tho 
work, tbo siiocpsH of tho drawing; dofK'nds in 
groat ineasuro on tlio actual manij)uiation of 
the tools. (.\>usidorabl<^ accuracy rc(juin‘d 
in voliiclo drawing. One should have a sliarp 
chisel - pointed pencil of suitable hardness, 
measincments niust be taken carefully from 
the Scale with tho eye din'ctly ov<*r tho 
division line on tht? rule when taking a dimcii- 
sioj\, and a series of measurements imi^t Im 
ehi'ck(?d by an ovea -all one. It is important that 
thi* drawing-board and T-squan^ have true 
edges, and that right angles are fornu'd t!i»‘ oiuj 
with tho other. A T-s(piare with a long blades 
r(M|uires careful liandling, and the paper or 
tracing cloth sliould bo stroU'hed evenly and 
tightly over the board. Stretching paper by 
Wetting and gumming the ('dges produces an 
unsurpassed surface on which to work. 

The drawing pins, when used, should be 
inserted leaning inwards towards tho centre of 
tho paper, and drawn over w^hilo being pushed 
homo, so as to pull the paper tight. 

Drawing Pencils. INlost draughtsmen 
prefer a hard pencil, such as H. or H.H., but it 
depends on the delicacy with which tho tool is 


held. vSomo who have had a 
previou.s experience in work- 
ing hard w oods, such as ash 
or t(‘ak, give to their pencil 
soim^ of tluH old (dfort more 
suited to tho chisel and 
router. In skilful hands, an 
H. B. pimeil of good quality 
should answaa* an all round 
purpose, but consideration 
must bo mad(5 for tb<‘. 
el(*aner working of a bard 
l(‘ad. The us(‘ of compasses 
rcfpiires dextia'ous iing(‘rs, 
es])(M*ially spring bows. Pains- 
talvifig draugiitsmon often 
draw with tlu‘.se little com- 
passes Ibo Ju'ads of bolts, 
spring (‘yes, the links of 
dri viiig-eliains and caps, and 
little corners ar(.5 rounded 
oil’ with th('m. 

Indian ink, (Uther in bottle 
or rubbed up on tho saucer, 
is used to lino in tho draw'- 
ing. A stick of good quality, 
rnb))od upon a vellum -sur- 
faced saueor, on which a little 
w’at(^r has Ix'im plae('d--th(' 
pen l)(‘ing fill(‘d witli a brush 
— wall ])roduce bettej- linos 
than dipping the p(*n into 
a bottle. Pix(^d or water- 
proof ink is diflicult to work, 
having a tendency to clog. 
Whatever mc'thod bo adopted, 
tho sid(?s of tho pen should 
be wiped b(‘foro use. 

Indiarubbor is a usefid 
adjunct, and tho variety 
tlud. l(‘ast d(‘stroys the sur- 
face of tho paper is tin* best. Ink-cTaser that 
d(jes not di'pt'ud on powd(‘red glass or otlnu’ 
serab'hy substane(?s for the proper tultilment 
of its purpose reiHOV(‘s ink hues and paint. 
'Pho penknife slnadd newr be u.scd. 

Tinting. Tin* mention of ])aint brings up 
tlio subject of tinting. 'Phis is, perhaps, more 
adopted in show' work for exhibition or for 
examination ])urposos. ft is nselid for astiidcmt 
to tint the various parts in aeeoidanee with tlm 
mat<*rijd used. By this mi'ans a working 
drawing Ix'eonios an artistic, as well as a h(‘lpt(d 
chart, of study. 'Praeings are oft mi tinted on the 
V)ack of th(^ work, fixed ink is nseful tor lining 
in the w'ork before' tinting, 

'Phe draughtsman may eompleto his stiidie.s 
by taking up p(‘rsp«'(*tive, wliieli, in a simpU' 
form adapU'd to commercial retinireinenls, will 
b(^ nsi'ful, as may bi' se(‘n in arehiteetiiral w'ork. 

Value of Coloured Drawings. In the 
carriage and motor trades, wIkto vehic^los 
are madti to sell, it is often an advantage in 
g(‘tting an order or elim'hing an inquiry if a. 
coloured drawing bo neat ly made and despatched 
promptly to the oustoinor. Should tho style 
required bo something now and the would- 1)(^ 
purchaser require some special ideas of his own 

OlOVk 
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carried out, then the drauj(}it-sman has an 
opportunity of Khowing his n^al worth. An 
outline? sidevcli; Veil ion drawing, perhaps in pencil, 
is “good (‘nough,” some? will Siiy, l)ut a rival 
lirm may make? a small coloined perspective 
drawing on a gilt-edge d card, and send it to a 
customer, who may chance to be a lady. Com- 
parison is th(?n made betweicn a stern business 
J^-in. scale- IT. pencil working drawing and a 
^-iti. seak? eolounal littl(? picture, showing a 
g]anc<? of the interior trimming. Perhaps thi? 
draughtsman may ho forgiven if he has t.aken 
some lieense in making tlu' body a little lower on 
the ground, ami the door an inch wider in the 
op(?ning, Jf a. rnotor-ear be the obj<iet under 
c()nsid(‘raf ion, and the: prospe(^tive piirehasta* is 
undecided and hesitates, being a luv(?r ol horst's, 
tlien the artist shows his tact by making the 
m(;ehnnie.al portions as inconspicuous as is 
))ractieable. 

The Sphere of the Brush. The use of 

the brush is at its highest wluai it is used 
for touching uj> the junction of lines, rounding 
otf dub ends, and other work too ini(Toseo[)ie 
for the compass. 

The r(md-ea.rriag(‘ builder's draughtsman will 
find that th(‘ usual shot) French curves do not 
serve his jiurpose to any extent for scale work, 
and ho will do w<‘ll to l)uy v<?iiecis of boxwood 
or h(*och, arid cut tluun out on the fndsaav to 
those shapes (hat he will soon discover are most 
uKc'fiil. 'rhe railway draughtsman has littk^ or 
no curves to vNorry about. 

In th(? van trade little is done in supplying 
inquirers with S|)eeial drawings, but oni^ may 
Kt?e that, with thc! dideriMit colour s<*Uemos and 
writing displayed, a, wide tiedd is o])(‘n for work 
in this direction. A certain well-known tirrn of 
caterers advc'i tisc* th(‘inselves to an appn^eiahlo 
extent by th(? presence in tlie streets of vans 
and carts tluit are two shades of blue, with 
writing and lining in white, blue, and gold. 
While considering this artistic branch of the 
work, perhaps a. woril or two may be said as to 
catalogues. 

Catalogues. Railway peofile gein^rally 
]»laco their ])ro(luctions before tlie camera, ami 
leave tho result to the chivices of the process- 
t'ngraver. Many excellently-[)riiited catalogue's, 
illustrated with half-loru? blocks, oinanatt* from 
the various conif)anies that supply rolling stta k. 
Automobile makers do tlu' saim', lila^wise van- 
builders, and tho trade of th(* latter being older 
than that of the former, a good display of wood- 
engravings are to In? seen. American carriage 
catalogiK'S are also seen well illustrated in this 
manner. Tlie <uirriage Imilder finds that the 
playful distortions of tlm camera and 
ndkrctions in highly varnish(?d ])anels do not 
flatter his A\ork, espix^ially when eritieised by a 
non-photographer. But the work may be much 
improvc^d by retouching, and vehicle photo- 
graphy is a branch that calls for as much judg- 
ment on the part of the opi'rator as areljitectural 
work. 

Catalogue Illustration. To illustrate 
a circular, bo it largo or small, with photo- 
graphy as the first process necessitates the 
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actual existence of vehicles. But a coach- 
builder, especially if ho caters to tho motor- 
body trade, can keep his designs up to date 
and indicate future novelties without having 
recourse to a considerable outlay of capital by 
having drawings as a basis. 

In advertising with illiistrationa it is well 
to ren ember that the mesh of the block must 
bo comparatively coarse if it is to be used in an 
onlinary newspapi^r, while the finer the surface 
given to the glazed art paper tho liner may bo 
the scr(?en Uvsed. Lino work and line blocks 
are cheaper moans of producing illustrations. 
The printing can be done on a common paper, 
and thi.s medium is suitable where much expense 
is not justified. 

Full-size Drawings. Full-size drawings 
are used chiefly by the road cariiage builder. 
Pap(T may be obtained up to 74 in. wide and 
of almost any length. It is desirable, to make 
siK'h drawings on paper for future refereneo 
jath(‘r than on a blackboard, althougli opinions 
difh'r. 

A ])himb line makes a starting lino from 
which the horizontal lines may ht? taken. A 
large S(|uarn board is allowable wh(?n a long 
straight edgt? can be nailed along llu* bottom of 
the work. Iln'ro are occasions wlicn it is bet (it 
to construct a right angle geometrically ralb(‘r 
than by K(piaTe. .V moulding may be made 
ji.arallel by tlie skilful ns(^ of a pair of quadrant 
compasses having a jetaining screw, whieli are 
then set, to gauge and inn along tlu' edge of tho 
pattern. Tlu' draughtsman should rememh(T 
that upon the aeeuraey of iiis work de])e,nds the 
success of the ultimate patterns or templates, 
and consequently tlx^ finished article. 

A s(*<;tioii of the door and standing pillar 
com bint'll, sJiowing the glass run eitluii* single or 
double, together w'ith tlu' position of thc cant 
rail, door top, femu? rail, t'lbow, short bottom 
sid(\ door bottom, and rocker, and tho fixing of 
the edgi? plate, is an example, (?alling forth much 
careful work. I'lie designer must romemher 
that increase of turnimder means heavier and 
more I'x pensive material, that the glass-frame 
when uf) must be safely re taint'd on the fence 
rail, and bo sufficiently recessed in the groove 
in the door top. Again, wffien relenscd, it must 
have, a eorrespouding depth below in thc door^ 
so that in carriage work of tlu^ best deseription 
the top of tho fr.ame is levi'l with the top of 
the fence plate. 

The Cant Board. Coaehbnilders of former 
gem'rations and a good many of the present day 
areoftt'ii troubled with the mysteries of the cant 
board. Having had a preliminary training in 
two and four-w heeled carts, the bodymaker may 
Iwi allowed to take a hand in the construction 
of broughams, landaus, landaulettcs, sociables, 
victorias and barouches. The presence of the 
side sweep and turnunder in these vehicles, 
together with boot contractions, nccesHitato.s 
some distinct preparation for tho marking 
off of the tenon and other shoulders and bevels. 
The cant board is, first of all, a plan. It is not a 
plan taken in any one place, but the body is 
shown at the cant rail, elbow and bottom, and 
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anywhere that an i?nportant joint is located. 
Here wo find all these lines plotted together, 
as it wore, on one plane surface. One can see 
that, with a turnnndor, the body is narrower 
at. the bottom than at the elbow, therefore 
we should expect to find the bottom side lino 
inside the elbow line on the cant. The side 
sweep decides the plan sliapc of tlie cant, rail, 
fence rail, elbow, etc., and wo cannot cut olT our 
scat lail lengths imh'ss we st'e exactly where 
they come. The difhTcnee in length of tho 
various bars across the shoulders is seen exactly, 
likewise tho door pillars planned so as to [present 
a pair of parallel faces between which the glass- 
frame may slides. 

On our cant board, allowance is made for tho 
swing of the door, taking the distance from the 
hinge centre to the shut pillar as the radius. Tho 


tho beginner should first practise tho outlino 
in elevation of simple bodies, adding later the 
end views and plan. Then ho may finish the 
vehicle throughout by adding the under ‘carriage, 
wings, lamps, cushions, and other d('lails. Then 
types more curved should be taken, and tho 
larger scales before the smaller ones. 

The Successful Draughtsman. A 
draughtsman, whatever vehicle lu^ may under- 
take, must b(5 in some (h'groo versed in Iheo- 
relieal and applied mechanics, must understand 
the laws of hygiene as applied to a ]>ropcr 
current, of air, and maintaining a suitable tem- 
ptu'ature, and must understand the various 
physical and chemical changes that materials 
sulTer under varying climati(; and otlu'r condi- 
tions. He will also bo called iiy)ori to make 
‘‘ blue prints ” from his tracings where duplioa- 



driving boot is often narrowcu* across tho hraekets 
tha?i at the body. Wo can show tliis, thereby 
('uabling the bodymaker to see tho length of too 
piece, bracket bar, top and bottom l) 0 ()t bars, 
and the fixing of the boot side. Tho student 
Mill soon realise that th<? door pillars present 
a larger surfac<; outside lhan iiisid(‘, likewise tho 
door is narrower across its inleriial dimensions. 

The Value of Practical Experience. 
Many affirm that to bo an accomplished 
draughtsman it is necessary tliat tho actual 
handling of the tools and workshop routine 
be undergone, otherwise the individual does 
not grasp the details of his Mork in a practical 
manner. must not draw a pillar and 

Hull add the Wixsting, or provide a door 
Milhoiit means of oyiening it and providing 
a safe clearance. But bench wairk does not 
always fit a man to go into Hie office. W'^e may 
sec ane.xperienccd mi'chanii^ draw a forc-carriage 
that will never lock, and canTully shoAv the hole 
for the handle fixing through the standing 
jiillar. Perhaps it is the practical mindunaecom- 
panied with the ability to put such thoughts 
on impor. Being given a technical knowledgtN 


tion is necessary. The coachbuild(T now uses 
these, having sciui their utility in the ywints of 
the chassis supplic'd by tho motor engineer for 
the bodymaktT’s guidancM\ 

Ff one can enjoy drawing as a. pastime tlu^ 
work at the bench has Iumui wisely supplmneritt^d. 
The ambitious Avorkmnn linds that ho ran covit 
a Avide range of jvetion with penri! in hand, and 
a ])i(*ce of AA'ork is l onsi i iictcd sooner on payier, 
and either yia.ssed or r(‘j<‘f*lcd, as Hu* case may be. 

Teachers in(‘vening classes know bow popular 
dr.iAving is as a sulijeel.. It is sometimes rather 
disajipointing to find the annouiictunent of a 
Avi*l!-y)re.pared lecture produring a smalh'r atten- 
<lane(? than a scab* drawing niglit. Many 
worknu'n, after a hard day at the shop, Avill 
gladly eonu* some distance in order that a c(Mij)le 
of hours may he spent in drawing. Try to teach 
them another branch of their t rade, or lu'lj) th(‘m 
to hf'lter thenis(*lves in Hieir own parlieiilar 
A'oeation, and you may find your energy «'x- 
jx'nded in vain. Ft is not urieonimoii to find 
practical CAa-ning trade classes and technical 
drawing eias.ses witli a. respect i\^c attemlineo 


of one pupil to seva*n. 
Continued 
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COME alluft^ui was made to refraetiou in the 
paraj'rajdi called The Lair o/ Least Time [page 
25()0J. The word is d(M i ved from tJie Latin Fratup 
(I break), and its appropriattmess is (‘vident. to 
anyone wJif) lias seen tJi<^ appar<‘nt breakagi^ of a 
[leneil partly imnK'rsed in a tumbler of water. 
A still more striking instance of refraction is 
furnislied by tlu^ familiar experiimmt of putting a. 
coin in a teacup, standing so that it is just hidflen 
from tJie eye iiy thci edge of the caip and tbcai 
pouring in water. At a ecatain point tlu* coin will 
becomes visible. This means that the* rays of light 
passing from it- through the watcu* have been 
refraetcal or turncHl at an angle* on passing from 
the watf'V into the air, so tliat you are enabled 
to “see round a- cormu. ’ The* laws of refraction 
hold triu^ wlu'thcM' wc* trac'i^ llie course of light 
from, for instance*, air to wa.te*r or from wate-r to 
air. In the* first case*, the light is bemt towards 
the normal; in tlie* se'coiid case* it is bent freun 
tlie normal. (We* have* seen that the* normal is 
the peu{)endicular to tlie* surface.) The facts 
of refraedion aav. very mue*h more* important tlian 
llioH(H)f re'fh'ct ion, bce*a,usci the*y emable^ us to make 
<li»(’Ove.'ries cone*erning tjie* veiy nature* of light, 
and b<‘cau8e of tlieir value in optical instruinemts. 

The Laws of Refraction. Jf wo states 
these law's in a demhle* feirm, the lirsl is ielenlical 
with the similar law of rellesdiem. *rhe‘ ineide‘nt 
ray, the re‘fi'aide*d ray, and the* normal are all 
in one^ plane*. 

The seeemd j>art of tlu* law of refraetion is mueh 
more difficult, and is known as the hur of sines. 
Professor Tait thus state's the two laws in one 
Hentene’O ; . the^ im*ident and refracted rays 

are in one idane with the normal to tin*, surface, 
and the sines of tlieir inclinations te) it arc in a 
constant ratio.” This latter j)art may be* other- 
wise stated, thus : no matter the angie at which 
the ineidont light falls upon the refracting sur- 
face, tlie r.atio of t he sine of the anglej of ineiclene*e 
to the aino of the angle of refraetion is always 
the same — for any tw'o given nu'dia. This 
remarkable fact — the law of singles refraetion-— 
was discovered by Snell, a physicist of L*yden, 
about the year lt)2(l. 

The accompanying figures will allow' the readc'.r 
w ho is unaeqaainted with trigonometry to und<*r- 
stand the meaning of this 
huv. We have taken equal 
lengths of the incident ray 
and of the refracted ray, 
and from the terminal 
points of each — a and b — 
liave drawn perpendiculars 
to the normal (the doited 
Knee). Given the same two media, say air and 
‘ w^ater, the ratio of the one dotted line to the 
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other is alwaifs the .vamc, no matter at what angle 
the ineidont light impinges. 

Refractive Index. It is necessary to 
understand (!l(*arly what is meant by the 
constaneij of thi^ ratio betw(?en the two sines — or 
betw'een the dotted lines drawn in the (Conditions 
of our <liagram — in order to be able to understand 
W'liat is called the refractive imler. Tlie ratio of 
(he sine of the angle of incidence to that of the 
angle of refraction is always greater than one 
when the light ])asses from a rart'i* to a denser 
niedhirn, as, for instance, from air to water. This 
is only another w'ay of saying that, in such cases, 
the ray is always bent towards the normal. The 
eon verse of this sialement is obviously true. It 
is thus possibli* to express very briefly the 
amount of ^'fraction which is characteristic of 
various media, assuming that in each case the 
light passes into them from air. The ratio of 
the sines in tlie case of the passage* from air into 
water is as 4 to 3, and the term refractive index 
is applied to tliis figure* ; in other w^ords, the 
r<*fractive index of water is 1-33. This may bo 
compared with tlie refra(‘tive index of tho 
diamond, which is about 2'*L Tt is this very 
high value of thc^ refractive irnh'x which gives 
the diamond its brilliance. [See also below'.] 

A Complication. But the case is not so 
simple as we liave liitlierto described. Snell 
statcid thii law of simple refraction ])erfe(:tly, 
but for one notable exception. He said notliing 
about the kind of light employed; nor could he, 
since he did not realise those facts concerning 
the nature of light w^hieh refraetion itself has 
subseqiu'iitly (mabled ns to discover. In de- 
scribing the refrai4ive index for any two media, 
or for any second nu'dium in relation to air, it is 
necessary to sp(;eify that tho light be homo- 
geneous, or all of one w\ave length. If we 
employ mixed light, such as white light, its 
various constituents are differently refracted ; 
thus the ligures (juot(*d above are true only for 
homogeneous yellow light of a given wave length. 
This the ri^ader already knows, since w'O have 
quoted from Newton himself, the discoverer, 
the statement that “ Light itself is a hetero- 
geneous mixture of differently refrangible rays.” 
We may make further quotations from the 
classical woi ds in which Newton announced his 
dis«!Overy in a letter to a friend. 

Newton’s Experiment. “In the year 
1600 I procjurcd me a triangular glass prism, 
to try therewith the celebrated phenomena 
of colours. And in order thereto having 
darkened my chamber, and made a small hole 
in my window shuts, to let in a convenient 
quantity of tho sun’s light, I placed my prism 
at its entrance, that it might bo thereby refracted 
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to the opposite wall. It was at first a very 
pleasing clivertisement to view the vivid and 
intenso colours produced then^by ; but after a 
vbile, apj)lying myself to consider them more 
I ircuinspcctly, I became surprised to s (‘0 tluun 
in an oblong form, which, according to the 
r(*ceived laws of refraction, 1 expected should 
liav^e been circular. . . (Comparing the length 

of this coloured s]Xictrum witli its hnsadth, I 
found it about live times great(‘r.” He then 
goes on to describe st^veral modilicat ions of the 
(experiment which ho thought might explain the 
result. Kor instance, lu^- alien'd the thiekiu'ss 
of his prism and transmitted the light through 
parts of dilTiTont thiekrmsscs. also varied 

Iluj si/.c of the hole in his shutter and trk'd placiug 
tlu^ prism outside the hole instt^ad of inskh*, luit 
he always g(^t the same restdt. Many other 
suggt'stions oc(airn'd to him, all of which ho 
successively dismissed. One of tlu'se is (d gn^it 
int(Test, since it shows how the mind of the 
philosopher ohsc'rves apparent Irivijdit ics, and 
sinc(‘ it suggests an (‘xplanation based on the 
corpuscudar theory of light. It has a hearing, 
loo, upon many sports and ufKm rilhr shooting. 

“ 'rii(‘n 1 began to suspect wind her the rays, 
after their trajeetion through the prism, did not 
move in curve lines, and according to their more 
or l(‘ss eurvity, tend to divers [)ar(s of the. wall. 
And it iniuTased my suspicion wh(‘n I renuuu- 
heri'd that 1 had often seen a tennis-ball, struck 
with an oblicpie racket, describe such a curve 
Jin<\ For a cireidar as well as a ])rogressivo 
motion being eornmnnicated to it by that stroke, 
its parts, on that skk* where the motions corispiiv, 
must press and beat the contiguous air mon^ 
viok'iitly than on tht‘ oth(*r, and there (‘xeitc* a 
reluclancy and reaction of the air proportionally 
greater. And for tlu' same reason, if the rays of 
light slumld pcxssihly bi^ globular bodic's, and by 
their oblique ])assagc out of one medium into 
another aetpiiro a circulating motion, they ought 
to feel the greater resist anee from the aml>i(*nt 
adher, on that sid(^ wlu're tlie motions eons])ir(*., 
and tlu'nce be. continually bow‘‘d to the other. 
But not withstanding this plausible ground of 
suspicion, when i came to (‘xainine it, l coidd 
observe no such enrvity in them. And besides — 
which w(us enough f<u* my pur])osc -I observed 
that the diffeT’(mc(? betwixt the length of the 
image and the diamebu' of the hole, through which 
the light was transmitted, was proportionable 
to their distance.’* 

The Crucial Experiment. Finally, 
Newton tried what he calls the pxprrhnvnium 
rn/rt's, or erueial ex})eriment, a fdirase derived 
from a eidebraled argument of Bacon’s in liis 

Novum Orgaiium.” Ffe says : 

“ I look two boards, and place<l one of them 
close behind the prism at the window^ so that tho 
liglit might pass through a small liole, made in 
it for the purpose, and fall on the otlier board, 
Avhieh T placed at about 12 ft. dislanee, having 
lirst made a small hole in it also for some of the 
incident light to pass through. Then I phiced 
another prism behind this second board, so that 
the light traj«^ctcd through both the boards 
*night pass through that also, and be again 


refracted before it arrived at tho wall. This 
done, I took the, tirst j)rism in my hand, and 
turimd it to and fro slowly about its axis, so 
much as to mak(5 the sevcu’al parts of the image, 
east on the stcond board, suece.ssively pass 
through th(^ hole in it, that I might ohsiuvo 
to what places on tin; wall the second prism 
would refract t lu'm. And I saw, by t ho variat ion 
of those places, that lh(^ liglU, tfuiding to that 
<‘.nd of the imago towards which th(5 refraction 
of tlie lirst prism was made, did in t lie second 
prism sutler a refraction considcrahly greater 
than tlu* light tending to tho other ('iid. And so 
the triH^ cansci of tlu^ l(*ng(li of that imago was 
d<'tected to be no other tlian that li(j}it is not 
similar or homogi'rical, hut consists of diffnrtn 
ruffs, some of irhirh are. more relraiK/ihle than 
others; so that without any diih'i’imee in tluur 
incidene<i on tlu^ same medium, some shall ho 
num^ nTracted than others ; and the.rc:for(^ that, 
according to their partirntar d/yrees of rejraniji- 
hilify, they were t ratisniitled through tlie ])risin 
to divers parts of the optiosilo wall.” 

Explanation of Refraction. In ordt^r 
to explain the facts of n'fraetion on his own 
tlu'ory of light, Ninvton a.ssimu'd that tho 
etirpuseli's of which he thought li^dit to consist 
must travf'l faster in a d(‘nser medium- faster 
in water than in air. But on the wave theory 
of light w(^ must assuim^ that liglit travels 
more slowly in the (h'user medium, and in such 
a ease llu' refractive imh'X exi)rcs.ses the ratio 
between (he two veloeiti(‘s. In order to satisfy 
onrs<‘lv{‘s on this point, it is necessary to 
demonstrati* expiTinu'ntally that light moves 
moH' slowly in water than in air. ’riiis w'aa 
provi'd by din'ct imaisurcnviit mori' than half 
a century ago. 

Aerial Refraction. Provided that lli« 
air through which light passc'S Ih) all in tbs 
saiiKi physi('af state, the light will travel if 
straight lines; but if. For instams*, (he density' 
of (he air Ixi changing, i(s n'fraelive index 
changes, and th<' light is cojj^tanlly being 
turnisl in (his direction and that. Hf'ime, tluiro 
is the w'avy ajifK'arance of tlu* afmos]jhcre whieli 
is^sometini's noticed, hut. the most striking 
instance of this is furriislasi hy tlu's case of a 
lighti'd candle or gas-j*‘t. In a church or a 
conceit room cveryom' has noticed the W’avy 
aj>p('aranci‘ of tlu.' air abovi* sucli a sourci', of 
lii'at. d'he gas-jet giv(‘^ ris(' to currents of hot 
air which pass njiwards in an irregular fashion 
due to (Irauglits. booking, then, at a window 
beyond such currents, it si'i'ins to be tlirown 
into vibration. 

Relraction and the Setting Sun. 

Now', Ave bclic'vc that there is an u|)p(*r limit 
to the atmosphere. Beyond it the light travels 
in ])ure ether aloru'. When i( strikes the atmo- 
spheric it slioidd, tlu'refore, be refracted, bent 
towards the normal just as wl en it ])asses from 
air to water. Naturally the refractivic index 
of thic air will hecome greater as it becomes 
denser, that is to say, as tho light advanee.s 
towtaids the earth. Tim more obliquely tluc 
light enters the atrnosjihoro tho more innrkc'd 
will be the refraction, d’hese facts are of much 
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in jislrononiy. It follows from them 
that when a celestial object is near the horizon, 
HO that the light from it is penetrating tlic 
atmoH)>hor(* very obliquely, refraction is very 
marked. Tims, at sunrise or sunset lh<5 solar 
disc appears not circular but elliptical, the 
long axis being hori/Aintal. This is due to the 
fact that the light from th(^ upper part of the 
disc is less markedly refract<‘d than that from 
thi‘ knver part. 

Let the rc'ader draw for hims<‘lf a circle 
r<*])resenting the surface of the earth, and then 
a series i>f concent ric circles extta'ujd to that, 
represfuiting atmospheric layers of dithTcnt 
density. Let him then mark two points, one 
to imlieati' an observer and tlu' other tlu* sun 
below the horizon. Let tlu' solar light be bent 
towards tla* noinial, again and again, as it 
passt's through the ev(‘r-denser atmosph(‘re. 
'lake, then, the final hending, ]n-ol(mg its line, 
and it uill he ivalis(‘d that the sun, or, ratluM*, 
a virfml itna'jc of tlu* sun, may he setm, even 
wlu'u the sun hims('lf is bi'low the horizon. 

Total Refraction. It follows from the 
laws of refraetion that under eeiiain con- 
ditions light must be totally relb'cted from 
tlu* surface, refra(*tion luang impossible. 'J’iius, 
in the ease (d' homogeiu'ous liglit, in air that is 
shining ujK>n wat<'r, the r(‘frii(‘tiv(‘ ind(‘x, as 
we have* seen, is about oiu'-third. If, how(*ver, 
th(' angle of ineidejiei* is made extremely oblique 
th(‘ law of sines cannot lx* sati.sjit‘<l and the 
light is all n'tleeted from the surface of the water. 
The ease is much more strik'mg, howevtT, if wo 
consider tlu* .source of light, to I v. under the water, 
and tlu* light to bt* eiuleavoiiring to make its 
way into the air. \\\' have already seen that 
in such a easi* the light is bent away from tlu* 
normal. If tlie incid(‘nce of the light he made 
more and more ohliqiu*, at last tlu* ray is totally 
eaptured ; the light cannot get, out of tlu* wafer 
at all, hut is all turned hack, this heiiig known 
as total inti'rnal rv/lcvtiini. 'tlu* limiting angle 
of incidenee, at whieli all refraetion bceonies 
impo.ssil)le, is known as the vritical aaglr. 
Liglit cannot }>ass from a denser into a rarer 
m(*diu»)i when its angle of in<*idenee exee(*d.s 
the critical angle for the ease in question, Tii 
the ease of tlu* diamond the critical angle is 
vt*ry small as compared with glass or water. 
Indeed, light eaiinot gel, out of a. diamoiul 
except at an angle less than about 23’. Tf 
the angle he grt*ater than this (he light is totally 
rclleeted internally, llema*, the hrilliaiiee of 
the gem. 

The Mirage. Just as the laws of refrae- 
tion explain the visibility of celestial objects 
winch ma 5 ^ be actually below the horizon, so 
th(* critical angle and total reflect ion produce 
the ;a/mr/c, an optieud illusion hy means of uhich 
one may be abU^ to sei^ terrestrial objects whicli 
art* oft(‘n really far below the horizt)n. 'I’liis 
occurs where the density of closely adjaci‘iit 
layers of air varies greatly. In the desert, for 
instance, the air near the ground may sometimes 
bo rarer than the air ahovc it. 'riio mirage 
may take many different forms, the imago stJiue- 
limes being inverted, sometimes erect, double 
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or single. It occurs, of course, also at sea. 
The commonest form is where distant objccta 
seem to lx; reflected in wliat looks like a lake 
of water in the heavens. The plienomenon is 
due to successive refractions through successively 
denser layers of air until at last a layer is reached 
at tlie angle of total reflection. The rays of 
light are then returned to the eye of the observer. 

The Prism. VV'e all know what, in general, 
is meant hy a prism. From the present point 
of view, a glass prism is simjJy a refracting 
medium hound(*d, or partly bounded, by plane 
surfaces which form an angle with one another. 
If the surfaces of such a medium be parallel 
to one anotbc!’ as, for instance, in the case of 
;i thick sheet of glass, the light passing through 
it i.s rc*fract,ed, but emerges from the refractive 
medium in a course strictly f)arallcl to its 
jirevious course. Thus in looking through a 
sheet of glass the positioji of objects r(*latively 
to one another is not changed. The whole of 
the light ])assing through has been refracted ; 
but there has been no modification of tho 
mutual H'lations of tlu; 


/\ refracted rays. Very dif- 

ferciil is the case of tlic 
/ \ piisfu. TJie acconipany- 

/ \ ing diagram shows a 

]>ri.srn through which a 
ray of light is ])assing, the light being supposed 
to lie in the ])lane of the paper. \Vc see that 
when the light erd(‘rs the prism it is bent in the 
direction of its Ibicker part and again in this 
din'ctioii on cinerg(‘ncc. 

Dispersion. But now let us suppose 
that we an* dealing with ordinary white light. 
J'he prevous (piotation of Newton's words 
will tell us Avlial luippcns. When N'(;wton made 
a slit in his shut ter he found that the image 
of it after passage through a piism yielded a 
band of colour. Newton's exf)orimi‘nl, can 
easily be repc'ated. X miri’or ])laced in the 
sunlight is ust*d to direct a ray of light through 
a slit into a dark room, a prism is placed in the 
path of the ray and a band of colours consti- 
tuting llu' 


.s]x*ctrum is 
t h r o w n 
uj)on the 
o p p o s i t e 
wall. The 
t e clinical 
name for 



this spreading out of the constituentsof white light 
into a many-coloured hand hy means of a prism 
is "dispersHui.'’ ‘‘ 'I’he amount." says Professor 
'Fait, by which any part of this spectrum is 
shifted from tlie true position of the bright 
slit depends (other things being equal) upon 
tho amo\int of the refraction. It also depends 
upon (lie angle of the prism. And, for a given 
angle, tlu* length of the spectrum depends upon 
the ditlercncc betw^een the refractive indi(;es 
of the red and the violet rays. This is called 
the dispersion.” 

The Correction of Dispersion. H. 

now, we take a second prism, having the same 
angle as the first, and place it in the path of the 
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Spectrum, we find that it recombines or gathers 
together again the dispersed rays, restores tho 
light to its original direction, and yields us the 
unaltered imagt? of the slit again. This simple 
(‘xperiment of Newton ijrovcd once and for all 
that sunlight is a mixture of all sorts of colours, 
and that the colour we call whita is simply tho 
sum of all these. But Newton further conciiidcd 
from the second experiment that dispersion and 
r(‘fraction go together, since he found that wluui 
he corrected the dispersion he also corrected tins 
'f(‘fra<;tion. In other words, he concluded that 
the amount of disjicrsion is, in all substances, 
proportional to that of tho refraction. It tliis 
\n^re so, and wo combined two prisms made 
of two ditferont substance.s, having dillcrcnt 
I'c.fractivc indices, and also having (titfercrit 
angles, so that the second would exactly annul 
die dispiTsion caused by the first —then the 
icfraction would also ho annulled. Fortunately, 
liowcvin*, as wo shall see latcu*, Newton was 
wrong. Many years afterwards it was <lis- 
covered that “ we have in certain media largi^ 
ridraction with comparativc'ly small dispersion, 
and vice versa, and thus that the disp(U'sion 
may be got rid of while a part of the refraction 
remains.” Previous to this diseovery, it had 
oeeuiTod to one observer that the liumun eye 
might furnisli tlm key to the problem —for in 
th(? eye tluTCj are sevctral media of different .'aw/s, 
and tluiir combination permits of refraction witli 
only very little dispersion. To tliis wo shall 
return when we consider lenses. 

A New Complexity. So much for a pre- 
liminary discussion, with tlie irreducible mini- 
mum of mathematics, of rell<‘otion and refraction 
at ])lanc surfaces. We must now turn to the 
difficult questions raised by the incidence, of light 
upon spherical surfaces. 

Wo may b(;gin with reflection at a splKuieal 
surface, ff we tak(^ any jioint upon surfaiu^ 
of a sphere, wo may eoncoivo of a jilano M'hich is 
called the tawjent plane, and which may be 
imderstofxl best by saying that the plane of a 
billiard table is tho tangent ])lajie to that point 
where a hall r(‘sts upon it. Now, what wo 
have already dolined as the normal in such a 
ease must ])ass through tho (xuiln; of th<‘ s])liero. 
^rhcs(‘ facts arc all that are nee(*s.sary by way of 
introduction to th(‘ undeistaiidiug of the beha- 
viour of a spherical min or. Sueli a mirror may, 
of course, have two rcflee.ting surfaces, the om^ 
internal or concave, and llu^ other exl('rnal or 
<‘onv(‘x. S[)eaking of such a mirror, we defim? 
as its ixmtre, or more properly as its oenln^ of 
curvature, the centre of the s])lu‘re of which 
the mirror forms a part. The mid point of the 
lefloding surface of the mirror is called its pole, 
and the straight line joining the pole and the 
centre of curvature is called the principal rt.r/.s\ 
Tho.se t<‘.rms are quite simpk;, but tlu^ reader will 
tlo Avcll to draw diagrams for himself in order 
to illustrate them. The next term requires a 
little more care. 


The Principal Focus. By the principal 
focus wo mean that point towards which tho 
mirror reflects the rays that fall upon it directly 
-—that is to say, in a direction parallel to its prin- 
cipal axis. The diagram shows the incidence of 



rays ])arallel to the priiiei]):»l axi.s. Aft(‘r reflec- 
tion such rays all converge* to flic point F, the 
Jaw, of course, being followed thal tlie angle of 
reflection is equal to the angles of incidmieo. In 
our diagram AC Avill nqin-senf the norjual to (he 
tangent j>lane at A, and the angle.s on (‘aeli side 
of it must b(^ {‘(jual. llmtee, it can be easily 
prov(‘d that the x)()int F is midway belwiam 1* 
and C — that is to say, we make llu^ assertion that- 
the principal focus of a spJuricnl inirror lies on its 
principal arts, half u'ai/ between its centre of curva- 
ture and its pole. To this point all rays of light 
impinging directly upon the mirror an^ reflected. 

If wo turn tl)c mirror round, so to speak, and 
use its external surface so that it becomes a 
convex mirror, thc^ same is true. Tl\e rays 
turned back from the surface of the mirror 
indicate the principal focus, which is again the 
mid-point of the juineipal axis of the mirror, 
but in this case. of\;oiirs(*, the rays of light do 
not reach the fotms at all, and it is thus a virtual 
focus [.SCO diagram 

Spherical Aberration. The simjile 
.statement wo have made as to th(‘ principal 
focus is, however, not strictly tru(‘. Tlu^ further 
away th«' inoidmit rays are from the pole of tho 
mirror 1 lu* less accurately do they (ionform t o t Ids 
rule. They pass iu‘ar the j)rinei])al focus, hut 
not actually (lirough it. 'rias m^an r the ]>rincipal 
axi.s lh(^ less is tlu^ deviation. TIk' etTocls of this 
inexactitude upon resulting imago are tech- 
nically kiUAvn iui spherical (dwrra-tion. If, how- 
ever, instead of using a spluaical mirror, the 
section of Avliich is an are of a circle, we use. a 
parabolic mirror, the section of which is a jiara- 
bola, all rays whatsoever, f)arall(*l to the jirineipal 
axis of the minor, an^ precisely reileeted through 
th(‘ principal forms. For astronomical jmrposc's 
absolute acmiracy is ncci‘ssary - luaicc parabolic 
mirrors are always cmployr d fur the lin(‘ mirrors 
of reflecting telescopies, and sphmical aiHTration 
is thus avoiflcd. 

Fvidcntly in th(‘ case of a s]ih('iical mii'ror 
any radius is cipially able to act as principal 
axis. On this primapal axis th(‘?‘c ari; two 
points Avhich have, a rt'ciprocal iidat ion to one 
another, such that tlie rays fiorn either are 
brought to a forms at the other ; they are 
therefore called r^mpajatc foci or focuses (Latin 
jugunij a yolk). VVe shall afterwards see that 
leases have similar i>ropeitics. 


Continued 


2735 




/, Tay Bridge 


SOMK FAMOUS BRIDGES 
B. Victoria Bridge, Zanilu)«i River, just before eoiupietiou 
D. Siikkur Bridge, India f. Forth Bn<li,-e 


C. Tower Bridge, London 
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mntiiiiu-d from jkiko ‘U ftW 


By Professor HENRY ADAMS 


Bridge Foundations. 'rJu* of 

the rising generation having the use of ferro- 
conert'lc and steel i>iling will ])rohahly marvel 
fit the temerity of l)iidge engineers in building 
upon wooden piles and jdatlorius so late as th(‘ 
nineteenth camtury, but it has yi'l to 1 m' proved 
that the newer materials have any advantage. 
The ]»iles under old London Ihidge n'lnairuMl 
sufheiently sound to support the massive* super* 
strueture after nearly yi^ars, and the pr(‘sent 
l.ondon Jhidge, built in 1S‘2S, n'sls u])on a plank 
and ]>ile foundation, 'rrajan’s bridge across 
tile Danulx' rested on wooden jiiles, and one of 
tlies(\ when taken U}) for inspea tinn aftiT having 
been in use more than Iboenturies, \\ asfoun<l to lx* 
pelritiedloadepth of three-tourtlis of an im*h, hnt 
otherwise little altererl, ( 'ast-iron piles have been 
in use siiu'o about 1820, but tlity appear to have 
Ix'eu used only for colTerdams and wharf walls. 

Rolled«steel Piles. Rolled steel piles 
of a }>attern jiraetieally identical with some of 
the east -iron ])iles of neai ly a e('ntury ago havi^ 
been recently iutrodiu’ed. 'Phey are particularly 
Buitable for slux'ting round foundations, eolTer- 
flams 1T5J, and bridge cylindiu's jlB). Wlum ]nit 
togethcr the* joints run at 12 in. ( (‘ntre to centre, 
and the shape jx'rmits of any outliru* ii\ plan 
b(“ing follow<‘d. For a snddim bend the pile 
is (’urved transversely, as 17. 

Screw Piles. Small Vuidges and ]her 
jetties are often carried by serew piles. 18 shows 
the serew for the lighter eases and 19 for the 
heavier. The formi'r may he made in a se[)arat(' 
easting attached to a wrought -iron or st<*el 
column, or may he simply foitned on the lowest 
length of a east -iron eohirnn. The latter is 
always formed on the bottom length of a east- 
iron column, and is usually ado])t('d for eolunm 
diameters of 12 in. to 30 in. They are screwed in 
by a temporary timlx'p framing bolted on to the 
up})er tiango and rotated like a (capstan head by 
a rope from a erah winch. I’lie width of the 
Borow blade varies according to the nature of 
the foundation ; the largest diameters are used 
U}x)n sand and ])eal. 

Hydraulic Piles. For similar pur])oses, 
hydraulic piles an? sometimes used upon a sandy 
foundation. A railway viafluet was carried 
across the sands of Moi’ei'amhe Ray in spans of 
30 ft., each pier being eomposcfl of two main 
piles and two raking piles, as 20. The piles 
were in 0 ft. lengths, and 10 in. diameter outside, 

main piles were 30 in. diameter, with an orifice 
2 in. diameter for the discharge of water. The 
mode of sinking consisted of loading the top of 
<jaeh pile and guiding it by a pile engine, pumping 
water down the ])il(', and as it escaj)ed through 
the bottom working the pile backwards and 


forwards with an alternating rotaiy motion, s(, 
that the cutters on the disc could loosen the 
marl while tlu? water waslusl away the sand 
and fragments. The piles were suid< to an average 
de})th (d' alx)ui 20 ft., and it was ealeiilatisl 
that the sand liad a supporting power of about 
5 tons per s(|uaio foot wlien it had sidtled. 

Bridge Cylinders. 'I’lie fnuiida lions for 
lieavy hridg<s may he of masonry built up 
within eotferdams or caissons, or may be of 
east iron eylindt'is lilhsl uitli eoneiiMi*. This 
arrangefneiit is shown in 21. 'rimlx*r ])iles are 
driven at intervals round the sili* to act as 
guides to the (‘ylinders, the bottom section, con- 
sisting of a ste<‘l euib with cutting edges, is put 
in position, and tlu* (‘ast-iron segments forming 
the body of the (‘ylinder are tlum boltid together 
on the eur!> with water-tight joints. The eylindia* 
s<x>n Ix'gins to sink by its own wtsglit, and the 
material is tlum exeavatcxl from the interior by 
haiul or by grabs, and additional si'ctions are 
bolted on at the top. h]xtra wi‘ight is added 
will'll ni'cessaiy to force tlie cylinder doun. 1h\o 
or more such cylinders are strongly bmeed 
together at the top to form a singh* ]>ier. 

The Cantilever Principle. 'I’lu? greatest 
advance in moih'rn bridge building for large 
spans has been due to the advantage, lakiai 
of the cantilever prineijde. Wlti'n a beam is 
continuous ovit several spans it is found that 
belwei'ii th(? su])ports iheri* are two points 
AN here the l>entling moin(*nt vanishes ; tlu'se arc 
tin* fxtijifii o/ contrarif ff twit re, or where the tensile 
stress in the upper portion and eompr(*.s^ivc 
stre.ss in the lower ]K)rtion, above each su])]x;)rt, 
iliminisli to zero preparatory to their gradual 
ineri'ase to the, maximum stresses of tlio n'verse 
character at the centre of the span, niis is 
tluv principle of eautih'ver bridgi's, of which the 
Forth Rridgi' is the most widely known examjde. 
Tt is the sanK' as if cantilevers wen? built out on 
both sides of the pier to hahinei? each other, 
and tlic! eantilevi'is from adjoining ])iers then 
carried an ordinary girder suspendisl Ix'twei'ii 
their ])oints, these jioints being eipiivalent to the 
points of contrary tk'xure in a continuous Ix'am. 

The Forth Bridge. ITis Iwidp^ [22], 
based upon llu* cantilever jirineipic, involvi'd 
nothing tlu'ori'tieally new, hut the magnitude of 
the structure and the marvellous skill shown 
in the design evoked wi'll deserved ])rais(‘, and 
although many .subsciiuent bridgis of the same 
kind may reach a larger span, the <‘hief merit 
still reniains with Sir Ik'njamin Baker and 
those allied with him in the work for having 
been the successful pionoeis. "I’he work of 
erection, although expedited with all the skill 
and force that modi'rn .science could suggest or 
money could procure, oecupii'd no l(*ss than 
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sc*voii years. Allng(‘th(‘r it roaches from 90 ft. 
below water to IKiO fl. above, and is I \ miles 
lon^. 'I’lie weight of tb(‘ supi'rslruetme is about 
4r>,(i00 tons, but altojijetlier over r>0,0(Kt tons of 
ste(‘l w(‘re (‘niployed, l)(‘skJes I4tt,000 eiibie yards 
of masonry and eonerete. Then* is .a clear head- 
way for slops of ITiO ft. above bi^li-water for a 
width of oOt) ft. at each (d‘ tlie two great op<aiings 
of 1,710 ft. span, or lU'arly one-third of a niil(‘. 
Ifalf tin? bridge- only is shown in 22. 

The Quebec Bridge, 'rin* bridge over the 
Hiv»*r St. Lawreru'e at Qiielaa; now in eourst* of 
const inet i*)n is of tlie same type as tin* Foiih 
Hridge. It will have the larg(‘sl single span in the 
world, exee«*ding tin* forth l>ridg(* by 90 ft. 
9'he total J^ iigtli of tin* biidge will bt* .‘h.'JtK) ft., 
tin* length of tin* channel span l.SOO ft., and 
tin* anchor spans bOO ft. each. The eantih'veis 
proj(*et ov<'r the wat(*rway ot'rj ft. 0 in., and the 
central gir(l(*r eairied by lln-ir points is ()7b ft. 
span.- hbn* a l(*ngth in tin* centre* of 1,‘2(M) ft. 
titere. will b(‘ a eleai* headway of IbO ft. abena* 
the* highest tides. 'I’ln* central depth of the 
eantih'vers is .‘115 ft., anel etf tin* inieldh* girde*!* 
I.‘iO ft.. Tin* ai*i‘ange*fne?it e)f tin* bracing is she)wn 
in the* ludf elevation |231. 'Die* eantii(*v<*r towers 
stain! 3tl0 f(*e*t above* tin* rive*r. Tin* total wddth 
of bridge floor is till ft. It is intended to e*arry 
a doulele trae-k railway, with an (*lee*tri<* trae*k and 
highway on e*ae*h sieh*, and two 5 ft. foot -walks. 

Material for Large Bridges. In large* 
bridges by far the* most se*rious Joael is the^ 
weight of the* stiaieture* itself, th(*rf*fore* the* 
stronge'st mate'iial eompared with its we*ight is 
use*el. If alumiiiiiim would hear eennparise>ii 
with steel in strength, its light in'ss weiidd reneler 
it the mate*iial without e‘<pial for l)ridge*s, hut 
at pres(‘nt mild ste*e‘l holds tin* ))r('mi(*r pe)sitie)n. 
There* is prae*tie'ally a limiting span for any 
material, according tei its slrengtli anel weight, 
heyemd vvliieh it is impeissible to ge>, and we 
may e’enisieh*!’ that this is nearly re*aeln‘el in the 
ea.si^ of the Qiiehea^ bridge. 

The SuRKur Bridge. M’ln* Sukkur 
Tlridge ove*r tin* l^ive*r Indus is upe)n .some*what 
of the sann* piine-iple as tln.^ Forth Brielge, 
but. decidedly le*.ss ph'asing in apj)e*aiane*e*, due* 
to the* e’e>ntrast ht*twe'en tin* l)raee*el e’oinpie'ssiem 
niemliers and tln*e)the*r })arts. as she)wn in e-leva- 
tiem in 24'. 'nn*se thre'e* ilhisti'atiems Kln)w se)me 
of the* variations e)f which the. e*antilever jerin- 
ei])le> is ea})*al)le*. 

The Zambesi River Bridge. The* bridge* 
over the Zamhe'.si at the Victoria Falls, Rln)elesia, 
e*omplete‘d and opeiu-d in 1995, is a two hinge'el 
hraet‘d and rivt‘tee1 arch span of 509 ft., with 
lattie^e girder spans of 70 fl. feir the* appre>ae*he*s. 
It weighs 1,059 tons. The* arch trusses have* a 
rise of 90 ft., a (lt‘pth of 195 ft. at the* skewbaek.s, 
and 15 ft. at the* e*rown. 'I'his bridges i-; re- 
markable fpom its positie)!!, being built across a 
rocky gorge abeiut 059 ft. wide*, with pre*eipitoii8 
(dilTs of hare I basalt on (*aeh side. The^ front 
elevation anel sectie)n are shown in 25 and 26. 

The Griinenthal Bridge. Stee*!- braced 
arrh bridges have been erectt*d of many dif- 
ferent design*^ ; there would, in fact, seem to 
be almost unliiriied scope for variation. The 
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fJriinenthal .Bridge over the Baltic (.7inal |27j 
consists e)f a single span of 513 ft. 0 in., with 
an arched gireler of bold firoportions having ;{ 
rise* e)f 7S ft. 0 in. and a straight lino of roadw\'iv 
running llne)iigh it. The effect is, ejii the Avhok*. 
ve*ry satisfactory. 

The Gaiabit Bridge. Tlie (Jarahii 
Bridget over the* River Truyero in France (281 
has a similar arch with piVote'el ends, hut sunk 
I'litirely h<*l()w* the mail way. The* span is 541 ft., 
and tlu^ arch has the enormous rise* of 190 ft. 9 in. 
'riiere are^ theeire*t ie'id reasons for reducing the 
hraeeel arch to a nie're ])in lu'aring at tlie ends, 
hill the* e*tfeet is hardly ag?e‘e*ahle whe'n it is 
remarke*d that in all arches the* thrust is givalest 
at the springing. 

The Mungsten Bridge. 'I’he e'ljipositei 
eharaeteristie^ is se‘e*n in the^ Miingste'n Fridges 

129] , wliieh is otlu‘l ^vise^ of a similar character, 
'ribs brielge* is 500 ft. span and has the enormous 
propeu tioiiate rise* eif 259 ft . 'riie* areli is dee})ened 
towards tlie* alailme'nts. whe*re‘ it is ingeniously 
frame*d in with tin* braced tow'ers supporting 
the* rejadway. 

Pipe Arch Bridge. A nove l bridge* was 
recently ereete*d ove‘r the* Ri\i*r Siielhury near 
Saxonvilli*, Massachusetts. It foi'ins part of 
the* aepi(‘ehie'l Unit eaiiit's the* Boston water 
siif)])ly, anel eonsisls eif a ste'id arched pipe^ 

1 30) 7 ft. 0 in. diame'te'r, and J in. thick, don!)le^ 
rivele*el. 'rin* span is 89 ft, and the* ri.se 5 ft. 0 in. 
Te) resist the* gie*al thrust on tlie a)mtm(*nts, about 
49 fl. of .soliel e*oiierete was fille*(l in h(‘hind them. 
Seinie* dillieiilty was e*\pe*rie‘need in hanelling 
tliis work, hoi h in the* sheips and in the* lield, owing 
to its unusual eharaeler, hut it would he* im- 
possible to imagine* a simple*!’ sohitiem of an 
awkward ((uestioii. 

Long Span Bridges of the Future. 

»4o far hack as 1807 Sir Benjamin Bake'r, in a 
hook e‘ntitle*d “ Long Span RaiKvay Tirielges,’’ 
showe*d that of e*leven flilTe*rent type's of hiidge, 
which ineluded eve'iy class of design, neit ahso- 
liite'ly eeee'iitrie, that whieli lie calk'd the* ani- 
tinudu.^ girder o/ rargivg eronowir. de/jfh was the 
erne capable* e)f be*ing built to the gre*atest span. 
This type* was practically idi'iitical with that 
afte'T’warels adojited feir tlie Forth Biidge*. 
By rnathe'inatie al investigatiem he showed that 
the* limiting sjian was the*e)rotically 2,500 ft. 
in wremght iron, at which span with an infinite 
epiantity oi material and a strain of 80 invt. 
pe*!’ sepiare inch, the bridge could not carry 
more* than its own weight. With steel having 
a value* of 130 cwt. per .square* inch compared 
with 80 c.wt. fe)r wrought iron, he showed that 
the* limiting span would be^ 4,000 ft. The prac- 
tical limit w'ould, howevi*r be re*ae*]ied at ahejut 
half these .spans, ow’ing to the exce.s.sive cost duo 
to the gr<*at weight of matt*rial involved in the 
wider spans. We can hardly anticipate the 
intrejeluetion of any new principles of design, 
but we may hope that improvements in steel 
will enable higher strains to be safely n^ached, 
and the saving in weight that thi.s will eiTect ^vill 
enable still wider spans to bo crossed if occasion 
should arise. 
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pROTvI the foregoing remarks it shoukl 
^ evickait tluit the violinist's h'ft hand ]>as 
a v(*ry important ofHee. All the ting<‘r teeh- 
nique which a key hoard ptay(‘r has to ma'^tcM* 
willi both hands, in the violinist, devolves on his 
left hand alone. As tin; ma.joriiy of human 
heings are right-handed ratlier than l<*ft-lia.nd(‘fl, 
\\(‘ have hitherto tn-itcd specially of the 
manner in which the h'ss ex(‘rcis(al member is 
employed. 

The Hands. Not only does aecnrat(‘ int(^- 
intion di'peiul (m the way in which the hdt. 
tingers stop tin; notes, Imt tlie cpiality of the 
lone is inlln(*nc(‘d hy the manner in which the 
digits move, and thf* rapidity of snch motions 
is tlu' lirst necessity for N<‘locity in ex<“cution. 
^loreover, I/Arpentigny, in his int (‘resting 
hook on “ La Science; d(' la Main," draws 
att(‘ntion to th(‘ fact that tin* m(.>st correct and 
tljoroiigh mnsicians jire eharacteris(‘d hy ha\ing 
■what are known as spatulate fing<‘rs. such as 
are nunn'rous aanongst matlnanaticaans and 
algebraists, stri(;t observance of linn; and 
m(*asijre being the n(‘(n\ssarily ])n;ce(h'nt condi- 
tion of mnsical rhythm. Mnsicians, then, wln)S(‘ 
fing(‘r-ti])s are s])ade-lik(; in shapi*, an; generally 
1hos(^ who can play in time most accurately. 
On the oth(T hand, the sann* authority shows 
tliat melody is the peculiar provinci' of ting(‘rs 
which are ptuntcal. Such are h'ss reliable in an 
orchestra, although they are more capahh; of 
taking the world hy storm in solo woik. \Vlu‘re 
hotli forma arc combined, as was the eas(; with 
l*aganini and Lis/t, exemitive musical powers 
appear to reach their culmination. 

Should tin; student, then, possess thi( k, s<{uare- 
end(;d lingers. In; will, as a rule, lind it \vis<; 
to give more attentimi to the eidtivation of 
melody and expression in ])laying, than if he has 
fine-pointed lingers, in which case. Ids chief care 
should he accuracy in time, as playing in tune w ill 
eomo more naturally to him. Be that as it may, 
ecujoct movements of the right hand are as 
essential to the violinist as those; of his left, for 
the right hand manipulates the Ixnv. Without 
it the violin makes no musical appeal, inasmuch 
as the right liand and arm movenuMits su()ply 
the nec(;ssary meehanism for the product i(Ui of 
the tone, just as the k(;ys, lev(;rs, and othc*r 
parts of the eomplieatod double escapement, 
check and hamm(;r action do in the pianoforte. 

Nuances. If the left hand of the violinist 
is indispensable for the production of tone, 
semitones, intervals and nodes, it is tho right 
hand of the player which furnishes not alone 
the vibration, but the pianOt dolrCy forte, 
fortissimo, smorzando, diminuendo, mlando, and 
all tho other subtle aliadea or nuances which 


go to nmk(* up (‘xpression in playing. The 
.stiid(‘nt should uiuh'istaud that the develop- 
nu'iit of toii<'-(jii i.lity is soiuelhiug inliiiilely 
mor4‘ than uu'Vt* loudness or softness. Aeeiiraev 
of lifigering may h<‘ (h(‘ first, ('sseiitial, hut unl(‘ss 
this is allitMl to skill in bowing, tlu' re.su It is 
(miourle.ss and unint(*r(‘st ing. A graceful and 
(‘iTeetive handling of tin; liddlc-how' is a line art. 
Th(‘ lunv rej>resents mon; to the violi?iist than 
do tile keys to tin; jiianist. Wh(‘n W(‘ll mana.g(;d 
it Is llu; liddl(‘r's loud and soft ])edal. It acts 
also in the capacity of tlu' sw(‘ll shutteis of an 
organ. 

But where.i.s j>(‘dal (‘fT(‘ets ai(‘ produced 
nH‘chani('ally on a k(‘yi>oard instruuK'nl, tho 
violin student must train his right hand and 
arm to furnish tin; nu'chanism, and hid'ore he 
can use the* how with d(‘xterity, long and 
careful praetica* is indispensahh*. .But ;i charm 
of tin* violin and its how is that the two 
invarialily r(*ward merit and show no eon- 
.sid(‘ration for [lersons. Thus, (he ne(‘dy hut 
good play(‘r with a eh(‘ap liddN; and ehea]) how, 
who hy praeti(*e has made* himself (expert, will 
obtain a Ixdter (‘iVcad than th(‘ had playiT, 
although lit* possess a prieele.ss St rad. 

Function of the Bow. Nc'at execution 
in violin playing i.s ordy possihh' hy adroit 
bowing. An orator may have a. good voi(!e, 
just as a tid(ll(‘r's left, hand may gi\i; eornait 
intonation : hut it is tin' spenk(‘r’s know'- 
ledge of tin; art of tlr‘liv(‘ry which inllmmeea 
and stirs up the emotions of his audieiKu;. 
Mitlierto the student, if he has followed tho 
directions gi\(‘n, has endeavoun;d to how with 
n-gularity and straightii<'‘ss of direidioii — w^o 
liav(‘ not e(mfus(‘d him hy di;s(*rihing the many 
varicti('s of (‘xpression iihtaiiuilik; hy tlu; right 
liand. It is now impossihli; for him to give 
too much att(.‘ntiou to tlu; dillereiit styles of 
bowing. For these, lu* will lind that sonu‘tiim;s 
the. wliol(‘ how' is used, and at others the half 
h(.)w ; and that th(‘ lowc'r, tlu* middh*, and tho 
upper parts of the how* each have their duties. 

Open Strings. Th(‘ studmit should (Ui* 
deavour to infuse liglit and slunk; into tho 
four o]>en not(‘.s hy varying tlu; side-jire.ssurc 
of the how' a.s they an; ])layed. To g(d. tho 
most d(di(‘att‘ softiie.ss of expression, which was 
such a charm in tin; playing of the gn;at 
Paganini, Die straightness of tho bow may now 
slightly bo departed from. For ordinary pur- 
}>(>ses the stroke of the bow' should tic midway 
botw'oen the end of tho fingerboard and tho 
bridge. But tho softest clToet is obtained wlien 
the bowing is done close to tho end of tho finger- 
board, whilst tho sound is most brilliant when 
tho bow approaches tlio bridge firmly. 
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Xow at tho tij) slowly. Put iho }>oint 

loosoly on tho string, lowor clown than nsual. 
Push tho how upwards, iiuu’oasing l)oth tho 
prc •ssuic and tho spcs'.d as well as thc^ dircsttion, 
in ordor to g<d a uniforiu (•r<*scc‘ndo. Tfu^ stroko 
should b(^ so n‘gulat(‘fl that it has its Tuaxinuun 
firninoss as th(i liaii’ approaclu's incest c‘los(*ly to 
th(^ hridg(‘. 'I'ihs shotdd ho \\h(ui tho iniddlt* of 
the* how passos ovor tlu‘ string. Pluai, ron- 
tinuitJg th(‘ motion, causo th(‘ sound to diminish 
in llu‘ samo way hy s?nall dc‘gro('s, so that wlu n 
the* Tint of the how icaohes tlu? string tho tom* 
is almost inamlihlo. 

Sim])lo as tins t‘x<‘r(‘is(> may a])prar, it iu*(‘ds 
<ajnsid(‘iahlr [>ractic‘o to do wrll. In lossc‘ning tlio 
prc'ssun^ and |•a]^idity of tho stroke*, tlu* pla.yc*r 
aids th(* (“tha*! ly imp(*rc*of)t ihly c'l(‘\'atiiig tho 
Im)w wliilst lu* Fuoves it furtli(‘r from tlu^ hridgo. 
'Po do this skilfully r(*(piiros tloxihilit y of wri.st, 
so that tho (‘iitire* \\(*ight cd' tho Ixuv never ])ress(‘s' 
down vortioally on tho string. Now try Ex. 42. 
Practise the olToot with tlu* down- bow on each 
note of tho s(“al(‘, placing tlu* nut of tho how 
very dolicat(‘ly on tlu^ string nearer tho lingor- 
hoard than usual. Bring tho how’ down with 
inor(‘asing strength nnd a backward movement 
of the arm, so that the sp<‘(‘d is gr(*n.t(‘st. at tlu* 
middle?, wh(*n tlu? hair is closest to tlu* bridge*. 
Power over tlu? how, it will he pere(‘ived, is 
mainly produced hy tlu* tlniml), foretingcr, aii<l 
wTist. ft is only wdien the how approa<?hes the 
hridgo that its weight is stjslaiiiecl })rineipally 
hy the little ting<'r. 'Phis relaxes its tcuision 
naturally as the how' dc‘se(‘nds. 

Legato. A eurvexi line? in the? music, which 
links two -or more notes tog(*thf‘r, indicates that 
all must he plav(‘d with the same? stroke of llu* 
bow. The notes lM‘ing tied togethc'r, ( he manner 
in which they are played is known hy the 
Italian word Legato. l^(‘nd tin* wrist carefully 
on approaching the bridge. 'Plu* longer a note? 
is sustained, tlu* great ('r, as a ride, is tlu* length 
of bow used. Therefore, begin a long slurred 
passage either close to (lu* I ip or (he nut | Ex. 43 J. 


Ex. 42. CRES, and DIM. BOWING. 
^ Adfvjio. 
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Legato playing is a very important branch of 
execution for the Ic?arncr to aecpiirc. It is a fine 
art to make the sounds of the string How con- 
tinuously, so that whether the bow^ is at its 
heel or ti]), or is changing tlu? stroke, the effect 
produc'ed is ecpial. VVilhout regular }>raeliee, 
llu* most naturally gifted violinists have not. 
aecpiirc*d the ability U) how smoothly, and thus 
eompc'risate for casual lack of strc'ngth in tlu* 
left hand, or subdue sj)asmoilic t'xhiliitions of 
nnu.sual digital powder. VVdien Opii? was asked 
how' h(* mixc*d his colours, lu* replic'd, “ With 
brains.” Any gr(‘at violinist, when (jUc?stioned 
hoAv he contrivc's to how' so giaeefnlly can give 
the same answer. Not alone llio hands, but 
lu'ains must lu? employed if the learner is to 
make progrc'ss. Aft(*r lengthy practice it often 
liappc'iis that the coriseic'ntious student pc'reeives 
that, lie i.s playing worse inst(‘ad (jf h(‘tter. He 
should fet‘l (‘ueoiiraged hy siieli a heli(‘f instead 
of being disiieartened. Ihiknown to him.self, ho 
has raisc*d his own standard of musical ap])recia- 
iion, and is aiming higlu'r than ho did at lirst. 
Ife is beginning to lx* a true? artist, and tho 
gr(‘at(*i* the exci'lkmci* tcy v\')iich lio attains tho 
mon* will he in .si'cret fee*! dissatisfii*d with 
himsc'lf. 

Balance of the Bow. Apart from sus- 
taining the tone with dilh'rent degrees of strength, 
llu* how% as the source of (‘xpression. gives to 
violin music its accent. Slurs of moderaU? length 
are begun about, tlu* middk*, wlu'j'c ((uick, full 
notes an* gt'nernlly ])layi*d with (he last quarter 
of the how. After lirst seeing that, the hair is 
clean, practise sliort, (juiek slurs in order to 
improve the balance of tlu? how. I’he weight of 
tlu* two ends of (ho sti(*k being unequal, tlu* 
wrist, of the jilayer must accustom itself to 
neutralise this iiu'qnalily, aiul j)laee the ho>v 
on tlu* strings at any given point at the right 
angk* so that llu? how is in a (.‘onstant state of 
t*<jui]H)i.s(*, ready to do wluitever is requin*d of it 
with the l(*asl elforl. To get ha lance of (lu* how, 
play from the nut. using, at most, 3 in. of llu? 
hair for each shir, (hasp tlu? stic'k almost rigidly 
w ith all the lingers. Do not take the how olf tin* 
strings nor the lingers from tlu? stick. The pres- 
sure of the hair on the strings should be light, 
aiul the notes slumld How evt'uly and be neither 
hard nor harsh. 


Ex. 43. LEGATO BOWING 
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1’he detarhe, or separated, style of bowing is 
used when a short, t'mphatic note and its snc- 
, issors are playcid firmly with equal power and 
duration. Keep the ell)Ow perfectly still and 
l)i(‘ hack of the arm steady. Make the strokes 
.IS long as possible. To produce equality, put a 
little more vigour in the up than in the down 
bows [Kx. 44]. 

Puntato. Not only is riehne.ss of exjavvssioii 
'j.iined, but interest is ad(h‘d l)y studying thii 
same (‘xercise, bowing it in a dilYerent way. Wbai 
is known as fiUhtafo, or })ointe(l, bowing is tlu^ 
li)?n ])laying of dotted not('s with the tip, keeping 
th(‘ bow oil till' strings. For strengtlusiing tlu' 
right wrist, FiX. 45 will b(‘ humd an exoeihuit. 
drill. 

Veiy like pimtalo. only more sepaint»‘d. i.s Ihe 
n|)f)()sil(‘ style of bowing to legatf). This is ealh'd 
one of th(* most brilliant, bright, 
.and beautiful of bowings. 'I’lu' thuml) should 
now ])n‘ss the stick lightly. Start th(‘ siaios of 
(h'tached notes, or nhi))s of sound, from tin* tip 
in an iiji-bow, or th(‘ middle of a down-bow. 'I’Ik* 
latter is the mon' diflieult. In (h(‘ fonma*. tlu' 
iijjpcr half of th(‘ )k)w is always us(‘d. W'ilh 
one strcdvc the ili.sjoined p(‘reu.ssiv(‘ notes must lx* 
articulated ehairly, smartly, and in stihd time. 
Sueli notes are marked in music by daslies or 
(lots abovt* or below lliem. 

Nothing but iiitelligcuit practice will lead to 
a mastery of ra])id .‘-tareato bowing. No un- 
l)owed instrument is capable of giving th(‘ p(‘cu- 
liai* slaci’ato elh'cts which can b<‘ mad<‘ by 
skill(‘d })lav('rs rjf tin; liddle tril)e. Altbougb the 
production of this f(‘atnr(‘ Is purcdy mechanical, 
.and SOUK' perfonntu’s show an cxci'ptional faculty 
tor its aecninpli.shmcnt, others fail to propiuly 
a('([uire tlu^ knack. Imagine the hair of Ihe l)ow' 
to repri'sent a ‘2-ft. rule inarkcal vertically witli 
sixteenth divisions of an inch. In playing a 
passage of notes staccato, endeavour to (‘inploy 
only one of the.se sections for siiiinding each note. 
Tlegin slowly, Aftei' each short thiiist, slop. 
Nevc'r go backwards and forwards; let the 
stroke* ahvays advance, (jloorl staccato players 
can execute long passages softly, articulating 
each note clearly wdthout the bow having visibly 
crossed the strings any distance. Tin* reason 
why the staccato is (*asicr to do with tin* upper 
than the lowx'r half of the bow is beeau.se, in the 
latter case*, the weight above is liable to make 
lh(‘ b(nv spring and lake away from tlu* lirniness 
and dryness of tho etfeet \ V^\. 46]. 

Changing the Stroke. When the length 
ot the how does not suffice to execute a 
note or notes withiu the time indicated, the 
ehang(* of stroke must always la* done very 
smoothly with no diminution of power, so that 
no int(*rrnpti()n may be beard if in the middle 
or towanls the end of a ]>assage. 

ddds style, known also as the Martdhtfo, means 

hamnu'red.*’ It eonsists in d<*taehing notes 
from (*aeh other wnth tlu* up])er part of o?u* bow, 
eausiiig the hair to dwell for a moment on the 
string so as to damp the sound instantly and giv^e 
tlu^ etfeet of a little knock. If, after a special 
direction like “ Martele,” the word segue ” 
occurs in the music, it implie.s that the preceding 



style of bowing is Fx. <9. WHIPPED BOWING 
to be n‘sume(l, or 
literallv “ followecl ” 

IFx. 47 1. 

Tremolando. 

TrcnmUindn implies 
a shivering or w.ivcr- 
ing tonal (*lTcct.. ft is indicated by ,'i short 
waved Jim* under a Jo?ig nopr or (thord. Tr(‘nu)- 
lando is (‘X(‘cut('d by tlu^ noU* being bowed 
witli a loos(* wrist and (ionsich'rahle rapidity. 
The arm must be free and tlu* little ling(*r lifted. 
Necf'.ssary pressnn* to mak(* tlu* bow bite, but 
without ('xaggerat ion. is snppli(*d by the s(*(*ond 
and tirst fingei^ togeth(*r with (he tliund). 
'^riien* are tlire(* kinds of trr*molM,ndo l)owings. 
'^rhe tirst is a ])H)loMged shiver on one note*. 
The s(‘eond is a. rapid arpi‘ggio ova*r two strings, 
tlu* tirst. n()te b(‘ing followi'd by a set'ond thrice 
r(*il (‘rated. 'I’he third variety is wlu*n oiu* noti* 
is f()llow(‘d by a second n'pc'aU'd tlo icc* as befoix* 
and ends witli the tirst. noP*, tlu* last Ihrcs* 
sounds of tlu* group l)(*ing taken twiei* a< fa-it as 
tlu* tirst two. 

Ik'gin in each easi* w ith a sbai |> j( rk of the 
wrist, as if shaking drops of wat(‘r olT a w(*t band. 
This gives tlu* impetus for the sjjring of tlu* how 
and the recoil sti'oke, tlu* nuHion of the right 
hand for tn'-rnulanrlo bowing being i*llipsoidal 
instead of straight down and up \ Kx. 48J. 

Fouette. Foio'tfr, or wdiipp(*d, bowhiig 
is done by tlu* bow lieing lift(*d oil tlu* string 
and thrown on it sharply with an up-stroke 
neir tlu* point so lli.il it do(‘s md tr(*mble 
|Kx. 49]. 

Arpeggio Bowing. 'rh\s means in tlu* 
style of a harp. Soim* old writers sp(‘lt tlu* 
word havpi'ggio. " In arpc'ggios on all tlu* 
four strings of tlu* liddle tlu* tirst care mu.st 
])(* t(» get t‘oiT( (’1 intonation. Idu^ mon* awkward 
tlu* lingering Ihe gre/itcr must be tlu; attention 
paid to getting (‘acJi note in tuiu*. If tho 
stud(‘nt tires during this study, he should turn 
to .something ea.sier. The ethad should be a 
s(»i ies of soft pen'iissive yndsations, tlu; elasticity 
of the l)ow^ causing it to bound easily from string 
to string. Begin by shirring the note on th(» 
four strings befon; attempting to make the 
bow dauet*. The knack will come gradually. 
At first the how will have a habit of dancing 
two or three times on the same string. With 
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practice this irregularity uill be cured. Never 
exagg(‘ra.te tbe dancing. Make it cpii(‘tty. 
]^(;rnetnber Hiat arpeggio notes ahould be played 
consecutively with a smooth, barp-Iike eirect. 
'rii<* middle of (be bow is us(^d mostly for four- 
string arp(‘ggios. K<m‘P the hair flat on tin*, 
strings and the stick more to the left than u.sual. 
Ex. 50 gives thr(*e bars from an exc<*llent study 
by Spoil i‘. 

Saltato. S(ilfatf), oi* sautillc, i.s a peculiar 
staccatt) elTect obtained by making the bow 
bouml and ndjouml on a string (juickly, or 
whilst see -.sawing across tlu' strings. is in (*\tendofl 
arpeggios; l>ut tlic (‘fleet is more “jumpy” th.an 
before. First- tighten the bow. When (he 
faculty has bet-n aeiiuiri'd, (lu^ degr(‘e of for(‘e 
us(‘(l can be variefl. Keep the ti]) of the litth^ 
lingiM* rigidly on tlu' stick. Kel.-ix the otluT 


Pizzfcaio. Pizzicato for t he right hand is of 
far more imjiortanco. The term implie.s that the 
strings are pinched or plnckcd so as to give a 
guitar (dfect ; mea-mvhilo the right hand holds 
the how tirinly near tin? nut by the last thre<^ 
right lingers. There arc two ways of executing 
right-h.and pi/zicatos. First, when the pas.sage 
is a short om*, the violin remains under the chin. 
J^Iaee the t ip of thi^ right thumb against the lower 
edge of th(‘ ting(Mboard. With the first finger, 
plu(‘k the string or strings until the words 
“ eol areo *’ occur in the nnisie, and the how 
is again used. The second way of making 
pizzicato is employ(‘d when tht‘ pas.sage i.s a 
long one. It is then more conveni('nt and 
j)rodueti\e of a ful!i‘i- tone to hold the violin 
lik<‘ a guitar. Retain the bow' in the right 
haml as befonv This time put- the lirst fingrir 




Ex. 51. 



ting(‘r.s. Hold tlie bow ludf an ineli above tlie 
string— the ]>avt of tin* bow’ lussi is tht‘ middle. 
Drop it in siieli a maniu'r that the hair .shifts 
a fraction of an inch and the note is bowasl jos 
well as striu'k. The natural rei-oil brings the 
bow back for the ne.\t hop. Now try tripping 
on the .string.s, st(*ailily iueivasing tlie height 
from which the bow falls ; but the stick must 
not be allowed to .strike tlie strings through (be 
flair { F.\. 51J. 

Col Legno. Col Lajno, as tlie Italians s.iy, 
means “with the w(jod,“ or Le Dos dc VArchd, 
as the French say, means “ witli the back of the 
bow.” Wagner, RoildicMi, Liszt, Straiuss, and 
other composers, have made use of this etfect 
to produce weirdn(‘ss in orehestral colouring. 
Will'll the words occur, the filayer simply 
tnrn.s lii.s bow' over and makes the wood chatter 
on the strings, or serape.s them as directed. 
The effect is rarely employed, and the .student 
need not trouble about it. 
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against tlu^ (‘dg(‘ of tlu^ lingc'rboard. Do tho 
plucking with the thumb. Keep the nails 
short ; if they aie long, not only is tho tone 
had, hut thii strings are liable to he cut. 

Mind Training. Let us repeat that all 
bowings must be practised slowly at first and 
with great care. Mark Hamhoiirg says that 
“it i.s as imjiortant to train the mind as tho 
Jlngers if on(> would be a groat instrumentalist,” 
and h(‘ furlln'r n'inarks tJiat unless the W'liolo 
lu'iirt and .soul of a pianist is working with his 
lingers, he m iy as well leave tho piano alone. 

J*^^'^^‘^xation applies even more to the 
violinist, who supplies tho mechanism of his 
own instrument. As the student becomes 
familiar with the correct ways of bowing, 
sjx'cd can he incrt'ascHl. 

Rt'fori' a violinist can co-operatc usefully and 
sueeC'^sfuIly with other playere, he should have 
reached a fair stage of individual proficiency. 
First , he ought to be able to play in tuno ; 
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noxt, by reasonable mastery of the bow, ho 
should be able It) express the sluulos of teme 
marked in the nujsic ; and, last but not least, 
he must have the faculty of keej/mg time so 
that lu^ d()(^s not hurry over easy f>assages 
nor “ drag ” during ditheulties. lhu|iialified 
liddU’is are the ruin of most amabuir oreluvstras. 
J^rofessor Prout, echoing Schumaun, has said 
tliat “ Jhicir.s 4S Pn*lud(‘s and Fugues should 
hec'ouu! llie daily bread of tlie pianist.” In 
like manner, Kreut/c'i's 40 (hdightful studies 
should be th(‘ diurnal di(‘t of tin* violinist. 
M’lu y e:m lie purchased for Is. Od. from Hoosey. 
In most towns nowadays then' are amateur 
orclu'stral societies, oi- choirs at'compaiiUKl 
jn.strumcnlally. As soiiu as po.ssibk' the 
sl,U(Ieut shoidd seek clf'ction as a .second violinist 
in siu h a body. 

Advantages of Playing with Others. 

The (‘Xp(‘ricMcc gained hy tin* student wlio 
do('s this will teach him much that cannot 
he appreciat('d dining solitary pra(*tice. First, 
playing with others will train him to naid 
at sight. Secondly, it will opi'ii U|) to his 
mind a. large' juovincc (d good music hitherto 
nnexjilori'd by him. Thirdly, if tlie (‘ondiutor 
knows his work and the* orchestja is <‘ompct(‘iit 
to follow his (lire'clions, the' studeait who is 
familiar with some* wi'll-knowii composition 
will learn how’ a dilfcrcait e'ompk'xion may he 
given to it hy a dislincti\e manner of ‘‘ reading.” 
Foui’lhly, wiiat is known as sy?icot>ali‘d playing, 
or altering tlu' rliytlun by driving the accent 
to that jiart of a bar not usually accented, is 
often more easily acepiirc'd in association with 
others than whi'ii bowing alone. Fifthly, tlu' 
student, especially at ('oncerts, will have' an 
opportunity eif gaining valualile hints from 
artists engaged wlie) are' be'tte'r ])laye‘rs than 
himse'lf. Sixthly, he' will there'hy, if he ke‘(;p 
his ears and e'yes eipen, ))e' able te^ e*e)rrect short- 
e'einiings in his own [ilaying, anel sei de'vele>p Ids 
natural gifts whilst aveiiding unele.sirahle man- 
nerisms in others. 

Family Intercourse. 4hc student’s 
pure'st enjeiyme'nt, hejweve'r. A^ill prol)ahly be 
fe)Und as s()e)n as lie i.s eapahle of taking part 
in a stringi'd (piartet or <[\dntet. Wonderful 
as Ids instrument is hy itself, or wlien played 
in unison wdth either liddle's in an ewhestra, 
it is redatenl by the eleisest eif family ties tiA a 
se't e)f larger instrunu'iital brethren, all ee|ually 
remarkable' in tiu'ir way. Tlu'se' e.xte'nd the 
e'eimpa.ss downwards. During harmonieuis inter- 
course with its kinehvd, the're'foro, the' tirst 
violin is reprt'se'nlative' of the .soprano voice, 
thei sceemd vie)] in of tlie* ceintralto, the viola 
of the tenor, the viole>neelle> of the bass, and 
the double has.s of the basso profemdo in a 
qidntet, outriv.dling in lu'ight and depth of tone 
tliat of the ceintrasting human veiie'es. 

4\) e'xeel as a soleiist on the concert platform, 
a mastery of the most com}>lie'ated dillicuUies is 
demande.'d now adays. Although, unlike the piano- 
forte, the violin attained its highest mechimical 
develojiment long ago, there seems to be no end 
to the w ay in w Inch records of .skill and virtuosity 
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are beaten by one player after another. Parents 
have often wished that their children might 
have old heads on young shoulders. That 
mirach* ha.s frequently happened of late as regards 
violin playing. Rxtraordinary executive per- 
])lexities are overcome with ease by many a 
child-]irodigy. The little boy Miseha Filman — 
to say notidng of l\Iax Darewski — and the tiny 
girl Vivien (Tiartres revc'al in public a matun'd 
insight into the mi'Midiigs of advanced composi- 
tions for this instrument. Tn such cases the child 
has usually been brought up in a musical atmo- 
splu're, Ihiconsciously, gooil music has been 
nourishing the mind as bri'ad or nu'at have been 
building up the body. Jf, therefore, th(5 self- 
instructor di'sires to ('xcel on thi' violin, w’o 
cannot add Ix'tler advice than this: “Do not 
fritter away time. Fconomise it. Tliiu’e is 
mucli to be done and life is short. To make 
raf)id progress, the student should take every 
opportunity of associating with ln'tter players 
than himself. Do as often to concerts as pos- 
sihli'. If not good enough to play second 
liddh* in an orclicstral society, volunli'cr l(,* 
ht'lp the librarian tir sti waid to ])ut out the 
music.” Ily kei'piiig his (‘ars opt'u. thi' student 
will tlien hear much to help aud stimulati' his 
praclici'. 

Books. Of books calculated to ('nthiise 
the lovi'r of the violin, sonu'times obtainable 
cheaply si'condhand, ui' may mention ” Famous 
Violinists,” by Henry haheo ; tlie “ Autobio- 
grafihy ” of Louis Spohr as interesting as any 
noA’cl “ Tht* Violin,” by J)ubourg ; “The 
Bow: Its Ifislory, Manufacture, and Usi',” by 
K. Saint (h'orge ; and that delightful w’ork 
” 'rhe Violin: Its Famous Makers and Their 
Tmitators,” by Oeorge ITart. 

Methods. Tbe most notable methods are 
those of Kreul/er, Rode, and Baillot., as used 
at the Paris ( kmsi'i vatoire ; and the tutors by 
Spohr, Alard, David, and Dancla —soiled copies 
of which are freipicntly procurable from the 
secondhand book shops in Charing (Iross Road, 
London, at a nominal price. 

Fxaminations. A sure w’ay of testing 
progress aud ascertaining that the student is 
on the right road is to w’ork U]) for the graded 
c'xaminatious of the Tneorporated Society of 
Musicians. Write to Ih, Berners Street, London, 
W., for particulars. These tests are held periodi- 
<-ally in all the chief centres of Dreat Britain and 
Ireland, and the British (bionics. The exami- 
nations are in four classes, the maximum of 
marks given hi'ing 100 in each grade. In the 
easiest <*lass, the marks are allotted as follows : 
Seales, 1‘2 ; Arjieggios, S ; a Study, 2.^ ; a Piece, 
40; Questions, 10; and Ear- tests, 5. The points 
which are paitieularly considered by the ex- 
aminers are correctness of intonation, strictness 
of time, the fingering employed, the phrasing 
and aecentuation. the attitude of the player, and 
the manner of his bowing. 

In conclusion, we give the compass of all the 
difToreni members of this important musical 
family [52]. 
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FACTORS 

53. We li.ivt*. alre.-uly considered how tlie pro- 
of twt) nr more al^ehiJiieal expji‘ssioiis is 

loi ined. In sim[dii eases we can do I lie converse 
of lids ; that is, wlien we ari^ given the prodm-.t 
can tind Ihe factors whieh wis’e iiniltiplietl 
logetluT to make that product, 'rids is called 
(Ik* ir,'«fhilion ni/<t factors of (he pi’oduct. 

54. Monomial Factors. When each 
term of an expression contains a ciminion fai’lor 
wt' can divide tie*. Avhole expression hy that, 
I’aittor. 

tj.xample 1 . Kviuy term of 2.r' — Lr- \ Ji.r is 
di\ isihle hy 2.r. 

'I'lius, 

2x-‘ — ‘l.r- H (b: ‘J.r {.vr - 2.r I- d). 
Examph^ 2. 

.‘Uubd ]- - .I7u‘-.r“ (‘J.r“+ 

EXAMPLES 11 

Resolve intt) factors 

1. f (>.r. 5. 

2. 7“ -I ((h -h(a'. 6. 4-i)!/zK 

3. \la“()*c -lV.\ahcK 7. iuij"’ 1 - 4u“.r — 

4. '• 2i''ir I- 8. 1)8 ol.r-. 

9 . 1 -|- \K)ah'*c‘. 


tt‘rms he and or, since they contain r in the first 
degii'e only, and r «>ccnrs in no oilier term. 

I']\aiin)le 2. Ivesolve into factors 

o- -1- ft (/> -1- r I ft) 1 ({ {h 1 r), 

II m-e d only «)ccurs 'miho first powi'r. 'riuro- 
foit‘ wi; have 

{mi IkI t I'll) 1 (o- 1 ftti I (/(*) 

<f {<( -i b I- r‘) I ft ( ft : Jt I r) 

(a I h 1- r) [a ] d) J a.s'. 

The lirst liiu* of the ai)ove Working is not 
really neci‘ssary. Tlie student shc^nhl lind no 
ililliiailty in at. once writing the given exjiression 
in till' form </ (o i /> ; r) -i- a (o.-i- h \ r). 

E.\amph‘ 3. Resolve into factors frlrr- b‘^c 
-o-V ! 1. 

(jlivi'ii t‘\]>rcssion 

— n-'r {b‘-r -- I ) - (fre - 1 ) 

|hy taking together thi* lirsi 
and third ttanis. N<4i‘ that in 
])utting - b'~r | 1 into hracki'ts 
we changi‘ the signs (Art. 19); 
in r(‘ality we are taking out the 
factor — 1 ,] 

{b'a: - 1) (uV-l) A AS, 

EXAMPLES 12 


55. Factors P'ound by Grouping the 
Terms. ISlany expressions can he resolved 
into factors hy a snilahle grouping of the terms. 
At/ present we- shall only notiis' the cast' wlnu’e 
one of tlio letters involved always occurs in tln^ 
sftvfc poircr. tienerally, if wa‘ grouj) togethci’ 
the terms winch contain that h'ltcT, a factor of 
the expression hecomes evident. 

E.vample 1. Resolve into faetois ttb I- //- 
'I be j- (tc. 

Here, we notice that whmi a occurs in any 
term it is always of the ^/irst degree. We 
thiu'cforo group together the terms which con- 
tain (t, thus (<d) ! ar) t />- 4 br. We now' take 
out the factor o from the tir.st two ieniis, and 
the faetor b from the last tw'o, ohUiidng a {b -t r) 
t /> {b -1- c). It now hecomes obvious t hat {It -I r) 
is a faetor of the whoh; ex])ression. If, in fact, 
W'o suppose for a moment that {h 4- c) has the 
value jp, the ex[)ression would be ax 1 Ikv ; 
and this is of the same /orm as the examiiles 
considered in Art. 54, so that its factors are 
(a -h b). That is, the given expri'ssion is equal 
to {b -f- (•) {(t -J- b). 

Hc'iiee, our W'oi’king ajijiears as follows, 
alt I- 4- br 4- (tr 
— a {b + c) -f b {h 1 c) 

-- {b 1- c) (a i* b) A us. 

Notice that the above is not the onhj way of 
grouping the terms. We should have found the 
factors just as easily by grouping together the 


Rcstiho into faclors 

1. I a.v -1 bx 1 oh. 

2. ah- \ //“ f- u I 1 . 

3. ax- ■ {a tt) xij I tnfK 

4. ttc 1- br-atl hff. 


5. x~ir-2x- ! ‘2(/“-4. 

6. ax — 2b a I 2ftff~hx. 

7. .r‘ — //.r- i .r - a. 

8. ax \ brx 

9. .r' I 2.r- (jf * z-) I 4|4Vk 

10. x''if’ \-2a.f/‘ 'Aftx' (■>((-'. 

56. Factors by Comparison with 
Formulae. In Arl. 31 and thnsi* immediately 
following we nhtaiii Ml sevmal fjeantd rt'suUs in 
mult i})li<;af Ion. I f a gi ven (‘xpression is of tlie 
stnne form as any of these results we can w'lile 
<low-n its factors hy inspection. Kor exam])le, 
in Art. 32, we shov\ed that 

(r I a)- X- 4 2(tx I- (('. 


If, then, we have an expi’cssion which con- 
sists of the s(|uare of one (juantity plus the 
s(jiian' of another, together with twice the pro- 
duct of the two quantities, w<‘ know at oiict; 
that the expression is equal to the Miiiare of the 
sum of the t wo quantities. 

Example 1. 'I’he ex})rcssion x‘ H- Aax, i- 4o- 
Consists of the square of o', the square of 2u., 
an<l twice the product of a; and 2((. It follows 
that the exiaession is the square of x I 2a. 
Thus, 

X- h 4a./: I 4u* (.r I 2a)'\ 
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Kxaiii])le 2. Resolve 4(r - \2nb 4- into 
factors. 

In tliis case 4rr is the square of 2o, I)//- is the 
square of and - l2f/6 is twice the }>ro- 

<1iu l of 2n and ( - ^?>). I lenco 4o-“ - I 
is I, lie square of tJie sum of 2o and - or 
4o-^-12o6 -)- *Mr- (2r/-:;/>)“\ 

If tln^ toi’ins liave a common facti»r, tliis factor 
must lu! removed (iisl, as in Art. 51. 

Example 3. IJcsolvc J2o-7/- — .*W7> - X'lnh' 
into facinrs, 

lleic, Wiib is a fact<»r <»f every term. There- 
fore we have 

1 — do V» -- I2fd>’ - d//h {Adh -n'~ 4h“) 

•- :\dh (a- \dh \ t/d) 

— Vxih {<( — 2o)". 

EXAMPLES 13 

Resolve into fai-lors 

1. .r- I- Ir !- 4. 3. d.m- - 20r//> | 4h\ 

2. y' — dif i 4. — do’ - d. 

5. 4.i;‘^ 1 «Sr-j/ -l- 4i/-. 

6. ‘Ja-.r- i- \<rfi.r. 

7. (r 1 I/)- I r.-' -!- 2,: (.r t- >/). 

8. {a 4 hy-r {<( -|- h) i .jr-. 

57. In Art. 31 we found (hat 

(.r I- o) (.r 4' h) - .f' | (o ! h) .r ‘ <th. 

I'h’om this it is evident that- if such an ex- 
pre.'^sion as ,r- t- o.r p (5 is (he jtroducl of (In* two 
liinomial factors .r 4 o, x ^ />, tlicn o 1- h must 
voiual 5 and ah must- equal (i. 'That is, we have 
to tind two numhers whose' sum is 5 and whose 
jinaluct is (i. 4'hcse arc easily sca'ii (<» he 2 
and d. Hence, 

.(- I r».r 1- (I {X 1 2) (.r 4- d). 

Kxaniph^ 1. Tind tin' factors of x* 4- J l.r 
4 21 . 

Here Ave require two numhers wlu»sc sum is 
14 ami Avhose ])roduct. is 24. \V"e examine, 
them, pairs of numhers whose product is 24, 
viz., 24 and 1, .12 and 2, and so on, until w-^e 
lind (he ])air whose sum is 14. Therefore, 

;r- 4- .I4.r 1 24-. (.r i 12) {.r !- 2) da.s>. 

Kxamj4e 2. Find (he faclors of x* — x - dO. 

W'e r<‘quire two numht'rs w hose sum is - I and 
whose ]>ro<luct is- dO. Si>ice their product is 
->a/?jasd(l, tin; numhers must he of opposite .signs, 
lloicc, their algebraical sum will be found by 
(alving one number from the ntlier and prelixing 
the sign of tie* greater of (he two [Art. 141. 
We have tlins, in <'tl‘ccf, t«» tind two numbers 
wh<»sc product is d(J and whose i.s 1. 

Froci‘(‘ding as in Ex. 1 we tind the numbers are 
b .and b. It is now v'asily seen (hat t he numbers 
AvluAse pvoduet is -24) ami sum is -I arc band 
- b. lienee 

X- - X - do -- (.r 4' b) (.r - (i) A a.s\ 

Examjde 3. Find the faetois of - ^ah 
4 1264 

The introduction of the letter h does not- 
cause any fresh ditlicidty. We have to tind two 
quantities Avliose ])roduct is 12?/''’ and who.so sum 
i.s-7?>. Since the product is to bo positive, the 
two quantities mnst be either both positive or 
negative [Au. 21]. Since their sum is to 
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lie neijaline, they must both be negative. 
Evidently, t-hen, the quantities required are 
- and - 4?>. Hence, 

o- - 7u?> 1 1 2//“ - {n - dh) (a - 4h) Jns. 

Notk. If the product of the required quanti- 
ties is at all largi', it is easier to find them if we 
iirst put the piodiict- into ininix factors. We 
hav'e tluui t-o separati? these factors into two 
groups, and test whether the factors of tlu^se 
groups form the quantitit's wo requirvi. Eoj- 
example, sup})ose W'e want two numbers whose 
]Moduct. is 7)40 and w4iose dilll'i-enci; is 12. Pul- 
blO into its ])rime fadors, 2.2. d . d . d . b. 
Then, by ivpealiMl trials, we eventually lind 
that 2 . d . d and 2 . d . b (/.)>., TS and dO) are 
the tw’o nuniln is whose rliH'crt'nce is 12. 


EXAMPLES 14 


C.S( 

Ivc 

inlo 

fact oi' 

s 



1 . 

X- 

4- .“m* 

P 2. 

7. j/- 1 

b 1 1/ 

-P bO. 

2 . 

v' 

- ,Sj/ 4 

lb. 

8 . 0-- 

\1dh 

P 42?/-. 

3. 

x' 

— 2».r 

2S. 

9. .r- 

Xlf - 

182;/-. 

4. 

d' 

i 14r 

f - bl. 

10 . .r- 

27.17/ 

p i7b//‘’. 

5. 

K 

-// ‘ 

140. 

11. 2 a'- 

1 24a*v-90y4 

6. 

x~ 

2ba’ 

-ibo. 

12 . du- 

- iidb 

- bOl. 

58 

In the 

last. 

al ticle tlu* hi 

gliest 

power in 


(he tixpression to b(; factorised had unity for its 
(‘oetlieient. W'e have now to eonsider tlu; case 
in which ihi' coetlicit'nt is not unity. Suppose 
we form the piodmtt of the two binomials 
2 . 1 - -‘i and 2 m - 4. Multiplying both terms of 
tlui first l)y t'ach term of the second, we obtain 
(2.r -- d) (d.>' - 4) -= ().»•- - \)x - Sx -P 12 
^ b.) -- I7.r-P 12. 

Now, in tlic coiivaase operation, we, an* given 
(he expression (m’“ — i7.r P 12 and have to get 
hack to the factors 2.)’ - d and da* -4. This 
would bo very sim})hi if w* I'nxiv thot ihi> form 
~J7.t- idui hexn ohtdinrd fi'ton. — tic and — 8a*, 
and not from any othei' ])air of ttuins, such as 
-2(lrami : d.v. Our (irst aim, then, must be 
to lind tiu'se tavo numbers 11 ami 8. This is 
easily <lorie if Ave notiev; that their ]>i*uduct, 72, 
is the same as tln^ product of the other two co- 
eflicients, baud 12, in the expression bF' — 17a? 
4 12 ; fur we have only to lind two numbcis 
Avhoso prodnet is 72 and avIioso sum is 17. 

il 1 ‘nce, (o factorise the t'Xpression ba?'— 17a: 
4- 12, thf sitfii of Ihn third trnn hriwf-\ ^ we 

(i.) Multi])ly the first and last coeflicients, 
() and 12, obtaining 72. 

(ii.) Find two numhers whose product is 72 
ami Avho^e anm (since the sign of the 
thiid tisuv is -p ) is 17. These are 
easily seen to be 1) and 8. 

(iii.) Se]>aiate the term -17a? into the two 
tei ins - Da* and - 8.r, thus obtaining 
b.* ’ — Itr — 8.r P 12. 

We can now takv' a (;ommon factor da? from 
the first, two t-erms, and a common factor -4 
from the last two ; and (he rest of the [)roco8S 
i.s like that o| Art. 55. Thus 

ba*- - 1 7a* 4 12 =r ba? • - 9a? - 8a? -P 12 

= da? (2a? -d)- 4 (2.*: -3) 

= (2a:-d)(da?-4). 
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59. Again, wc have 

( 22 : - (32; }- 4) = 62 ;- - <)x + 82 ; - 12 

-ac^-;r-r 2 . 

exactly as htifore, tlie eliiiif point is to 
Jiml that — x was obtiined from — \)x -I 82 :. 
Now, since those two ttMins arc of o[>posile 
si<;n, they are comhineil })y }(uf)ti'actin;i the 
.i))solu(»‘ values of their eoeflieienl.s. 

Hence, to faciorisethe expriission (io;- — a;— 12 , 
tho .sa/// of fk>‘ third trrui lH‘itnf — ^ we 

(i.) Multiply the first and last coefficients, 
r» and 12 , obtaining 72. 

(ii.) Find lavo numbers whose pioduct is 72 
and whose diffrrrncf (since the sign of 
the thir<l lenii is - ) is 1 , llie coeflicii nt 
of X. The two numbers are 3 and 8 . 

(iii.) Since the middle term of flie gisim 
expression is va/y/j/.s, we put/ the sign 
— l)efore lln^ greater of the two 
Tiund)(a‘s, thus .sep.u.it ing the mid<lle 
term into tlu^ two t('ims - and f 82 ;. 
The rest of t he pr«)Oess is the. same as 
before, 

62 ;- -X - 12 — itx‘ 3.r -I 8 .r - 1 2 

- 32- (2.r -3) 1 \ (2.r-3) 

= (2.r- 3) (3,r-l- 4). 

Kxample 1 . Find the factors of IO 2 ;- + 37rd 7. 

Here, w(! retpiire two numbers whose product, 
is 10x7, 01 * 70 , and whose sunt, (since the sign 
of the, third term is-t- ) is 37. Tlio.se are ea.sily 
seen to be, 2 and 3.5, Therefore 

10.c' -I- 372 : h 7 -- -1 2x + 3 . 02 : j- 7 

— 2 .r ( 02 ; -H 1) h 7 ( 02 : 't 1 ). 

== (52: I- 1) (2.r 1- 7). 

Fxample 2. Find th<‘ factors of 4 .t:' 4 - 3.ry 
- 27r. 

\Vc! ref(uir(‘, two numlMUs who.se product is 
4 X 27 , and whose diffi-ronve (since the sign of 
the third term is-) is 3. Tlu;.se are foinul I o 
be 12 and 0. [See Mole, Art. 57.] The mi(hlle 
term is jtlxLS 3xtj^ so we take -}- 1227/ .and - Oyy. 
Thus, 

4 - 3xfj - 27//^ 42 ;^ 4 . 122 :// - O 2 :// - 27?/-. 

= 4x (x h 3y)-lh/ (;r I- 3j/) 

- (. 2 :+ 3//) (4x--0i/). 

EXAMPLES 15 

Put into factors 

1 . 2x^ - bx t 2. 5. 1322:2 ~ 1 32 ; - 2. 

2. 62 ; 2 -p 10.r 1 - 15. 6 . \)x- -y 1422* 32. 

8 . 2 l 2 :‘“- 5 .nr- 4//^ 7. IT.r^ - 88 .r// 1 15. 

4. 2()a:2 -t 87.^// ~ 147/-. g 12.r *-28.r- 1' H.r. 

9. liO;r b/ \- bi^x-t/- ~ 2{xi/K 

to. 82 : 2 - 342 : 48 . ‘ 

60. In Article 33 it was proved that 

X- - a- ( 2 ; 4- a) {x - u). 

Thus, if an expression can he written as the 
ditfeiencc of the a(piares of tw'o ([uantities, its 
factors con.sist <^f the sum of the two quantities 
?md the difference of fhe two quantiti<‘s. 

Example 1. Find the factors of 1 62 ;'- - 25?y2. 

Tlie expression i.s the difference of the .squares 
of 4a; and by. Hence . 

16 a ;2 — 25 ^ 2 -- ( 4 ^; by) (Ax — by). 

Example 2 . Put into factors Sr’/y — 2xy. 

Hx^y - 2xy — 2xy {Ax^ - 1 ) 

= 2xy{(2x)^^{i)^} 

^ 2xy(2x‘\‘ ])( 22 ;- 1 ). 


Exaiiqde 3. Put into factors (82; I y - i)2 
-(2' -7y 

Given t‘X])re.ssiou 

- {(3.r I- If - ,v) 1 (.r - n \ ;,)} |(:;.r y - z) 
-(x-y I v): 

= (3j:-! ?/-;: I x 7 ' \) {'>x i t/-z-x I ?y - ::) 

= 4.r(2.r I 2.7-2.) 

= 8 .r (.C l- ?/-,:). 

Tn soim* cases a sliglit modilic;il i»m is m'cess.ary 
before tlu^ l.wo .S4piai7*s l)ei*ome evi<h‘nf. 

Example 4. Find tluj factors «)f 2**- 21.7-7- 

1 4?/ k 

Here, i.s the squar(‘. of 2 :- ajid 4//^ is flie 
.square of 2//-. Also, if w(‘ s<juare the expression 
(.c- !- 2//“) w^^ nl)t;iin .7** I 4.7’‘-7- -I- 4/y‘‘. Nov\, (o 
make this identical with (he given exjuession 
we must .subtract 2bx~y-. Hence, 

a;*^ - 21.7*7/" 4- 4?/’ — (.7-' ' 2.7-)“ 25.»*-7“ 

- J(.r" i 2tr) i (.■).7’.7)| 1(2*- 
\- 2?/') -(52-7): 

= (a;‘- 1 ox>f i 27 -) (.r" - o.tvy 
-1 -¥). 

Example 5. Ih'.soKa* int<7 factors 4.?:' - 282*' 
4-1). 

If, in this case, we take, (2.r- \- .3)- we obl.iiii 
42;' 4 122*2 f- 1), and have; t o siil»tnic( 12.7*-' I ‘J.S2*-, 
i.e.. 40.7*2, to make it e<pial to tlu' given ex- 
[U'e.s.sion. Hut 40.1*2 is not a perbs-t sipiare, so 
tiuit this transformation does not hel}) us. If, 
however, wo, liy (22;’ — 3)2, we still obtain 4.74 
and -}• th but tlie sign of the 122:2 PiM-oiiies tnlmts, 
and we have then to subtraei ItU*^, wliicli is a. 
perfect .square. Jlenci*, 

42*‘ - 28.r2 ! 1 ) (* 2 .r 2 - ;>,)' - Oo- 

(2.r2 1 4.r - 3) (2.7:2 4 . 7 *- ;;). 

EXAMPLES 16 

Resolve into factors 

1. 2 :-'- 121. 4. ff252-49. 

2. (i^ — Milr. 5. 3t> -- .r'5/2. 

3. 1-25//2. 6 3224 -.'1872. 

7. (2.7; I 5//)- -(.7; -37)'. 

8. (a 4- 2/y)--(??- 2/?)-. 

9. 0(a 4 /2)2 -(o-/0 '. 

10. o’ — tki-' j 25. 11. :7*‘ -40 (*''7- I- 4?/^. 

12. .7’ 07 - -I I. 

61. By multiplic.'itinn we liml lli.it 

(2 -1- <i) (x’ — <ix ; <f~) 2*' !- u'* 

and that 

(ac-u) ( 2 * 24 - ax 4 ti-) - .r‘ - u^. 

The.se formii]7e, enable us to fact<u*ise (*x 
pressious which rUe either the sinu or the 
difference of two cuIh‘s. 

Exaiiqde 1. Besolve ink) f.actors 80 * 1 27/5, 
This is the siiiu of the cube's of 2u ;in<l 3ft. 
The expie.ssion is tVierefore <livisible by the .sio/i. 
of 2<t and 3ft. 33ie terms of the other factor 
are the s(juaro of 2a, the s<piare. of 35, and the 
product of 2a and 3ft, tiic pioduct term being 
negative. Tims 

871* I- 27ft*- (2a 4- 3ft) ( 4 o 2 -0(7ft 4- Oft-). 
Example 2. Re.solvo into bictors 27.r‘ 

This is the difference of the cubes of 3.r and 

2 * 

and is therefore divisible by tlie diffrr^nir*' 
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of ;ic and ^ . Tho othor factor is formed in the 

X 

same way as before, but llie ])roduct term is 
positive, llejua!, 

~ xi"" r) 

EXAMPLES 17 

Jb‘!>olve info fac'fors 


1, (r^ I I2b//\ 

4. 2.r’ r 


2. 27u’‘ - 04b \ 

5. (u i 2/*)' ■ 

n/’. 

3. y'' - 8//’. 

6. 


7. (0 - 2 / 1 )= -- ('> ^ 

2o)‘. 


8 

.24.; .r* 

9. 1 L 

1000 

2b. 

62. By ilivisioti, .\il 

, 42, we jiroved lh.it 

o ’ i />' ! r' — ‘.\ahr - 

\ 

t \ f> \ c) 

[fi“ 1 h ' \ r- - hr - 

< ((, - tih). 

2'heiefori', when an expres.sion (‘oiisists of lh<‘ 
sum of the (Mil)es of 1 hrci’ (|u;inlilies diminish' d 
hy threo timi*s their pnaluet, it can be ro'^'olvcd 
into factors )>y means of this formula. 

K\amj)h‘. I\ ('solve 

factors, 

lievi' 8./^ is Ihe cuIk. 
//, 1 is (he culie of 1 
duct of 2.r, -//, ;ind 1 

8 .r' -- //’’ i Ox If 4 1 into 

' of 2.r, I/' is I h(* eid'e of 

.\lso, ,2 1 imes ( he pro- 
is - O.r.y. 'Pherefore, 

8.r'' - ?/■' 1- 03- V i 1 

' -1- !/- )- 

I- --'T)/). 


Answers to Algebra 

Kxamit.f.s 9 

1. Tjet.r -- ;LJ?n‘afer number. Then, since (heir 

dilleienee is 7, fliele-s number is x-'7. 'Pben'- 
fon‘ r 1- .r-7 <*»;;, so that x itb. Hence tlie 

rtsjuiri'd nmiduMS are .‘>r» and 

2. ficf. .r tlie imml)er. Wlien nnd(ij>lied by 
.‘b flit? ]»rodnet c.xceeds 18 l)y ,‘5.r-18. Als(), the 
oriLilnal innuber is less than IH by IK -- .r. 
3 fence ^Vr - 18 -- 18 - x, which ,L(ive.s x !b 

3. Let X - tho greater j)ar(. 'riien IM) — x 
tlui less. T\\ ice the .i'reatei is l?.r, and tliree 

times tlie loss is 3 (Iiy-.r). Hence 2.r 1,2 

— 8 (29 — .r), so that .r 22. The t w(; parts are 
tlieri'foi’o 22 and hi, 

4> Let X ■ the third ]iart. Then, the second 
j)art is 2 move than tlirice .r, .2.r | 2 tho 

second jiart. The first })ait - twice tin; second 

— tir I t>. Tlu‘ sum of the three jiarts is ti9. so 
that .r } 2.r ! i fi.r li - t)9 ; wluuicc x <i. 
^riuis, the -4 bird (lavt is (1; the second ])art is 
2r ; 2, or 21 ; and the iirst ]»avt is twice 21. 
or 12. 

5. IjcI 2.r - the number. Then, <uu^ more 

Ilian its double is 4.r {- 1, and one loss t lian ils 
half i.-^ .r 1. Its srpiare is 4.r“. Hcmce (l.r f .1) 
(.r-1) 4.r-~l(). Therefore 4.r--2j’-l - 4.r'“ 

— 10. »)!• 2.r - 9, atid x 2. The required 
number is twice ;r, hr., (>. 

6. Let X years - tlu* son’s present age. Then 
2at years — the father’s age. In 12 years the 
fatlier will bo 2.r ( 12, and tho son will be 
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X 4- 12. Hoiico 2a: + 12 = 2 (crd- 12), which 
gives X — 12. 'IMierefore tho son’s age is 12 
years, and the father’s is 20. 

7. Let x- years ; age f>f eldest. Then x — Tt 

— ago of .second, and :r-r)-2, or 3'- 8- age f>f 
youngest , Therefore x -i- x - 5 i 3: - 8 — 47, 
whence .r — 20. Heipiired ages are 20 years, lb 
years, 12 years. 

8 . Let X p»)unds - amount A has. Then, 
since A and L have £'29 between them, .29 — or 

— numlau- of (lonnds H has. Similarly, since A 
ami have £21 between them, 21 * x nmnher 
t'f pounds 0 has. Hut l> and (’ together havi' 
£21*. Tbendore 29 - x 1 21 x - 20, whenct; 
.r -^22. Tliu.s, A has £22, B has £17, and t_l 
1ms £9. 

9. IjcI X— number t)f ciiovns. Then 81 — .r 

— number of shillings. The total value in six 
]HMice.s -- I0.r 1 2 (81 - .r). Again, the value in 
sixpj'uces of X tlniiiis and (8L-.r) lialf-i’rowns 

-4.r ! b (81 - x). Thevefoie lO.r i- 2 (81 -x) 

•l.r I r> (81 .r), whence ;r -- 27. Tims, thoi'i' 

ari‘ 27 crowns and b4 shillings. 

10. Ltd. X — cost of an tuvinge, in pence. 

Twt'lvt* or.inges cost. 12. r pence, /.c., ( 12.r — 10) 
ptiice ovtr lOd. Similaily, 20 mangts cost 
(.20-203’) jH'ncc under half a cr<iwn. Tlicrefore 
J2.r- 10 ;)0 - 20.r. Hence r --- L{. Since an 

orangti c<*sts the nmiihcr wliich can ht‘ 

bought for bs, is bs. n- l]d., i r., 48, 

11. Sinci^ 4 sides of the one carfiet measure 

it* feet mort> than 4 sides of the other, the side 
of tho first is 4 feet longer than the side of (he 
second. 2’heri‘fove if x ftad sitle of smalh'r 
ear[)el, then .r 4- 4 - sith* of the other. Their 
art'as will ))t‘ x‘‘ stpiare feet and (x I 4)’ sipiare 
fetd. Hence (x 1 4)“ - - (*4 ; which gives 

X— t). The sides nf the twt) carpets are 0 feet 
and 10 feet . 

12. f ad. .r — number of sovereigns. Then 2.r 
' iiumher of half-crowns, ami 2t> - .r - ,2.r, or 
20 - 4.r - nmnher of shillings. The total value 
is £0. Hence, i*xpre.s.sing eveiylhing in six- 
pences, we have 403’ ! Ib^* 1 2 (20-4;r)— 240, 
uhenct'.r -1. 2’hns, there are 4 sovereigns, 12 
Imlf Clowns, and 10 shillings. 


13. Let X - number of shillings A ha.s. If 
he givt's 11 ten shillings, A has (a - 10) shillings 
left. 2’liis is three tinu.‘s as much as B now has. 


B now has 


Thmefore H 


oiiginally had 10s. less than this, i.c,., 


10. If, then, B gave A live shillings, 


A would liave (.r b) shillings and B would 

^ ^ 1 I ) ^ ^ 

havi' ' 10 - b. Tliercfore, since this 


mahes A Imve 4 tiuu's as imicli as B, 3 : 4 - 5 — 4 
Multiply by 2, and remove 

brackets, . 23 : 4- 15 43 : 40 — 180, so that 

.r --- 225. Tims A lias 225s , 01 £11 15s., and 
onr, _ 1 n 

B has - - 10 05s. r £*;t 5s. 

o 

14. Let x~ tho middle nundjer. Tho nu .nber 
before a? is a: — 1, and tho number following x is 
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1. The product of these three is to be 5 
jrss tlian tlie ciibi^ of *r. Ifeiice x (:«-!) {x + 1) 
_ ,j. i _ or X'^ — X /' — o. Therefore x 5, 
jiiid the re(piirecl numbers ;ire 4, 5, b. 

15. The number is un'iritsnl by revmsiiijf the 
tliercdore the units’ dieit is llie ^]-e;iter. 
Hence, let X — the tens’ dii^it. Tlien ox — the 
units’ di^it, find tlie number is lOr i .‘hr, or 
Jf tlie di.u:its be ri‘versed tlie numhei- is t- :r, 
ordJ.t*. Therefore dir — *2b.r -- 10. Tlius.r— 
and the required number is ldx‘J, or ‘Jb. 
Examples 10 

1. Let x= the }^re;iler number, .ind fj - the 
less. Tlum r 4- 7/ f 2 — 5 {x - y) ;ind dr 4?/ - 7. 
Tlie solution of these equations <rives r - 17 
and y — 1 1- 

2. Let< X years -- the fathei’s a^e ; y the 
son's. Ill another year the father will be 
(r -I- 1) years and tlie son (// ! I) yivirs. Tliere^ 
fore r -f- 1 — 4 (y P ] ). Two years as^o the 
father was x — 2 \ in another d yeais (he son 
will be y 4* d. Therefore x - 2 - ■ d (// i- d). 
ITom these two eijualions wii j;et r, the fa(h.i‘r’s 
am', ^ do years, and y, the son’s, = 8 years. 

3. Let the digit in the tens’ place, and 
y — the digit in the units’ jilace. Thtui the 
numher is lOr f y. This exceeds d tiim*.s the 
sum of the digits by 7. lienee JOr 1 y~7 
h(r-l y). Again, lOy - r is the number formed 
by reversing the digits, find tliis isOli'ssthan 
the origiiuil nuiidver. llonce (lOr-H y) - (1.0y 
H r) — 0. From those \se get r = - .‘1, y— 2, so 
that the required number is .’12. 

4. Let £r — amount A luis. Then 2r 
-- amount C has. Let £'y - fimount l> lias. 
Then dy - fimount B luis. Total is tlOO, so 
that r4- 2r-}- y-l- dy — It 10, lc., .‘Jr-l- 4y 100. 
Again, () and D togellu'i* h.ave 2r -|- y. This is 
£2.1 more tluiii Jh Ib nce 2.r ! y - .‘>y i 2.\, or 
‘Ir - 4y - - d. Solving tlie e<jUfitions, wt^ get, 
X Id, y = Id]. T’hus A luis .4*1 d, B luis 
d X 4'l..‘rj, or 4‘4J ds., (’ has 4d0, find 1) luis 
4Td Ids. 

5. Let x yea I S - i ldei' son’s ;igt‘, y yt'firs 
»= youngei’s figo. In 2 yefiis the elder will be 


X h 2. Therefore the ffitlier will then be 
d (r + 2). Similfirly, the younger will be y 1- 2, 
find the father will thmefore bo d (y -l- 2). 
Hence d {x 2) d (y i 2), or .dr-dy - 4. 
Agfiiii, since in 2ye;iis’ time the f;ith(*r will be 

(.r -l 2), his pri'sent fige is d (r l 2) -2, or .‘tr 
-1 4. Thej’eforu, since in 2d years his ago e(puils 
the sum of his sons’ figes, we luivo d.r L 4 | 2d 
---./• -I 2.‘l t- y H- 2.‘l, or 2.r - // - 1!). Soh ing (he 
two equations, we get .r— l.d, y- 7. ’rims, (he 
father’s present fige is dr-f 4, 4d years, the 
elder son is Id, and the younger 7. 

6. Let X — iiumbiu- of miles A Wfilks per 
hour, and y — numhm* 15 wfilks pi*i- liriur. In H 
hours A Wfilks 8.r miles, and in .d hours B waalks 
dy miles, ’riiei'efon; 8x — ^jy 8. Again, in 
0 hours I> Wfilks Of/ miles, find in 10 hours A 
Wfilks lOr miles. ’riierefore 9i/ “ lOr r- 
whence .r— .‘U, y 4, find the required ifitivs 
are A, .‘U miles per hour ; B, *1 miles per hour. 

7. [jet - numher of shillings in t In; fimount 
A hfis, and »/ ~ number of shillings in the 
fimount B has. 'riu'n'foic; .r 4- y^^Jl. Now 
B has J2y ]>ence. If, then, A givi*s B 12y 
shillings, B will then luivi; y 4 l‘2y, or J.’)// 
shillings; A willluive ;r— 12// slrllings. Ifeiice 
l.d/y- (.r — 12//) -- d, or 2dy — .r : d. Tliese (m illa- 
tions give, by fiddition, //-' I. ’riieiad’oie B has 
Is., find, oonsecjui'iitly, A h;is 20s. 

8. Jjct X ~ immhiT of mill's A goi's jier liour, 

and y number 15 goes. To go bO mlh'S A will 

take liours, .iml 15 will tfiki^ Hence 
;r // 

11*.^ — 5. Agfiin, if A’s rale luid been 2.r 

X y 

miles jier hour, he would tfiki; be., hours 


to go bo miles, 
these t‘(j nations, 


1 b'uee 




:io 


y ;r 

. .do 

wx‘ get 

X 


10 . 


Adding 

Therefore 


fr - .‘5 mih's pi'r hour. By substitution --- Id, 

y 

or // — 4 miles pi‘r hour. 


Continued 
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MEN’S COATS 

DRESS 

19 

Taking Measurements. Drafting Lounge, Morning, and Dress 

T.AII.OUIMU 

continiuHl fiotn p. 2606 

Coats. The Frock Coat. Scale of Measurements and Variations 


By W. D. F. VINCENT 


Coat and Vest. Tho f< wrst nu'.isinvft 
that arc usually takt‘u arc*: Nap(‘ to natural 
waist, 1 to It na])c to lashion waist, J to 4 
nap(‘ to ftill Icnjith, I to 5 ; width of hack, <> to 7 
centre of hack to clhmv, (> to S ; c('ntr(* of had 
to wrist, t) to It [15|; dicsl circniidci(*nc(\ 1.4 
waist ciicuinfcrciicc, 14 : hip circuinfcrcnctv 
ir> [17|. These incasuics me suHicient for pn) 
])ort innate eustoiiH'rs, hut lor others w<‘ advisr 
tho taking of four additional jueasuri's. Fasten 
<‘oat in front, and 
then tie a- ]ii(*ce (d 
tape or string round 
th(^ tifiuic ( lose up 
to th(‘ arms. Ad- 
just this so that it 
is ill tho true hori- 
zontal all round. 

4 ’hen take tlie 
following mi'asun's : 

Nape to tape on 
back seam, known 
as “ D(*pth of St ye,” 

1 to 2 [15]; nape 
to tape at 
front of arm. 

1 115] to 12 

From taiie 
oubai'kseam V. 

2 [15} over 
the shoulder 15. 
to tho ta])e 

on the front of aini 12 [17], known as 
tho “ Over Shoulder.” Trom the front 
of one arm to the front of tlu^ otluT arm, 
known as the “ Across Chest ” 1161. 

These measures would stand as follows 
fora Lounge .buket : Depth of sey(‘ 11) ; 
natural waist, 17 ; full length, 40 ; haek 

to elbow, 20, to eulT, 42 ; 16. 



front .shoulder, 12.1 ; ov(U‘ shoulder, 17 : across 
chest, 8 ; elu‘sl, 4?) ; waist, 42 ; hips, 47|. 

As many may have to w'ork from others’ 
measures, wc* give in the aceoinpanying tahl.- 
a. s<‘al(‘ of measunmumls from 24 to .50 breast, 
arranged not so much with :i view to proportion 
as the result of practical experience. 

Three=seam Lounge JacKet [18]. Draw 
line 0 -40 ; 0 to 4, one-third di'pth of seye ; 
0 to 0, depth of seyi* ; 0 to 17, natural waist 
haiglh ; 0 to 40, full hmgth plus ^ in. Draw 
lini's at right angles. 0 to 2L one-twelfth 
hre.ist less .1 in. ; 2.\ to ;l in. ; 17 to J, \ in. 
Draw hack seam from 0 througli Mo 40. Two 
iuehes h(4ow 4, measure across from the back 
si‘am the width of haek jilus J in., eurvi* out to ; 
Draw slioulder seam fiom ^ h’ «<* slightly lujllow 
ing it at ^ ; j to 20|. the half chest plus 2 in 
to 2}, in. ; 20] to 12], th(‘ across elu'st ; 12] to 
IS], 0 in. (always). From 1H[ dro]) down 
2 ill. S<{U.‘U’e a iin(‘ from 12 1 through (• at 
right angles to.l2.[- and 2. 
Measure up from 12] the 
front shouldiM* measure less 
th(‘ width of haek needv. 
Mi'asuri* 11 ]) from 12] to B the 
overshoulder measme, less {, 
to A of the haek. Make C to 
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24 

24 


113 

20 



5] 

19> 

•>1 

9] 

122 

20 

ini 

6] 

13 

o» 




22] 


lo 

135 

28 

26 

VI 

14 

24 



•'d 

25 


101 

14] 

30 

27 

VJ 

15 

26 



6J 

274 1 


11* 

14j 

82 

28 


in 

28 

IS 

31] 

6] 

1 30 

71 

11] 

15] 

34 

30 


16J 

28] 

18] 

32 

Id 

31 

7g 

12 

16] 

36 

32 

9 

17 

29 

19 

32} 

7] 

32 

8 

12] 

17 

38 

34 

n 

17] 

201 

m 

33 

Vi 

33 

8] 

13 

17] 

40 

37 

03 

173 

30 

193 

33] 

8 

33] 

9 

13] 

18] 

42 

m 

10* 

IS 

30] 

20 

34 

HJ 

33] 

9] 

14 

101 

44 

42 

104 1 

IS] 

31 

20| 

34 

«i i 

34 

10 

144 

20 

46 

46 

103 

18J 

31} 

20] 

34] 

9 

34 

10 ] 

u>y 

21 

48 

50 


184 

32 

20 ] 

34] 

Of 

.34 1 

11 

16 

22 

50 

54 

All 

. 4 , 

32 

20 ] 

35 


34 j 

11} 

161 

23 


FRO NT M EASU II EM ENT.S 

B ] in. less than 'j 
to of back. Sliape 
seye froniB to 12.J 
and round the 
haek seye up to jj. 
Keep it ;is hollow' 
as ]>ossil)lii at 12] 
and rather close 
up at hack seye. 



17. WAIST AND Hfl* 
MEASUREMENTS 


The Side Seams. to is one sixth breast. 
Square down from O.J and eontinuo line up to 
7.i into seye ; 6.^ to 7] about J in. Lf 
part overlap back J in. more than 
difYerenee between chest and hips ; 7J to 1 • ‘ 
to 4 in. ; 7] to lOJ, 2A in. to 3 in. ; lOJ to ^ ^ 

Make waist to measure plus 2 in. a 
20 J ; C to D, one -twelfth breast, 

D to E the same amount, or to ta/ ^ 
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breast Hue from D through E and 20^ to O. 
Lengthen front at H J in. Add on IJ in. 
l)iilUjn stand for singlo-breasted, and 2^ in. to 
in. for double-breasted coat, and complete 
the front to taste. 

I’liE SiiEEVE [18 a]. Mark the pitches of the 
.sleeve as follows : 

Back 2 in. below J. Front J in. above I2j:. 

Draw lines at right angles to 0 ; 0 to 1, I in. ; 

I to 5^, the distance from 2 to 7.1 plus J in.; 

I to 9 a, the size of tlie seyc from 2 to and 

B to front pitch taken straight; 0 to 4i, half 

0 to 9. Draw line from 4A to and add on 
( in. to 1 in. of round. vShape sleeve liead from 
r>l and 4J to 9a. Measure oif the length of 
.slreve as taken less width of baek, alloAving 
ior three seams (;{ in.), to 9e for the elbow 
and to B for the cuff. Hollow forearm at elbow 

1 in. and shorten forearm seam at culT 1.^ in. 
Make width of elbow from 1 to 9 e about, one- 
si xtli breast, plus 2 in., and width of < ujT one- 
sixth breast, plus .V in., or to taste. 

For the underside sleeve, measure round the 
bottom of the- seyi', from back to front piterb, 
and apply the measure from 5.^ to 7. Sipiarc! 
from r)| to 2.1 one-third of this quantity, and 
]u)llow \ in. to A in. ; curve up from 7, and 
continiu' from 7 to 9e. (\)mplete sleeve as 
shown. 

Vahjations. For wliole baek mark in 
from 0. I in., and .‘50, [ in., and draw back 
seam as per dot and dash lim*. For slit up 
bottom of baek seam, leave on about 1 in. at 





1 about 0 in. up. To omit the iish under 
the arm, take out .1 in. at the to}) of side seam 
as per dot and dash line, and allow a little 
more <-ase when measuiing \ip the waist. 

The Fockets. Hi}) |)()ekets 4 in. below 
A\aist ; I is mirhvay betwee n side seam and 
bivast lint' ; 1 to J is I in. Divid(' pocket ilap 
on either side J ; size of pocket sajiie as widtli of 
sleeve at cuff. Jk'pth about one-tliird of widtli. 
Ticket flap on waist front level with front of hip 
lia|). Size of iiocket usually about .*5,^ by 1}. 

Breast Pocket. Follow lino I2i to 2, size 
about 5 hy 1. Keep back end fully I in. in 
front of scye at 12|. 

Morning Coat. Shoulders same as Lounge 
[19] ; 0 to 18 5 , fashion waist length ; 0 to 38, 
full length, plus .J ill. : 17 to 1, I in. ; Draw back 
seam, 0 to 1 ; I "to 3, one-eighteenth breast. 

Width of back scye J to 2, the same as 1 
to 3. Draw line from 2 to 17 and hollow J in. 
to J in. 

Draw side seam from J to 3 ; 3 to 4J, IJ in. 

Take out J in. at 2. Make 2 a pivot, and 
swetq) from 3 to 0 ; J to 0 J one-fourth breast ; 
9 to 10, 1 in. Make up waist to measure, plus 

2 in. Hollow waist seam 1 im at K, and drop 
it 1 in. at H. Add 1^ in. button stand beyond 
breast line, and complete run of fronts to taste. 
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/. ■ / Tiik Skirt. 

' / ’ / S(juar<‘ (Idwii 

■ / ,/ lioin 0 to !K JHn.; 

f? 9 y !Mo I, I in. more' 

: / tliari lialf the flif- 

I 0 / f<‘r<‘n<-(‘ l)(‘t\v(‘(‘ri 

; / lu'st aiK s(‘at. 

/ Drau- liiK from 

; , / <i tlirongh i and 

/ add on J in. of 

,' / romul 

: / Take ont .I in. 

5 - ,/ bt'twmi II and 

^ ' ^ I al front <»f 

21. DRKss (OAT skirt, and ] in. 

at K. Sluijio the 

front of ^kir^, I, N, M, and li to taste. 

'I'liK CoM.AK. Dotted line indieat(*s the iK'ek 
of forepaii. I» is j in. atK)v<‘ top Imttonlnde. 
i) to I is j in. less tlian collar stand. 

Draw line from B throngh I to K. K to (•', 
the di'fith (»f fall, (f to F, tlie depth of stand. 
F to II, th<‘ d<*pth of f ill. (J is the width of hack 
neck from fore part. Follow the neck from 
iJ to (\ letting it overlap j in at (’. t' to I) to 
tnsti^ B I F is the crease row. 

FrocK Coat. Similar to Morning (Via* 
in hody and slionlder parts up to the l)reas< 
line D to I, in the front of w hich add on .J in. at F ; 
j in. at F to nothing at I 1 20]. 

'Hie lapel is drawn straight from O to (i. tl to 
* 2 , 2 in. 2 to IJ, I/, in. 2 to llj, ilj in. Com- 
plete as show n. 

Tiir Skirt. I to .I 2 to If in, .) to L is .i 
straiglit line from which square down to !l P in. 
!) to I, I in., or j in. more than half difTerem c 
b(‘tw(‘en chest and seat. 

Add on I in. of round. O to P, 'I in ; draAv 
waist seam from L through P to K. K i.s J in. 
k'ss than the- width of lapel in front of J. 

Di'op down from L 2 in. to o in. to agree 
with H to J, and square K N at right angles. 
K to K the same lengtli as L to M of hack, 
'riiis diagram shows tlie nu'dium turn wdth the 
fronts buttoning three ; a higher turn with tln^ 
fronts buttoning four (this style should have, 
ihp lapel hollowed at (he top } in.), and a low 
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roll with the. fronts buttoning two (this should 
have the lapid rounded J in. in order to get 
a shorter outside edgi*). 

Dress Coat. The shoulders and body part ^ 
are cut in the saim^ w ay as the morning coat, with 
tlie following e.\ei‘ptions [ 21 ]. Point E on the 
fiont of neck is lower I to l|. so that D to K 
equals (>ne-(‘ighth breast. The w'aist botwoeii 
I and 2 (U i'* made up to lialf the waist measure 
only, making allowance for what is taken out 
between to 4i. S.J and hj, and IH and 13.J. 

The L vpei.. Draw' a straight line and hollow 
I in. to .1 in. From F come up 2 in. and go forward 
IJ and 2 .J. 'riie length of the lapel should b(‘ 
.sulliiient to cover tlu^ bottom of the strap of 
skirl. Width of the lapel at bottom IJ. Draw 
a line from 2.J lo J J and add on j in. 

'PuK Skirt, TJu^ hack and top parts of skirt 
are the same as for the moining coat, the pro- 
portions of the otlier parts being as follow's ; 

K to L, 1 .J in. L to ^ 1 , one-third of the width 
i>f skirt at to]), i} to X. onedhird of the to]). 
Draw' line from M to X, add on a little round. 

Sometimes the haik is cut \ in. narrower 
all through with tin* \ i<‘w of making it lighter 
and smarter loeking, hut this is a matter of 
taste, and wi* liave ki‘])l to the same st 3 de as the 
morning coal fur the sak<* of sim))lieitv. 

Conti liar d 
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PROFIT & LOSS & BALANCE SHEET CLERKSHIP 

Subsidiary and Drawing's Accounts. Expenses of Production and Distribution. 19 

Ranking Assets and Liabilities. Fixed and Floating Assets. Depreciation ( r 


By J. F. 

"FHK totals of the trial balance having Xxion 
^ found to agree, the work of closing the books 
may now proceed. The object of our trader 
m preparing his final accounts is, as we have 
M('n, to ascertain the nature and extent of his 
gains and losses, assets and liabilities. It should 
l>o observed that it is almost as important for 
a trader to know the nature of his gains and losses 
as to know their extent, for a knowledge of the 
manner in which they arise will enable him to 
]>ush business in a direction where he finds he 
is already making good profits, or, on the other 
liand, to curtail expenses under heads which are 
not repaying the outlay upon them. 

Division of Profit and Loss Account. 
It is largely for this reason that the profit and 
loss account has to-day so many divisions. 
It is not sufTieieiii to know that although 
the gross profit of a business is £1,000, tlio 
m^t profit, after deducting an item deseriln'd 
MS “ Sundry ^IVade Expenses,” is £,‘100 only, 
'rhe modern business man wants further in- 
formation. Jfow is tlio dinVrenee of £700 
made up V “ Sundry Trade Ex|MU)ses ” may 
mean anything. The item may, and jirohahly 
does, contain salaries, rent, rates and taxes, 
dis(*()unts allowed, gas, ofliee eloaiiiiig, and the 
tliousand-aiid-oiie i)eity items that go to swell 
the ev ponses of carrying on an ofliee or ware- 
house. But let us know what they are, so that 
wo can, if desirable, cut down exfH'nditiire in 
one dirc'otion and add to it in another, with a 
view to increasing the efTeetiveness of the outlay. 

Heads of Expenditure. The lu'ads 
over which the expenses are spread dcjiend veiy 
largely upon the nature of the business, fmt some 
items are common to nearly all trading concerns. 
Salaries, rent, ri\tes, taxes, lighting and heating, 
liav'e to be paid in nearly (‘very establishment. 
Other items, such as insurance, advertising, 
jirinting, discounts and commissions, are not .so 
‘ onimon, hut are yet very frequently ineurr(*d. 
A close scrutiny of these items shc^uld enable 
a trader to form a conclusion whether his ex- 
pendituie under a particular head is justified 
or not, having regard to the size of his business 
and the amount of his turnover. He may find 
that the amount he is paying for his rent, or 
for the salaries of his employees, is altogether 
out of proportion to his other expenses, and is 
practically swallowing all his profits. He must 
cither reduce this expenditure if his sales are 
stationary, or increase the latter if he is to 
continue his expenditure at the same rate. On 
the other hand, he may find that a judicious 
outlay of £100 in advertising haa caused an 
increase of £500 in his sales. This would 
probably lead him to conclude that further 
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cxp:r_cl.iu e in this direction would result in 
extending his business, and he would act accord- 
ingly. 

In tlu^ ease of traders, as a rule the only item 
on the revenue side of the profit and loss account 
is the gross profit brought down from the (lading 
account, arising from the sale of the goods. 
No analysis, therefore, is required for this side. 
In businesses where the revenue is of a mls- 
cellancous nature, a])propriate accounts are 
opened as in the case of expenses. 

Method of Analysing. Enough has 
been said to show the necessity of analjming 
the exjMmses of the business in sucli a way that 
the propri(qor can put his finger on a weak sfKit 
in his outgoings, or, on the other hand, satisfy 
himself that the expenditure is on an economical 
basis and allocated in such a manix^r as to 
produce th(‘ best results. Hut it is not necessary 
to wait until the profit and loss account has Iweii 
eom])leted ho(oiv making the analysis. It ran 
Ih‘ made ns the work of writing up tlic books pro- 
ee(*ds throughout tin? year. In the case of the 
gomls ae(‘Oiint it was seen to be desirable to 
have not one, but several, accounts to record 
our purehas(is and sales, and other matters 
din'ctly connected with tlm buying or finishing 
of the goods. So, in the ease of th(^ profit and 
loss account, seve ral sub-accounts are o])encd ; 
and as sums arc paid for ('Xfx'nses \\m f>aym(mtvS 
are post(‘d from the en'flit side of the (‘ash 
book to I he del)it of the appropriate aeeounta 
oyM-ned in the ledger. 'Hk’! result will Ik; that at 
the end of the financial year. inst(;ad of one 
large miseellanoous account containing exp(‘nse8 
of all kinds, we shall have many smaller accounts, 
each devoted to an ex[)cnse of a ])articular kind. 
The number of such accounts d(‘ponds upon the 
size of the business, but a vefen‘nce to the trial 
balance on l)age ‘2.502 carries conviction of the 
superiority of this method of analysing the 
expenses rather than including them in on<; 
account under a general title. 

Closing Subsidiary Accounts. In 
order to arrive at tlu; amount of profit or loss 
as a whole, each item in the trial balance which 
records revenue or cxjxinditure in carrying 
on the business must now lx; brought into a 
general profit and loss account. This must 
obviously be done, for the usefulness of the whole 
work will bo destroyed if the accounts are not 
focussed in such a way as to give the trader 
a bird’s-eye view of the items making up tho 
profit or loss for tho year. There is now no ob- 
jection to the various hoods of expenditure Ixiing 
included in one account, for they will not now 
consist of hundreds of small items in no kind 
of order, covering many pages of the ledger, but 
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of some iwcniy items at most, la ing the halaiues 
of the various suh-aci ounts already ex]>lnine(l. 

Tliose accounts are now closed by the halanees 
being transferred to tlu^ })rotit and loss account 
by means of a journal entry debiting that 
account and cr(‘diting each sub-account of 
<'Xp(‘nditur(‘ with the balance shown thereon. 
Jn the event of there b<‘ing any stuiree of nwauiue 
other than tlie sales, the accounts which have 
becMi credited by such rcveniu' will be closed into 
the profit and loss aectiunt by a transfer of the 
balane<* lading ])asscd through the* journal 
d(‘biting th<‘ account and cr«>diting ju'oHt and 
loss account. 

A[)plying these j)rinci])l(‘S to tlu* trial balaiue 
j>n ])ag(‘ 2501 ?, and assuming the stock (»n hand 
to be worth £2,500, wc should obtain th(‘ follow- 
ing as our trading and profit an<l loss ai rount f»f 
till' business of Smith .Join's: 


Ft will he obst'i ved that the gross amount of 
the purchasi's and sales ar<’ stated in an inner 
Column in which the returns are also ent<‘red 
and then dedu(*tcd, the net amount of goods 
bought and sold being extended to the outer 
column, 'rids is found to Ix' conv<'nicnt in 
practice, as alTording at a glance the actual 
amount of purchas<‘s and sales for the y<'ar. 

Production and Distribution. .\ (pies- 
tion sometimes arises wliethcr a jiarticular item 
of expenditure should he charged to the trading 
or to the profit and loss account. 'I'lie decision 
will to some extent depend upon the eluiraeter 
of Iht^ business, for items whieh in one eas<» would 
be debited to the trading account would in 
another ease h(* (‘harged to the profit and loss 
section. For instance, in an ironfoundcr's 
business coal would lu' largely used in producing 
tJic finished article, and would be part of llu^ 
<()st thereof. In that case the outlay on coals 
would be cliaiged to trading aecoimt, while in tlie 
easi^ of a business where coal is only used for 
ordinary heating purposes it would he eharged 
to profit aiKl loss, as the ('xptuiditure forms no 
part of the i -st of the goods sold, 
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Again, in a busiiu'ss part of an item of tlu* 
same gmieral character may be included in 
trading, and the rest in profit an<l loss. For 
example, the w^ages of the workmen would be .i 
]>art of the cost of the finished goods, while the 
remuneration of the travellers and clerks would 
not. 'rhe w'agLM would l>e ehargt'd to trading 
account, tlu* remuneration to proiit and loss 
account. Tlu' general principle to be observed 
is that cost of production is included in the 
first part of the trading and ])rofit and loss 
account, while ex))enses of distribution conic 
into the second part. 

Disposal of Profit or Loss, 'f'lie balance 
of jM’ofit or loss is not left on the account 
and brought down as the amount with which 
to begin the new trading pi'i iod ; that eouix- 
is only adopted with the r<‘al and pi'isomd 
accounts. 'Flic prolils of a. hiisiness belong to 


the propiictor, or, if tlu're be more tlian one, to 
tin* ])artm‘rs in the concern, and the balance of 
jmdit as shown by the account must bt' trans- 
ferred to their accounts by means of a journal 
entry debiting profit and loss, and crediting them. 
'I'hc proportion to be en'dited to each partner 
dcpcmls n})on the terms of llu> agreement between 
them as to sharing })rofits and losses. This agree- 
ment contains many }>rovisions besides that 
<k‘aling with this jmint. and will be explained at 
greater length when tlu' question of partnership 
accounts as a whole an* receiving consideration. 

ft should be mi'iitioned hen*, howev^er, that the 
amounts are not earri(‘d direct to the credit of 
the partners on th(‘ir capital accounts, but are 
taken to tlu'ir resjiectivc drawirujs accounts. 
'Phese are ac<Tiunts opened in the name of each 
partner for the jmrpose of recording amounts 
drawn by th(‘m from tlie business during the 
year on account of their shares of profits, which, 
of course, are not definitely known until the 
final accounts are made up. The drawings are 
usually in the foini of cash, the payments being 
recorded in the cash book and posted to the 
debit of the aeeoiints as the money is drawn. 
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If, as sometimes happens, a j)artner has goods 
from the business for his private use, ho is 
charged with the price in the same way as an 
ordinaiy customer, tlie amount being posted 
from the day book to the debit of his drawings 
ac5Count. 

Closing the Drawings Accounts. 

When the books are closed at the end of the firm’s 
financial year, the balances of the drawings 
accounts are transferred by journal entries to 
the credit of the several partners’ capital accounts. 
In the particular case with which we arc <lcaling 
we will assume that tlio partners jointly manage 
the business, and, their capitals being the same, 
the profits or losses are shared equally. They 
will therefore be entitled to £220 Os. OJd. each, 
hut, as fractions of a penny are not regarded in 
Hccounts of this nature, a journal (*ntry will he 


made, dehiling profit and loss account, and 
cr<‘diting Smith’s di’uwing account with 
£220 Os. 7fl. A similar entry will ho pa sse< I cre- 
diting Jones's drawing account wdth £220 Os. Od. 
Tlu'ir drawing accounts will thus show balances 
of £70 Os. 7d. and £70 Os. Od., jind these will l)e 
transft'rr(‘d to their respecliv<^ capital accounts, 
increasing the credit balance's tliere'of by the 
amounts so transferred, 'riie accounts are 
variously styled drawing, ])rivatc, or currt'ut 
accounts in different husiiic.s.ses, hut by which- 
ever name they aic km)wn they contain in every 
I'Jise particulars of tlu' same nat\ire and are 
dealt with as (h^serilMHl, Any overdrawing of 
his ascertained share (jf prolit by a partner wall 
he carried to the debt of the partner’s eaf)ital 
account, tlius reducing the amount of his capital ; 
i)ut it is not unusual for a partner to pay into 
the business any excess of this nature, so that 
his capital account shall not be distnrlx?d. 

The Dalance Sheet. Having now dealt 
with those accounts in the trial balance 
alfeeting profit and loss, and trunsferred the 
balanct' ascertained (being the net profit) to 
the partners’ accounts, ^vo proceed to dispose 
of the remaining accounts. Upon examination 
these will Ix) found to consist of property 
belonging to tlie business, including debts 
owing by customers, or of amounts owdng 
by the business ; in other words, of assets and 
liabilities. These have now to l)e arranged 
in the form of a statement in such a manner 
that the partners can see at a glance what 
IB the nature and extent of the assets and 
liabilities. 
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The method by which this is effected is by 
dividing the statement into two parts, one for 
assets, the other for liabilities. But before 
making up the statement— or, as it is called, th(3 
balance sheet- — it is noi;essary to balance the 
accounts in tlu' li'dger from which it is compiled. 
This is done by writing in tlu^ amount of the 
balance on ('aeii account on the smaller side, 
then totalling and ruling olf the account and 
carrying down the balaiict^ to the opposite side 
from that on which it was first, entered. No 
journal entries lu^cd !>e made for these items, as 
they do not consist, of transfer from one account 
to another. Those accounts which have the same 
amounts enten'il on each side without the in- 
clusion of a balancing entry are ruled off, and the 
totals inserted. Having tHk(‘n this necessary step, 
we cun now' const met f>ur linal balance sheet, thus-. 


’riu' dillen'iut' lH‘twct*n the asst'ls and the 
liahilita-s to out:-i(l(' creditors must always I'Cjual 
the balances of the pioi.ru'tors’ eai)ital accounts. 

Grouping of Accounts. The iiist thing 
to be noticed in eoniu'ction with this balance 
sheet is that items of a. simil.ir nature arc first 
enter'd in an inmr <*olumn, and their total 
extended to an out('r column. I’his i.s to enable 
th(‘ proprit'tor of a business to see at once the 
amount of his ])r(»|HM‘ty nf a ]).irt icular d<'seriplion 
or the ext(*nt of his li.ibilitics under a certain 
head. In tlu^ sp'-eiirn'ii given the only elasst^s 
of a<*e<>uiit.s, bt-sides tbc capital accountB, in 
which there is more tlian one item, are the 
sumiry debtrus and er<‘dit(ws ; but in some busi- 
nesst's tlu' main classes of assets and liabilities 
are subdivided under several heads, and this 
renders it neet'SHayy to group the various items 
under their })ropcr headings in the balance sheet, 
in order that a correct id(‘a of the nature of the 
property and liabilities may bo formed. This 
feature of tlie balance sheet is obvious to the 
most (casual obs<‘rver, but thi*r<‘ is a further point 
which would not Is? so ap))arent to a person 
unfamiliar with such documents and the prin- 
ciples of thi'ir construction - that is, the order 
in which the accounts arc set out. 

Ranking the Assets. This is an 
observance of the principle that the accounts 
should enable the trader to a.sccrtain not only 
the extent, but also the nature, of his assets and 
liabilities. The order in wdiich the assets should 
be ranked is w^cll settled on broad line.s, but in 
some businesses there are classes of assets 
practically on the same level as one another, 
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Hjid as to \vhi('h thiMo may bo legitimate tliftercnce 
of opinion regarding their order of priority. 
These arc, l)o\vever, unimportant. 'Phe guiding 
principle to he observed is that the ,assels should 
he ranked in the order in which they an* most 
readily available for realisation. Following this 
rule, the assets should he arrangcsl in the 
following order ; 

1. ('ash. In many businesses this appears in 
various forms : (a) (^ash at hank on ordinary 
eurrent account paid in and drawn upon 
by che(]ue daily ; (/>) general cash (if any) in the 
office; (r) petty cash in tin* hands of the petty 
cash officer; (d) cash at hank on tleposit in 
respect of which it may he nece.ssary to give the 
hank iiotiee of withdrawal hefoi*e it can he 
obtained. 

2. Invest nu'iits belonging to the husiiu'ss. In 
trading coneeriis it is not often tliat tin* cash 
« a])ital is used for the purpose of buying securi- 
ties. It ean he more }>rofitahly employed in 
the jmrehase of goods of the dc.seription sohl 
by tin* biisiiu'ss. 11',. however, tlu'ie should be 
any investments, it is d(‘siral)le to specify tlu'in. 

.‘1. iSnndry debtors. These are frequently 
divided into two classes - -t host* who hav(‘ gi\en 
l)ills for the amount of their indebtedness, an<l 
those w'ho have* not. The former appear under 
the head of hills leceivfihle ; the latter und«T 
sundry debtors on o])en accounts, which are 
those showing a halajice diu* for which the 
luisiness has received no paynu'nt of any kind. 
The totals of the two class(‘s Hpj)ear first in the 
inner column, and are then extended into the 
outer column as one item. 

4. Tin* stocks of goods belonging to the 
business. Tliese will consist of the stock 
actually on the premises, and of any items that 
may he in the hands of other per.sons, either for 
sale on <*otnmission (consignun'iits) or on 
apj)roval. 

T). Movable pr()])erty of a k'ss easily realisable 
nature than those given above, consisting of (tt) 
plant and machinery ; (h) horses and (*arts ; 

{r) fixtures, fittings, and furniiiirc ; {(J) pat(*nt 
rights. 

(i. Immovable prc>perty incli ding {a) free- 
hold land and hnildings, and (/>) Ieaseln)ld 
premises. 

7. (loodwill. 

Ranking the Liabilities. On tin* other 
side of the balance sheet also it is necessary to 
have a systematic arrang<‘ment of tin* items. 
There are liabilities of various kinds, and the 
o?*der to be ob.seived in arranging them i.s, in an 
ordinary business, as under ; 

1. Any liabilities for which sc'cuiity has l)e<*ji 
given, siieli as mortgages or an overdraft at the 
bank. 

2. 8imdiy trade creditors, distingui.shing 
bet ween those who hold l)ills payable and those 
on open accounts. 

3. Any reserve accounts which may have been 
created. (These wdl he explained later.) 

4. The capital accounts r)f the proinietors. 

The rule to he followed in arranging the liabili- 
ties i$ to state fi<’St those to persons outside tJie 
bufein^s, and tl cn other liabilities, such as that 
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of the business to the proprietor for the amount 
of his capital. 

Floating Assets. The assets set out 
above may he divided into two (dasses ; 

(1) Tiiosc constantly changing in charact(*r. 

(*2) Tnose which do not so change, but remain 
in the same condition throughout (subject 
to wear and tear). 

The lir.st four items will be included in class 1, 
an<l art* known as floating assela. A study of 
the items will, in a measure, explain this 
d(*scription. Tiie cash, debts, and stock art^ 
constantly clianging hands. Avhile tlnur value is 
continually fiuctuating as bt'tw'cen themselves, 
and, if flit* business is successful, also increasing, 
'rhat they change in character and increast? in 
amount will be evid(*nt if avc (‘onsider tin* 
various steps in connection with a purchase of 
gtxxls. 

An ordt*r for goods is given by tnir trader. 
Till* goods arrive and are taken into stock, 
thereby incn*asing that item. They are then 
paid for, the re.sult being a diminution of the 
l>ank hal inct*. Tn eonrst* of time th(*y are sold, 
thus reducing the stock and increasing the book 
debts. iSnbst‘(jUcntly tlie debtor may discharge 
his liability by giving a bill, tlurrcby adding to the 
value of bills rt'ccivablt* and reducing the open 
hook debts. Later, tin* hill is m(*t at maturity, 
and increases tin* hank balance. The net result 
should he an auginentation of tin* cash in tln» 
bank, for natuially our trader will not have sold 
the goods for less than be gavt* for them. 

Fixed Assets, Tin* remaining assets, on 
the other hand, may ht* said to hi* permanent, 
'riicy are nsi*d over and over again in tin* making 
or handling of t he goods. In an ordinaiy trading 
coneern tin* })n‘mises, plant, machinery, fixtures 
and furnitnn* are used daily in carrying on the 
Imsinoss, which, indeed, could not he continued 
without them. .\ mafiiifacturer uses his 
machinery— his fi.xed asset — to transform his raw 
material — his floating {is.set — into the finished 
article. And this not onct*, hut many times. 
'Phe maehin(‘ry has not ehang(*d in form in any 
way, but tin* transformation of the raw^ material 
into the linisbed pi(*e(* is another illustration of 
(he manner in which the floating assets change 
in character and value, for the manufactured 
gtiods will naturally he worth more than the 
raw mat (‘rial tif which they are made. To 
summarist* the matter, it may be said that the 
lixed jvssets are those which are continually used 
to (‘aril income for the proprietor. 

It should be noticed that an item wdiich in 
oii(* lmsiiie.ss is a fixed asset, may in another 
h(* ranked as a floating a.sset. For instance, 
iiiachineiy eni])loyed in a jirinting establishment 
would be a lix(‘(i asset, while in the ease of a 
maker of machinery it would he part of his 
st(X^k, and therefore one of bis floating assets. 

Depreciation of Assets. A passing 
reference has been made to wear and tear of 
(lie JixchI assets, and mention line also been 
made of the depreciation of the stock of goods in 
the hands of a trader. These are matters which 
engage the serioirs attention of the accountant 
when preparing the final aceonnfs, for unless 
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(lu(i allowance is made under these beads befoix; 
determining what is the net profit of a business, 
tlie result obtained is misleading and may involve 
irravo consequences. Practically every asset 
of a business, with the exception of cash, is 
subject to depreciation of one kind or another, 
'flic rate or amount is not, however, by any 
means fixed. 

The depreciation of stock-in-trade has re- 
ceived some consideration, and it. will be suffi- 
cient to state that as a general rule stock should 
fall very little in value. 

Wastage of Fixed Assets. It is chiefly 
in connection with assets of a permanent nature 
that care has to be taken to make proper pro- 
vision for decrease in value. In a manufac- 
turing business, for cxfiinple, the wear and tear 
of the machinery is as much a ]>art of the cost 
of the manufactured articles ns is the cost of tbo 
raw materials and the labour put into them. 
The measure of the cost under this head is the 
dific*ronce between the piic;e of the machine and 
its present value. 1’hc latter could only b<^ 
ascertained by calling in an exj)crt to makt* a 
valuation. This is not found convcniiuil in 
])rac*tiee, besides being costly, and another juetbod 
of arriving at the amount of loss to be charged 
is adopted. A manufacturer knows by experi- 
(‘uce, or can asciwtain from tli(‘ maker, the pro- 
bable duration of tlie maeliine. 'I’lie nuinlH'r 
of years for which it can lu^ used is dividecl into 
the cost price, and the amount thus obtained 
is charged each year in the profit and loss 
account as an expense* of the business. Th(‘re are 
more scientific metbods of arriving at the amount 
which should be charged or writte n olT, but they 
<*an be dealt with mure apjiropriatcly lat(‘r. 

Possibility of Obsolescence. Ik*- 
si(h‘s Avear and t(‘ar to the macJiim* there? is a 
flirt lu;r matter to be* considered avIu'ii (h'aling 
'v\ith an asset of this nature. Human ingenuity 
is constantly devising new and improv{*d metluKls 
of manufaedure in ])raetieally all industries, and 
tliks factor should be taken into eonsidoration 
when forming an opinion as to the ]K*nod for 
wliieh the mucliine will he valuatile. For in 
the cAXuit of a noAV machine being ])laccd on the? 
market of sucli a nature; as to render it impos.sible 
for the mamifaeturer to continue bis pre.seiit 
methods owing to the adoption by bis rivals 
of the cheaper nr (piicker system, ho Avould 
have to regard his maehim; as obsolete and put 
hinis(»lf on an equality with them by installing 
one of tlie latest pattern. 

From these remarks it Avill bo si*on that there 
are elements Avhieh render it impossibk; to 
place absolute reliance upon the estimate formed, 
hoAA^ever carefully it may have been made. The 
utmost that can be done is to take into con- 
sideration every contingency that can ho fore- 
seen and form a (;onchision ux>on those premises. 

The remarks upon the question of wear and 
tear apply to the other fixed assets mentioned on 
the preceding page, save only the freehold land 
and the go^will, for it is clear that neither 
horses nor carts improve with age, and that if the 


Imsiaess has had the lK?n<‘fit of their services 
it must not only he charged with the wages 
of the oar men and the forage and stabling of the 
horses, hut also with the decrease in value AAdiich 
has taken place in eonsequenee of their being used 
for the purposes of the business. Fixtures 
stand in Hie same position as maehin(‘ry, and 
the decrease in their value must form a charge 
likewise. 

Patent Rights. Patent rights stand u])on 
rather a ditTerent footing. Patents are granted 
for a ix'i’iod of fourteen years, diiring Avhieh the 
patentee has the sole riglit of using the invention 
forming the subject of the patent. At tin; <‘nd 
of that tim(; the general public Avill Ik* at lilxuty 
tf)use the invention and, as an asset, the invention 
Avill ha\e disappeared, subject to any value 
there may he in the goodwill which may bav(; 
been built up by the; patentee as sole maker 
during the existence of the patent. With this 
reservation, therefore, the ]>atentee has to 
contemplate tlu; e(*rtain loss of a particular 
asset Avith in a known p(;riod, and lu* should take 
st<“ps to (‘xtinguish the hook valm; by writing 
otT a proportion each year as do]>reciation. 
The sauu* course should lu; adopted with the 
book value of leas(;hold prtuniscs, tlu* amoiint 
written off dejumding principally u})on the 
number of years the; l(‘aso has to run. 

M’he ouly r(‘maining item in our list is good- 
Avill. Hxcept in the (‘asc* of a steadily losing 
husine.ss this cannot he said to de])reeiatiO 
K'gidarly. It may lluctuate with the 7’ise and fall 
of tlu* profits of a. busin(‘ss, but it should rarely 
lu* appreciated in the books, and is, on the con- 
trary, frecjuently written down (‘ilher direcdly 
or indirt'ctly by means of a n'serve, which need 
not he explained here but will bcconsiilcivd later. 

Method of Recording Depreciation. 
I'hc manner in which the opi'rat ions d(‘seribcd 
are p<*rforim‘d is to debit piolit a ml loss 
account, atid cn*dil tlie ))arlicular sssed to 
b<* d“preeialed. M’bc d<'bil to prolit and loss is 
n(>tJa)AVCA’<'r, entered direct on that ae(‘(»unt. A 
depreciation account is opimed and (h‘bit<*d 
AA'itli the several items to be clanged in re'^ptjel 
of the various assets, tlie journal entry being 
made as folloAvs : 

Depref ion J)i‘. ; .It >8 

To Machinery 200 

„ Hors(*s and Carls 7C> 

„ Fittings 2,5 

Pat(*nt ti8 : 

lu'ing tbo amounts to lu; Avrilt(*n of! for 
depreciation during the y(‘ar agreed by 
partners. 

'I’he depreciation account Avill be closed by 
transferring the balance to the debit of the profit 
and loss aeeount by a journal entr>% 

It only remains to be said that , in the case 
of the fixed assets the depreciation written oil 
is shown in the inner column of the balance shwt 
as a deduction from the book value before the 
amount was charged, the net amount being 
extended. 


Continued 
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The Thrust of an Arch. The thrust 
of nil arch is the lirst and most important point 
for consid(‘ration. In 226 is sjiown the* lialf 
eh‘,vation of an areh, where AB is the half span 
and BO tlic rise, 1)0 th(‘ d(‘pth of arch at the 
crown, and KA tlie depth of areh at the springing 
or abutment, fn small areh(‘s the spandrel 
KKOl) is generally filled up solid, either by 
brickwork or masonry : or, in the case of a 
bridge, by the material of which the roa^lway is 
formed, so that while thc^ arch itself is included 
within the outline AED(\ the load canied by 
the arch is inchuh'd in the outline AKFtiDO, 
omittmg for the ])r<‘sent the consideration of 
any external load. It is usual to consider the 
stability of 1 ft. run, the same as with walls ; 
in this case it will be the same as if the (‘h‘vation 
show'n \v(‘re 1 ft. thick. The c('ntrc of gravity 
of this figure must, be determined by marking 
the outline iijion drawing paper, cutting it out, 
suspending it consecutively from two jioints, and 
marking vertical lines to intersect, giving th(‘ 
point c. g. (centre of gravity). Its area must 
also be determined by ])lanimeter or otlu'rwise, 
ns a measure of its weight. Then a vertical 
line must be dropped from the centre of gravity 
and a horizontal line drawn from the centre of 
the depth of the arch to meet this vertical, to 
give the intersection from which the weight of 
half the arch complete must h(‘ set olT to scale 
downwards, and from which ivii inclined line 
must he drawn through tlu' ceiitn' of the .skew- 
hack. Then the paralkdogiam of forces is 
completed hy drawing fiom the bottom of the 
vertical line a horizontal line to meet the line 
of thrust through the skewbaek, and another 
inclined line upwards, ])arallel to the lirst 
inclined line. Then the length of the lines of 
tlic parallelogram marked V! and T give re.spee- 
tively the thrusts to balance the load W. I’lu* 
thrusts being obtained, tlu* recpiired depth of 
areh ring may he calculated aeetnding to ihi* 
strength of the material, and. if necessary, the 
increased thrust at the skewbaek may be met 
by increasing the depth of tbe areh towards the 
abutments. In bri('k arches this is sometimes 
(lone by increasing tbe number of arch rings 
tow ards t he ends, as in 227, and in stone arches by 
increasing the depth of the voussoirs as in 228. 

Straight Arch. A straight ar(*h, such 
as the gaugc'd arch over a window, is con- 
sidered by some not to be an arch at all ; but if 
the conditions be investigated, it will be found 
that it virtually contains an arcli ring half the 
depth of the straight arch, and with a rise of the 
same amount, as shown by the dott<*d lines 
in 289. Tliis ^vifl also show’ that the angle of 
the sketvbaek should he such as to lie in a radial 


line from the centre from which this virtual areh 
is struck, so as to be perpendicular to the thrust. 

Forces Acting on a Voussoir. The 
forces acting upon a voussoir or arch stone are 
.shown in 230. Tlu* thrust from the next 
higher vou.s.soir. is combined with the weight of 
and upon the present, voussoir to give a new 
thrust to eari-y forward to the next lower 
voussoir. 'rhe angle 0 must always be less 
than the limiting angle of resistance, or sliding 
will occur, and the thrust line must be within 
the middle third, in order that the effect may be 
(me of pure compression. 

External Load on a Bridge. The 
external load on a bridge due to the traffic may 
bt* taken as 2 cwt. to 5 cavI. per foot super., 
according to circumstances, and added to tin* 
diagram, as if it formed |)art of the dcuul load of 
the stnu'turc, as shown hy the upper portion 
in 231. The main thrusts will them be found as 
before, including this load, and it is usual to 
show’ tlu* curvt* of tlirust throughout the wdiole 
of the arch. This is done l)y dividing up the 
arch into assumed voussoirs and juodueing 
vertical lines up to the toj) ; then, locating the 
<*entro of gravity of each portion, and dropping 
vortical liiU's to reprcsc'Ut force lines due to the 
AV('ights. these w(‘ights Avill be set down in ord(*r 
on tlu* reciprocal diagram 232. the figures 
corresponding as in the usual method of drawing 
the load line on reciprocal diagrams. The 
horizontal distance ( 1 —OJ will then, upon the 
sam(^ scale, he made ccpiul to the horizontal 
thrust at the crown and vc(*lors, drawn from 
))oint 0 to the divisions on the load line, and 
parallel to theses the curve of thrust will be 
drawn piecemeal across the spaces in 231, as 
in the ease of an ordinary funicular polygon. 
For stability, tliis eiirvt* of tlirust sliould pre- 
ferably keep Avithin the middle third, but if 
at any point it comes nearer to the intrados or 
('xtrados of the areh ring, the pressure on the 
joint Avill be greater, but not necessarily too 
great for safety. 

Curve of Thrust. It should be under- 
stood that the curve of thru.st docs not indicate 
that the pressure is concentrated along that line 
alone ; tlie line m(*rely shows where the centre 
of pressure^ outs each joint, the resistance being 
spread over the whole surface of the joint, 
exactly in the same AA^ay as the resistance at 
the base of a retaining Avail is proportioned over 
the surface of the base, according to the position 
of the resultant-. 

Minimum Depth of Arch Ring. It is 

a curious fact that there is a minimum depth of 
arch ring, according to the span and rise of the 
arch, independent altogether of the load upon it. 
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This arises from the necessity of keeping the 
curve of thrust sufficiently within the arch ring. 
A covering arch, 10 ft. span, formed of one ring 
of brickwork in. thick, set in cement, w^os 
built over a tank and had to cany its own weiglit 
only. Before the centering was removed, the 
aren bulged at the sid(is, about halfway Ind-ween 
the springing and the centre, and wh(‘n t he center- 
ing was removed, the arch collapsed altogether. 
The reason will seen by observing the position 
of the curve of thrust as shown in 233, which is 
constructed from the reciprocal diagram 234. 

The lettering of the illustration shows the 
ord(^r of construction. AB in 233 is the half 
elevation of the arch, which is divided up not 
into the actual bricks, but into convenient 
portions for the method of working. Draw a 
vertical line through the cc'ntre of gravity of 
<?ach ])ortion, repn^senting the direct ion in which 
its weight acts. Number the spaces between 
these force lines and draw the line of loads (JD 
1284]. Select any pole E, and draw vccb)rs 
to (’D. From any point F on line 1 — 2 of 233 
and acro.ss space 2 draw a line })arallcl with the 
vector from 2 in 234. Continue across all the 
other spaces with lines parallel to the v(‘clors, 
liniahing at G. Now draw linos from F and (J 
parallel with the; vectors 1 and 14, to meet at 11. 
From J draw a horizontal lin<^ tli rough tlie centre 
of the arch to meet a vertical line from If at 
point K ; join KL at the centre of the skcwback, 
and prodiicc! to give the resultant. Now in 234 
draw DM paiullel to J K — that is, horizontal — and 
(\M parallel to KL. Join all points on CD with 
M IJ, then these lines will represent the thrust 
throughout the arch. The “ curve of thrust ” 
N is found as follows : from point L atuoss 
space 2 draw a line parallel with 15 — 2, then 
contimu* across space 3, parallel to 15 — 3, and 
so on. until B is reaelied. For the arch to be 
stable without tension on any part tliis curve 
should he everywhere within the thickness of 
the arch ring. If tlu* arch be made to the same 
curve as the line of thrust, tln^ arch Avill, of course, 
1 k‘ under the best conditions of stability, pro- 
vid(xl that in hnding the line of thrust all the 
circumstances, such as accidental load, wind, etc., 
have been taken into account. 

Thrust from Semicircular Arch. Tt 

is another fallacy to suppose, as many do, 
that there is no outward thrust from a semi- 
circular arch. WhaU^vcT the horizontal thrust 
may be at the crown, there is a similar hori- 
zontal equivalent on (‘ach side acting outwards. 
An ilhrstration of this occurs in 233, Avhere the 
inclined thmst at the skew backs may be resolved 
into the two directions, \ertical and horizontal, 
w’hen it will be found that the horizontal com- 
ponent is equal to the horizontal thrust at the 
crow'n. It is a law of nature that the line of thrust 
takes the shortest possible course from the load 
to the support, so that if an arch ring be assumed 
to have no weight the thrust from a concentrated 
load on the centre would pass in straight lines 
to the skewbacks ; and where a distributed load 
is C£Lrri,ed, the horizontal thrust at the crown is 
, depressed by the load it meets as it passes each 
jomt towards the jkewback. 


Concentrated Loads on Arches. A 

concentrated load upon an arched bridge, as 
from the wheels of a steam roller or traction 
engine, produces a great distortion of the curve 
of thrust as the load passes over the haunches. 
Such a case is shown in 235. The load tends 
to spread outwards in all directions in passing 
downwards to the arch ring, but it will be 
sufficient to consider it as spread over a distance 
about equal to the depth from the road surface 
to the arch ring, or oven over one or two voussoirs. 
After dividing up the arch into the actual or 
assumed voussoirs, and finding the weight above 
each, the positiem of the vertical through the 
mean centre of gi’avityof all the loads, including 
the concentrated load, should be found by 
funicular polygon as shown, and then the mean 
c‘cntre of gravity line for each half. The pn*- 
vious descriptions will enable the method of 
constructing the reciprocal diagram 236 to be 
readily understood. 

Is a Keystone Necessary ? Tt is a 

common error to suppose that a keystone is 
ncce.ssaiy for the stability of an arch ; it is 
purely a matter of taste, and the fact that count- 
less thou.sands of brick arches exist without a 
keystone ouglit to be a .sufficient answer to tTi<» 
boldcrs of the idea that it is necessary. In Uu^ 
fronts of buildings the arches are often finished 
with a kiystone or similarly -shaped block of 
gauged biickw^ork, but this is for the sake of 
appearance only. 

Stability of Abutments. The; abut- 
ment of a bridge is gi'iierally lilhal in with earth 
at the back, and this to some; extent resists 
the thrust of an arch and reduces the necessary 
lhickuo.ss. TIk) wing walls of the bridge are 
(‘onlinuous with the face of the arch, either in the 
same plain* or at right angles to it, or at some 
intermediate angle. When curved wing walls 
are adopted they may eomment'e in the same 
plane as the face of the arch and terminate 
at right angles to it. TTie wing walls give gicat 
support to the abutments, but they do not often 
enter into the caleulations. Buttress walls may 
also be placed at intervals between the wing 
walls to give support to the abutments, and per- 
mit of a reduction in their thickness. A plain 
abutment wntbout buttresses is shown in 237. 
Plain abutments us\ially stop at or shortly 
above the skewback, and are then covered by the 
tilling as in this case. To ascertain the stability, 
the mean ctmtre of gravity of the abutment, wall 
and lh(^ earth above it i.s found, and this weight 
is combined with the thrust of the (*arlh, then 
the H'sultant is combined with the thrust of the 
arch, and the position of the final resultant 
with regard to the base of abutment together 
w'ith the value of its vertical component deter- 
mines the maximum pressim; upon the base. 

Stop Abutments. In the ease of railway 
viaducts of several arches, the thrust of one is 
counteracted by the thrust of the next, so that 
tlie abutment or pier betw^een has only the direct 
w'eight of the superstructure to carry. If, 
however, by fire or other accident one arch 
should fail, all the rest would fall by reai^n of 
the unsupported thrUst. To prevent it is 
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usual to put ft stop abutment at eveiy tenth arch, 
so as to confine any such accident within those 
limits. The stop abutment is made sufficiently 
strong to withstand the thrust oC an arch or of 
a scries of arches if the next one should fail. 

Suspension Bridge Chains. The chains 
for a suspension bridge take the same shape 
as the curvi' of thrust of an ordinary arch, but 
inverted. If the load be taken as approximately 
uniform over the span the curve will be a para- 
bola, and this is generally the case owing to the 
excessive weight of the roadway compared with 
the chains themselves. Moreover, the catenary 
curve, which is the true shape of a suspendcid 
chain, is indistinguishable from a parabola when 
its dip does not exceed one-tenth of the span. 
When deeper, the (catenary is seen to be nearer 
to the shape of a circular are. The catenary is 
also a difficult curve to draw, while the parabola 
is v(jry easy. 

Stresses in Suspension Chain. The 

stresses in a suspension chain can be shown 
vi‘ry readily by a graphic diagram. Li‘t ABC 
[238] represent the elevation of a sus|K'nsion 
chain imifoimly loaded throughout the span 
with a total load A(\ tlum by reciprocal diagram 
let ac [239] (‘qual the line of load.s, draw^ «f7, 
cd, parallel to tangents to tlie chain at A and 
then the lengths nd. rd, w^ill give th(‘ stress at 
jjoints A and C. Similarly, db parallel to tangent 
at Jk or dc parall(*l to tangent at will give the 
stresses at those points. Allowance may bo 
made for any want of unifi)rmity in the actual 
loading by setting off upon the load line of 
the rtjciprocftl diagram the load to bo carrit'd at 
each of the points of attachment. 

Effect of Dip in Chain. The effect of 
reducing the dip or dcHcetion of tlie chain in 
increasing the stims may he slu)wn comparatively 
by diagram 240, wlaae All is the span and dr the 
detlectiori. "I’liiui, according to the rid<* for a 
parabola, make re equal to dc, and join Ar to giv'e 
the direction of the tangent to the curve at point 
A. Com])l(‘te the enclosing parallelogram AB/f/, 
then Ah, being the tangent. A/ : load on 
Ac : : f h : stress at c, or stress at c load 

, on Ac X Tak(' ])oint h so that die equals half 
dc, then Ac, being the tangimt, A/ ; loa<l on Ac ; : 
fc : stress at k, or stress at k ~ load on Ac v 

Again, take point I so that dl (‘(pials half dk, 
then A(j, being the tangent. A/ : load on Ac : : 

fg : stress at /, or stress at I — load on .Ac 

from which it will be scon that the general 
statement may be made of half the. dip, double 
the stress. 

Stress by Calculation. The tension 
at the lowest point of the cable follows the same 
law as the flange stress in the centre of a girder, 
or the thrust at the centre of an arch — viz., 
W/ 

T= - --j , where T = tensile stress in tons, W 
8a 


manifestly be increased by the weight of the 
chain being suspended from those points. The 
amount of the tension in the cable at the piers 
will be given by the formula 

Tension in Backstay and Pressure 
on Pier. The tension in the backstay, or 
anchor chain, and the pressure on the pier will 
depend U[>on the angle at which the former 
leaves the pier. If it is curved, then the tangent 
to the curve must bo taken as the virtual 
direction. An illustration is showm in 241. 
Ix‘t A be the top of pier, set off half the span of 
suspension chain to any scale and at the end set 
off twice the dip t o the same scale, and through tlie 
point so found draw line AB, which will be the 
tangent. T^c't AB equal the tension to any givtui 
scale, then, if the cable is free to move over the 
piers, the tension will bo of the same amount in 
the ba(ikstay, therefore draw AC equal to AB, 
and let AO follow the direction of the iangimt 
to the backstay. Then complete the parallelo- 
gram BACl) and draw the diagonal, which will 
give by its length the resultant pressure and its 
direction upon the pier. 

Books for Students. Processes all(T 
so rapidly nowadays that books on materials 
soon become deficient, still remaining useful, 
but r(?quiring supplementing by reference to 
the eiiiTent technical jiross. Kivingtori's ‘‘ Notes 
on Building (Construction,” Vol. JIT. (Longmans, 
21s.) will ho found to contain a mass of information 
upon all kinds of builders’ materials. Ariothor 
useful book is Middleton’s “ Building Materials : 
Their Nature, Properties and Manufaeturti ” 
(Batsfurd, lOs. n(‘t). To tlu^se sho\ild bo added 
Sexton’s “ (^Uiemistry of Materials of Enginecu’- 
ing ” (Teclinical Publishing (/o., 5s.). There an; 
ill addition many books on s])('cial branches 
for which catalogues should be consulted. 
For the strength and testing of materials 
such works should be eonsultid as Pop])le\veirs 
“Testing and Strengtii of Materials of Con- 
struction” (Seientifie Publisliing ('o., 12s. (Id.) 
Ihiwin’s “ On Testing Materials ” (Longmans, 
16s. net). Burr’s “Elasticity and Resistance of 
the Materials of Engineering ” (Wiley & Sous, 
.‘lOs.), Box’s “ Strength of Materials ” (Spon, 
P2.S. 6d. not). For an introduction to graphic 
staticvS, Adams’ “ Strains in Ironwork ” (Spon, 
5s.), Hardy’s “ Elementary Oraiihic Statics ” 

( Batsford, 3s. net) ; and for advanced work, 
Goodman’s “ Mechanics Applied to Engineering 
(Longmans, 9s. net). For stability of struc- 
tures, Patton’s “ Treatise on Civil Engineering ” 
(Chapman Hall, 31s. 6d.), Rankine’s “ Civil 
Engineering ” (Griffin & Co., lOs.), Anglin’s 
“ Design of Structures ” (Griffin & Co., IBs.), 
Adams’ “ The Practical Designing of Struc- 
tural Ironwork,” first series (Spon, 8s. fid.); 
“ Designing Ironwork,” second series (Spon, 
Part L, Is. fid. ; Part II.. 28. fid ; Part III., 2s. ; 


= total toad in tons, I = span in feet, and d Part IV., 2s.), Fidlor’s “ Bridge Construction” 

lb feet. Tl\e tension at the piers will (Griffin & Co., 398.). 

‘ Materials and Sttuetwres concluded 
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in the law of real and jiersonal property, includ- 
ing conveyancing. This subject carries nearly 
hfuf the total number of marks (900 in 2,100), 
and proves a fatal stumbling-block to a largo 
proportion of the contestants. The other 
papers are in simple English Hubjects, constitu- 
tional history, and two of the three language.^ — 
Latin, French, and German. 

Clerks for Port Service. Except that 
candidates are allowed to take five optional 
subjects in place of four, and that the fee is £3 
instead of £2, examinations for second-class 
clerks for port service in the Customs are 
identical with those for Second Division clerks, 
described on page 2427. Tt is generally agreed, 
however, that the former are the more valuable 
appointments. Although the commencing 
salary is the same, the scale of increments is 
more liberal, and there are far wider possibilities 
of promotion. The staff of port service clerks 
being somewhat large, examinations are held 
at fairly regular intervals of about a year for 
a score or more of vacancies ; and ns the age 
limits are the same as for the Second Division, 
students who have the latter grade in view 
should certainly avail themselves of the chance 
offered by one of thci.sc* t’ustoms contests. It 
will be romomben'd that boy clerks arc entitled 
to claim servit'c marks wht*n (;om(>cting for 
such appointments. 

The pay of sceond-class cliu'ks for port 
service begins at £70, increasing by £5 yearly 
for four years, and afterwards by CIO, U) £200 — 
the limit of tlie lower section. On <mtoring the 
Uf>jK'r section they f)rogres8 by £10 to £3<M^ ; 
and when advanc(‘d to the first class recciv^e 
£320, with £15 increnumts up to £400. They 
are also eligible tor higluu* posts, including 
eollectorships at the various ports, w ith salaru^s 
varying from £320 up to £801) and 11,000 a year, 
according to the siz(? of the port. 

Outdoor Officers. 'Hic outdoor (‘stab- 
lisbment of the Customs is divid<‘d into 
two branches — the landing and warehousing 
stalT, recruited by assi.stants of (’ustoin.s ; 
and the wat/crguard and })rcvcntive statf, 
whose members ciiUt a** pnweiitivo men. Ad- 
mission to the outdoor dc'partnicnt of the 
Tidand Kevonuc i.s oblairuHl througli the 
contests for assisiantships of Kxcisc*. 

Assistants of Customs. From 50 to 
100 appointments of this class are filled every 
year by means of competitions — usually held 
in January and July — that arc open to all 
unmarried men between 18 and 21 yeara of ago 
who satisfy the prescribed conditions as to 
health and jihysique. As is inifxu’ative in a 
service involving a good deal of hard work and 
exposure, these requirements are fairly severe. 

Applicants must be at least 5 ft. 4 in. in 
height and of proportionate chest development. 
The latter standard is fixed at 32 in. for the 
minimum stature, and advances half an inch 
for every extra inch of height up to 5 ft. 10 in., 
for which a chest measurement of at least 35 in. 

essential. The girth is calculated, by the 
as the mec^ or average of the measure- 
i&ents obtained mth an expanded and a deflated 


chest. Any defect of vision is regarded hy 
the authorities as a disqualification. 

A clear idea of the character of the educational 
contests may be gained from the table given 
Ixdow. Tt shows the marks obtained by the 
highest and lowest successful candidates at a 
recent competition, which was attended by 
802 students. : 


1 EXAMINATION 

FOR CUSTOMS OFFICERS | 

Order of ' 
Merit, 

! 

tti 

S 

Arithmetic 

c 

o . 

i ■ 

3 5? e. ; 2 

\ 

"S'.S 1 

M ! 

Di'^estinj^ Returns 
into Sununaries. 

i- 

'C 

(A 

3 

c 

C3 

o 

u 

i 

Total. 

i 

.Max. .. 

4(X» i 

800 

sm) ; 400 

400 

400 

I 32(K) 

No. 1 


800 

.^.70 :437 ■ 

:V)2 

352 

I 2701 

No. W) . . 

liOO 

040 

r>04 : 2ti0 

‘JOO 

311 

1 

i 2275 


Simple as the examination is, there are no 
obligatoiy subjects ; but the oom])etition is 
so keen that — as our table shows— good mark.s 
in every paper are absolutely c.ssential for success. 
(Vmdidates who have served as boy C5lerk.s now 
receive service marks at thc'se contests, and 
may deduct two years from tlieir actual age 
if they have servtxl for that term. 

Salaries and Duties. Assistants of 
(histoms arc apj)ointed on probation for a 
year, and are liable to serve at any f)ort or 
station in tbe Kingdom. They ret^oive £70 
a year on appointiru'nt, rising by £5 yearly to 
£105. Within five or six years after entering 
the service, hovvov^er, they may (‘Xpeet pro- 
motion to the grade of seeund-eJass examining 
officer, witli a salary beginning at. £110 and a 
yearly increment of £7 lOs. to £250. In order 
to advance furtlier, a dej)artm(‘ntal examination 
in Customs wrulc must be passed. As vacancies 
arise, officers thus qualified are admitted to 
the first class and receive' £230 a year, rising h\' 
£10 to £340. An intelligent and capable official 
i.s .sure of the last-mentioned salary at least. 

From t he ranks of the senior I'xaniining officers 
special yiromotions are made, according to merit, 
to the responsible position of (histoms surveyor. 
Th(\s(' otlicers are in three classes, with respec- 
tive maxima of £420, £480, and £550. 3’here are 
also a handful of better paid appointments ; and 
as higiier posts are filled by the advancement 
of deserving subordinates, capable officers may 
go far in the service. 

The work of (histoms officers is manifold, 
interesting, and sometimes exciting. It includes 
Ixiarding and rummaging vessels, quarantine 
duty, the examination of baggage, watergiiard 
service, dock and warehouse work in connection 
with dutiable imported goods, and many other 
duties afloat and ashore. Changes of station 
are frequent, and there is a good deal of night 
work and extra duty, for which special remunera- 
tion is paid. Despite its occasional hardships, 
men of active, self-reliant temperament And the 
life pleasant enough. 
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The Preventive Service. This branch 
of the Customs is occupied with less re- 
sponsible and technical duties, and olTtrs far 
jc\v(T chances of advaneeinent than the landing 
and warehousing se(‘tion. Recniils wtMc formerly 
enrolled as Customs boatmen, but now are 
lenned Preventivt* Men. The appointments are 
111 the gift of the Treasury, and are generally 
secured through the iuHuenee of a nu^nber of 
I’ailiament. (Candidates must be betw(‘en 17 and 
:?(> years of age, at least 5 ft. \ in. in stature, 
and JU in. round tbe chest ; or if tlic' height is 
.*» ft. 10 in., the minimum chest measurement 
is 'lo in. 'I"hey are reipiired to ])ass a qualifying 
( xainination of the .simplest character in read- 
ing, writing, and elementary arithmetic. 

Pieveiilive men start at £o.7 a y(‘ar, rising by 
il 10s. annually for live years and afterwards by 
lOs. to £85. On promotion to tie* gradt* of 
l>rcvcntiv(‘ officer, this salary bceonu's £0.">a year, 
Mith £5 inercunents to £150. Tlu^re is an u|)|x*r 
s(‘ction in this grade rising to £200. and a few 
higher posts with salaries ranging U]j to £(>50 ; 
hut only about one-half of tin* p!(‘vcntive 
officers can advance beyond £150. 

Assistants of Excise, 'riie.si* officers are 
rather more liberally paid, on tlie whole, tlian their 
colleagues in theCustoms. An assistant of Kxcisi*, 
after a preliminary course of instnu t ion at a 
brc‘W(‘ry and distillery, liegins his siM vice on a 
salary of £50 a year, but receives an “ officiating 
allowance ” of 2s. a day when actively employed, 
which raises his actual earnings to about £80 or 
£85. After receiving six yt'arly inermnents of 
£5 (aich, lie lieeomes a second-class ofliccr at a 
salary of £115, advancing by £7 lOs. to £100. The 
officiating allowance c*eases in this grade, l)iit 
there is instead a “subsistence allowanee ** not 
exceeding 7s. (Id. w(‘ekly for the ex]j«*nscs in- 
curred by absence from hoim* ; ami in districts 
wliere it is necessary to keep a horse, £40 a year 
is allowed for that purpose, 

l)e.serving officers are promoted in order of 
seniority to the first class, with a salary of £IS0 
ami annual incnmients of £7 10s. for six years 
and then of £10 to £250. .Vs the number of fir.Nt- 
‘ iass appointments is limited, and promotion is 
consequently often delayed, officers who, after 
15 years’ approved service, have not been ad- 
vanced to that class receive special increment n of 
£7 10s. yearly until so promoted, 

Kvery meritorious member of the dc})artment 
is thus assured of at least £250 a yc'ar, but beyond 
this point promotion is tardy, and for many 
officers is praetieally out of reaeh. A dc*part- 
mental examination admits their more fortunate 
colleagues to the higher grades, comprising thosi? 
of assistant supervisor (at £250 and allowances), 
supervisor (£280 to £400), inspector (£450 to £700), 
and collector (£500 to £800). 

Life as an Excise Officer. Panploycd 
■‘Sometimes in busy town stations, sometimes in 
n‘motc country districts vv’here the work is 
pk‘asantly light, the Exciseman enjoys a great 
deal of variety in his duties and surroundings. 
His work may be summarised under the following 
htiads — distillery survey, brewery survey, levying 


duly at bonded warehouses, and duties in con- 
nection with litenci's. For tlic most part it is 
done without supervision, combining liberty with 
responsibility. 'Povvn posts may involve an un- 
welcome amount of night duty at breweries and 
distilleries, but in country areas at letxst — the 
ancient hatred of the Exciseman having long ago 
died out— -the life is distinctly an agreeable one. 

The Entrance Examination. Open 
competitions for assistantships of Excise, are held, 
as a rule, in May and November of each year, 
'Phe age limits arc 10 and 22, but candidates who 
have stu’ved bir two years as hoy clerks are 
admitted until 20, besides receiving s(‘rvicc 
marks in the contest. “ Any serious defect of 
vision ’’ is a bar t«> the service, hut no standard 
of heigiit or c hest measurement is pieseribed as 
in tfie ( ‘ustoms. 

Undta* existing rogtdations the (‘xamination 
s<lu‘nie <*omprises only handwriting, English 
composition, aritlirnctie. general geography, and 
higher arithmetic (including nicmsuration). On 
January 1st, lt)()7, a slightly more (‘xtendi'd 
sihemc will come into forc(\ retaining the first 
four subjcH'ts named abovc^, and adding to these* 
the* following lliree papers, of which only two 
may he take n by any c'andidatc^ : English history 
(from 1485). mat hematics, and elementary 
chemistry. 

Owing probably to the attractions of life in 
the Excise (particularly for country youths), and 
the simpler eharactc*!- of its (*nt ranee c*om])etitiou, 
vacanci(‘S for assistantships are contested with 
an eagerness imrivall(*d in any other branch of 
the* national service. For the 40 or more appoint- 
ments ortVred at c'ach ('xamination, between 
700 and 1,000 eanciidates usually strive, and in 
one* riurnt instamc*, at least, tli(‘y reached the 
startling ratio of 51 competitors to every place. 
'Phe marks obtained by those who suc'c’c'c'd arc 
(Marespondingly high, about SO per e(*nt. of the 
maximum aggr(‘gatc being usually needed to 
sc'ciire an appoint mcmi. 

The Government Laboratory. As- 
sistants who have served for six months in either 
the Excise or the (’iistoms service may obtain 
jHTinission to attend a competitive c^xamination 
in science subjects held in July of each year for 
eight studentships in Ihc^ (lovernment laboratory 
in London. Suceessfed candidates receive*, two 
yc'ars’ insti’uetion at South Kensington in theo- 
retical and practical chemistry, and, on passing a 
further examination at the end of that period 
become temporary assistants at the laboratory. 
While thus (*ngaged tfu\y receive the* pay of their 
Excise rank, with eompemsatiou for loss of emolu- 
m(‘nts. and the* most promising of their number 
are selected to fill vacancies in the permanent 
staff of analysts. These officials are paid £1(50 a 
year, rising by £15 annually to £350, and on pro- 
motion to the first class advance £20 yearly 
from £100 to £550. There are higher posts 
obtainable, and a laboratory studentship un- 
(|iicstionably offers to a young member of the 
(’ustoms or Excise who possesses the requisite 
ability and aptitude for scicmcc^ the first step in 
a very successful (career. 
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SPANISH '.'.irin' 

By Amalia de Alberti 


NUMERALS 

Cardinal. Tho cardinal nuniherH arc thone 
which answci: (jU(‘stion How nian\ ? as in 

KngliHh. 

f), s‘'i;H 

7. sicto 

8, ofho 
J), nucvo 

10, die/ 


L uno 
2, dos 
tres 

4, cuatro 
T), cinoo 
1(), dicz y Rcirt 

17, die/ y sicto 

18, die/ y ocho 

19, dicz y niicvc 

20, vointo 

21, vcintey uno, etc., 
or veintinn, eO*. 

110, treinta 
31, treintayuno, etc. 
40, ciiarenta 
50, oincuenta 
00, Resent a 
70, setenta 
SO, oehenta 


1 1 , once 

12, docc 

13, trooe 

14, catorce 

15, quince 
90, no vent a 

100, eiento 

101, eiento y uno 
200, doscii'utos 
300, trescitaito.'i 
400, euatrocientos 
500, (juinientos 
0t)0, soi.scientos 
700, setccieriOis 

800, ocliocicnto.s 
tK){), novecieuto.s 
1,000, mil 

1,000,000, uii mi lion or un 
cuento. 


O^he cardinal nunilK'i.s are invariable ('Xc(*f)t 
vno and civntoA. which take a lad'ore a feminine 
substantive. K.xumple : (Ioscie}ito.'< 
two hundr(‘d men ; fresrientds wujorft, three 
hundred wouK’ii. 

Cievto, om* hundn'd, is invariable. 

Tlu^ contraction of it no and rivnto to an and 
cien have already beim explaiiuHl. 

Ciento and mil arc never preceded by an. but 
one million is always an millon. 

Tens of hundreds cannot bt^ used in reading 
Spanish figures, the year nineteen hundred and 
Eve can only be expressc^d as mil norteimtos tj 
cinco, one thousand nine hundred and five. 


Ordinal. Tlu^ ordinal numbers denote rank 
or order, as in English, 


1st, primero 
2nd, segundo 
3rd, tcreero 
4fh, ouarto 
5th, quinto 
6th, sexto or scsto 
7 th, septimo or set i mo 
Sth, octavo 
Otii, none or novibio 
10th, deeimo 
11th, undeeimo 
12th, duodecimr) 

13th, decimo tereio 
;14th, deaimo cuarto 
IS% dWmo quiato 
decimo 


17th, decimo septimo 
IStli, dtVimo octavo 
lOtli, decijiio nono 
20th, vigesimo 
‘21st, vigesimo priino 
22nd, vigesimo s^gtindo 
23rd, vigesimo tereio 
24th, vigesimo cuarto 
25th, vigesimo quinto 
‘2Gtli, vigesimo sexto 
(sesto) 

‘27th, vigesimo sep- 
timo (setiino) 

28th, vigesimo octavo 
29th, vigesimo nono 
30th, trig^iiuo 


31st, trigesimo priino 
40th, ciiadragesiiuo 
50th, quineai agesi mo 
60th, si^xagesimo 
70th, septuagesimo 
80th, octogesimo 
90th, nonagesimo 
100th, centi'jsimo 
10 1st, eentesimo prinio 


‘200th, du eentesimo 
300th, trecont6simo 
400th, cuadragentesiiu. > 
500th, quingentesimo 
GOOtli, scxcentAsimo 
700th, septengontesimn 
sooth, ociogcnlesinio 
900th, nonagesirnn 
1 ,000,000ih milesimf> 


All the ordinal numbers agree with the noun 
in gender and number, following the general 
rule of adjectives ending in o. 

CoLLEtTiVKS. ( 'olleefives an* numeral sub 
stantives I'xpressing a d(‘liniti' quantity : 

vn par, a couple ; ana vrintma, a sco?’(* ; 

ana decada, a decacb' : ana (jai an na, a fortniglit ; 

ana don na, a do/cai ; ana (jracm, a gros,s. 

Fuactioxs. Fractions are expivssed by the 
ordinals up to ten and afterwards assume the 
eliding aw ; plural, avos. FiXumplos; !, an 
ifainto I vn dirimo ; j'j, an onzavo; tres 
dozuws. 

Half as a noun is la mitad, but an medio is used 
in calculation. La mitad dc an pan, the lialf of 
a loaf ; an pan y medio, a loaf and a half. 

Min/nruJCATiVKS. ]MuIti]>lieatives answf'r the 
question. How many fold ? Dohle, daplo, double 
or twofold; triple, triplo, tripU* or threi'fokl ; 
raadraplo, fourfold; qaintaplo, liv(‘fold: devapfo^ 
t(‘nfold ; renlaplo, a hundredfold. 

Ti.ME. 'I’he time of day is expressed by the 
c-ardinal numbers with the detinite article in tin* 
feminine, horati being implied ; 

Que hora es ? L.t hi nna. What time js it ? 
It is one o'clock. Son las cincoy it is five o'clock; 
d las dos, at two o’clock. 

Date. The day of tlu^ month is oxjirossefl 
by the cardinal number and dehnite article in 
the masculine, dia being implied. 

El diez y sds de ayosto, the IGth of August ; 
el cinco dc enero, the 5th of January. 


Vocabulary 

Commerce 
A desk 
A banker 
A partner 
The liank 
A broker 
A stockbroker 
A contract 
A cashier 
A mercihaiit 
A bookkeeper 


Vocabulario 

COMERCIO 

l^n bufete 
Ibi banquero 
Un sooio 
El banco 
Un corredor 
Un agente de cambio 
Un contrato 
Un cajero 
Un negociantc 
Un tenedor de libro8 
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A ol.'rk 

A receipt 
A postage-atamp 
A share 
A shareholder 
An insurance 
'fhe fall 
The rise 
Stock-jobber 
Stockbrokc'r 

A bill 

A hill to order 
An account 
riu' corr(‘apondence 
A let ter of credit 
A loan 

An endorscin«‘nt 
The discount 
An invoice 
Th(^ freight 
A letter 
A ri'payment 
To sign 
A company 

A joint-sto< k company 

'I lie sale 
Wholesale 
To sell 
A banknote 
A pound sterling 
\ cheque 
A gold piece 
A shilling 
A c(‘ntinie 
A league 
A foot- 

A cuhic foot 
An inch 
A ton 

Timk 
A n hour 

The hour has sixty 
minutes 

The minute has sixty 
seconds 

^riie day is eomf) 0 ,sed 
of tv.enty-four hours 
The year is composed 
of twelve months 

Tm«: Arts 
Drawing 
Painting 
Engraving 
tSculpture 
fcJinging 
Elocution 
Music 

A draughtsman 
A paintc r 
An engraver 
A sculptor 
A singer 
An actor 
' A musician 
The pencil 


Un dependientn 
Un recibo 
Un sello dc correos 
Un accion 
Un accionista 
Un seguro 
La l)aja 
La alza 
Agiotador 
Agiotista 
Un pagaro 

Un pagare a la orden 
Una cuenta 
La correspondencia. 

Una carta dc* crtnlito 
Un einpr6tUto 
Un endorso 
El descuento 
Una fact lira 
El ttete 
Una earta 
Un rcembolso 
Firmar 

Una compahia 
Un Bocic'dad c'n coman- 
dita 
venta 

La vc*nta por mayor 
Wnd(‘r 

Un billete dc^ banco 
ITui libra (‘sterliiia 
Un cheque* 

Una inoncda de oro 
Un chc'lin 
Un ccid imo 
Una Ic'gua 
Un pic* 

Un ])ic* cubico 
Una pulgacla 
Una tonelada 

Tikmpc) 
l^na bora 

La bora lienc sesenta 
minutos 

El minuto lit*ne ses(*nta 
segundos 

El dia sc compom; dc* 
veintc y cuatro boras 
El ano sc* compone do 
doce mc*sc*s 

Las Artes 

El dibujo 
La pintura 
La grabadura 
La escultura 
El canto 
La declamacion 
La musica 
Un dibujantcj 
Un pintor 
Un grabudor 
Un sculptor . 

Un cantante 
Un actor 
Un musico 
£1 laplz 


The brushoa 
The burin 
The chisel 
A tenor 
A baritone 
A bass 
A soprano 
A contralto 
The opera. 

The Italian opera 
"I'he German opera 
The F rench opera 
A music'al comedy 
A tragedy 
A drama 
A farce 
A eomf‘dy 

A comedy of manners 


Li^s brochaa 
El buril 
El ciriscl 
Lhi tenor 
Un baritono 
Un bajo 
Una soprano 
Una contralto 
La c>pera 
La opera ita liana 
La opera alemana 
La opera francesa 
Una zarzuela 
Una t raged i a 
Un drama 
Un sainoto 
Una corned ia 
Una comedia do costum- 
bres 


Exercise VI. (1) 

Translate the follow ing into Spanish ; 

1. Tlu* banker and his partner are talking 

c'stan hablando 

with the broker about the c*ontract. 2. 'Phe 

con acerca 

lx)okkcep(*r is making [up] the areounts for the 

haci(‘ndo 

end of [the] year. This gc*ntleman has a 

fin cabal IcTO ticnc^ . . 

letter of credit upon our house. 4. I have a 

sobi e nuestra Tengo . . 

bill to ordc*r for £10,000 sterling. 5. To be a 

Para . . 

good painter, c*ngra ver, or sculptor, it is neciessn ry 

buen c) . . . . es . . prcciso 

to be a gocKl draughtsman. 0. One* can be a 

Puedc^ uno . 

good music ian and not know liow to sing, and 

saber 

sing \\ell without l)c*ing a musician. 7. ^I’bc 

sin . . ser 

Spanish music'al comedies are pretticT than the 

bonitas 

English. 8. Tlie Italian operas are more pleasing 

arnenas 

than the GcTinan, and the French are the gayesl . 
alc*grcH 

Exercuse Vr. (2) 

Translate tlm following into Englisli : 

1 . Quinientos joveiies, y (iuatrocientas mu jeres 

dejanm su native). 2. Un par do amigos 

left 

pelearon. 3. La compafua pcudic) un milion de 

quarrelled lost 

duros. 4. El banco se abrira el primero del aho. 

will open 

5. El empre'-stito se pagara cl dia octavo 

will bo paid 

del mcs. f>. El dependiente ha escrito cien 


voces. 7. Dame la mi tad dc un pan. 8. Dare 

times . . Give me I will give 

seis panes y medio. 
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PROSK EXTRACT VI. 

From “ El Diablo (.‘ojuelo” (‘‘The Lame Devil’') 
by Iwuis Velez de Guevara. 

Don Cleofas and Don (’leofas y El 
THE J..AMK Devil VISIT Diablo Cojtelo visi- 
the Madhouse, tan la Casa dk I^ocos. 

“This is the mid- “ Esta es la easa 
house,” said the Lame de los loeos, dijo el 
Deyil, “ lately institu- Cojuelo, que ha poco 
ted in thi^ capital a- sc iiistituyo en la oorte, 
mong certain charit- entre unas obras pias 
able works left by a que dejo un hoi»ibre 
very rich and v(Ty muy rieo y miiy 
wise man, wher<i they ouerdo, donde se cas- 
punish and treat forms tigan y <‘uran lo- 
of madness not hither- euras que liasta ahora 
to ae<!Ounted such.” no lo habian pan'cido." 
“ 1^‘t us go in through “ Entremos dentro, ' 

this open wicket,” said dijo don (Meofas, 

Don Cleofas, “ and “ ])or aquel jiostiguiUo 
SCO this novelty in mad- que esta abierto y 
men.” Suiting the veamos esta novedad 
action to (h(‘ word, de loeos.” V' dieiendo 
they passed in one y haeiendo, s(‘ entrsiron 
aft(T the otluT, and los dos, iino tras otro, 
going through a porch pasando un zaguan 
where some of the eon- donde estaban algunos 
valescents were begging de los (*onvaleeientes 
alms for those wlvo jadiendo limosna para 
were raving mad, they los que estaban furio- 
reaehed a scpian' court- sos, llegaron a un patio 
yard sun’ounded by euadrado, eercado <le 
small cells. At the eeldas pcquehas. A la 
door of one of tlumi a puerta d(* una de el his 
man, very well dressed, estaba un liombre muy 
was seatt'd on a laMieh, bieii tratado de vestido 
writing on his knees, escribiend<» sobre la 
without raising his rodilla y sentado (ui 
eyes from the papiu*. una baiiqueta sin le- 
“ This,” said tht‘ Lame vanlar los ojos del 
Devil, “is a mad re- papel. El Cojtielo dijo: 
former, who took to “ Aquel es un hw-o 
saying that the value arbitrista que ba dado 
of the farthing should eii decir que ha de 
be reduced, and he has haeer la redueeion de 
written more sheets of los euartos, y ha es- 
paper on the subjec-t erito sobre oso mas 
than were taken up by liojas do papel que tuvo 
the trial of Don Alvaro el pleito de don Alvaro 
de Luna.” “(tood de Luna.” “ Bum 
luck to whoever brought haya qui(*n le Ira jo a 
him here,” said Don esta easa, dijo don Cleo- 
Cleofos. “ These are fas, que son los loeos 
the worst midmtm in mas perjudieiales <le 
the kingdom.” la rejaiblica.” “ Ihi 

(\mt 


** In that other little csotro aposcntillo Hon.) 
lodging full of papers de papeies jr Jibros. 
ami books,” continued prosiguio el Cojuel<*, 
the I..ame Devil, “is “estii un gramaticou 
a great grammarian que perdio el jiiion 
who lost his wits try- buscandole. a un verbo 
ing to find the gerund gviego el gerundiu 
of a Greek verb. The Aqmd que esti a la 
man at the door of the puerta de esotro aj)o 
other cell, with a knap- entillo con unas alfoi- 
sack on his shoulder jas al hombro y en ca! 
and white breeches, zon bianco, le han 
was brouglit here be- tra'do porque sientlu 
cause, being a comdi- cochero que anduba 
man and alw».ys used siempre a caballo 
to riding, be engaged tomo ofioio de corre.) 
liimsclf as a running de a pie.” 
footman." Continued 

Key to Exekcise V. (1). 

I. Vamonos de viaje, empaquete la malela 
y el mundo (‘on cuidado. 

*2. A que bora se ha ordenado el carruaj(‘ ? 
Para las echo. 

Q.iuen va a tomar los billeles ? El courrio' 
los Vta a tomar. 

4. Se ha reservadu el eompartimiento V 
Si S(‘h<u\ 

0. A que hotel iremos ? Al hotel Bristol. 

(>. De tornado billetes para hi opera. 

7. De eomprado dos vestidos dt' seda. y line 
d<‘ paho, fue despues a la pastelerui, a conuT 
unos pasteles delieiosos. 

8. f^iimos iifortunados de obtener una audi- 
eneia privada del Papa. 

9. El Key y la Reina son muy amables. 

J(l. Demos gast ado mueho ; contamos nueslro 
dinero. 

II. Me alegro de volvor en easa; estoy 
cansada ; luiy que desjiedir el courrier. 

Key to Exercise V. (2). 

1. 'rbai man is rich, but his brother is richer ; 
lii.s father is very rich, and his uncle extremely 
rich. 

2. That woman is amiable ; her sister is very 
amiable. 

,*1. Twove is ardent ; it is very ardent sometimes. 

4. The stars arc bright ; the sun is very bright. 

5. The horse is strong ; the mule is very strong. 

H. Deatli is cruel, very cruel. 

7. This statue is old, very old. 

8. Socrates was very wise. 

9. That child is small, this one is smaller. 

19. This man is w ise, but his father is superior 
in Avisdom. 

tim’d 


ITALIAN 

Possessive Adjectives 

il mio (masc. plur. niiei), my, mine 
il tuo (masc. plur. tuoi), thy, tliine 
ilsuo (masc. plur. moi), his, lier, hers, its 
U noM>roy our, ours 
. it xxistro^ your, yours 
il htVf their, theirs 
aUrui, oth^ people’s. 
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By Francesco de Feo 

The feminine and plural of mio, tuo, sno, 
nostro, vostro (except the irregular plurals mieu 
titoi, siioi — pron. mee-^h-ee, too-dee, soo-dee), are 
formed regularly ; la mia, le ?nie, la sua, le sue, 

* vostri, h vostrt, etc. Loro is indeclinable. The 
preiieding article denotes gender and number, as ; 
il loro giardino, i loro Ubri, la loro easa, le hro ' 
sorelle, AUrui {ahldroo-ee) is ako indeclinable; 
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D'in 'purlare degli affari cUtrui, Do not apeak of 
nther people’s business. 

The possessive adjectives in Italian do not 
.:grce with the possessor, as in English, but 
uhvays with the thing possessed. This rule pre- 
sents no difficulties, as it requires only that the 
possessive adjective should agrt^e in gender and 
number with the noun to which it belongs, 
whether expressed or understood. iRxamples: 

vende la sua cam, ho sells house; 
rende il suo giardino, she sells her garden ; io ho 
prrdnto il rnio danaroy e M.9a ha trovafo il .sf/o ; 
1 have lost my money, and she has found hers. 

The possessive adjectives are always proe<‘dc*d 
l>y the article. Yet the article of the possessives 
{Joro excepted) is omitted before the words ptdre 
and madre^ and before nouns indicating dignity, 
;•> ; mio iHidre^ iH^stra nmdre, /nm ^^aestdt msfra 
Eccelhvza. 

'J’he article of the possessives may also be 
omitted when they preetde a noun indicating a 
near relation in tlio singular, as : mio fralello or 
il min fratiilo ; nostra sorella or la nostra sorella. 
Ihit in all the preceding cases, if the nouns an^ 
in the plural, or precede the possessive, or are 
inodilied by another adjective {questo, codesto, 
(Hallo exeept<‘d), the article is indispensable 
/ mii^i zti, le. mie sorelle, le rostre madri, le vast re 
Maesld, il mio iw'hio [mire, la mio, huona madre, 
(Hut : questo mio lihro, quel mstro amiro, etc.) 

article must always be used before loro^ 
as : il loro jxidre, la hro madre, il loro zio^ etc. 

Expressions like “a friend of mine, of his, of 
yours,” etc., are tran8latc*d into Italian by un min 
amiro, nn siio amico, un vostro amiro (a my friend, 
a his friend, etc.). 

Note. Generally, the possessives are not so 
much used in Italian as in oOu'r languages, the 
determinative article having jdso a possessive 
meaning, as : Datemi il hasfonr, give me mg stick 
(and noi that of someone else). 

Exercise XIV. 

/irimo (preemo), first 

mmeriere {cahmeh-ree-ehrch), waiter 

nasrita {nahsheetah)^ birthday 

vonno, grandfather 

oltanta^ eighty 

anm^y year 

'fjotria {j)ah'lree-ah)y native country 

il migliore {meelee-dreh)^ the best 

ini'idioso {een-vee-deedso), envious 

preso {prehso)y taken 

aperay (she) hopes 

di chi ? {dee kee ?), whose ? 

aver ragione (rdh-dgee-dneh), to be right 

aver torto, to be wrong 

aver . . . .anni, to be years old 

qnarUi anni ka. .*t How old is. ... ? 
mio figliu ha died anniy my son is ten years 
old (literally, my son has ton years). 

1. Mio padre e mia madro. 2. Sua ^laesta 
“ Altezssa Realc. 4. Le loro 

Maesta. 5. Il loro zio 6 primo camcriere d* onoro 
di Santit^ Pio X. (d^imoy pron. dehchcemo). 
A 11 ^ comprato un bel regafo per la nascita 
della mia soreUa. 7. Il mio nonno ha ottan- 
t anni. 8. Questo cappello non d il mio ; voi 
avete preso il mio 0 io ho preso il vostro. 9. 


I libri sono i nostri migliori amici. 10. Codesto 
vostro amico 6 mol to gentile. 11. Il mio danaro 
6 buono come il vostro. 12. Essi hanno ragione, 
nVa io non ho torto. l,*l. Sua madro spora di 
dssero a Parigi stanotte. 14. Non essere invi- 
dioso della fortuna altrui. 1,5. Solo inemici della 
tua patria siano i nemici tuoi. 10. So avdssimo 
avulo tempo saremmo andati a teatio con vostra 
zia. 17 . Col vostro aiuto speriamo (we hope) 
di avere indiet ro i nostri danari. 

Indefinite Adjectives. The indefinite 
adjectives arc : 

ogni (dnee-ee)y every, each, all 

{oono)y a, an (.see indefinite article) 
alr.uno {ahlcf)djw)y some 
talnno {tahlodno)y some 
ciascmio (chee-ah8Codno)y each, every 
certo {chehrto)y certain 
nessuno {nehssodno). no 
niuno (nee-odno). no 
7iullo {noollo)y no 

The following are indefinite adjectives of 
quanfity : 

puce, little 

qualche (kooahl-keh). some 
ahptarUo {ahlkoodhnto)^ a little 
par ec chi {pahrchkee)y several 
tantoy so much 

quanfn {koodhnto). how much, as 
altrettanlo (nhUrehtt(ihnto)y as much 
vudioy much 
tropjHty too much 
tuttOy all, the whole 

1. Ogni (h.'forc any vowel, also ogn") is inde- 
clinable, and nov’er takes the article. It is used 
only in the singular, before masculine or feminine 
nouns. Examph' : Ogni cosOy ev(?ry thing ; 
ogni norm) (or ogn' unrno)y every man. 

2. Unoy whii'h is really a numeral adjective, like 
other adjectives, may be used as a substantive, 
and then it im'ans one, a person. Example : 
Quando iino e pruntoy etc., when one is ready, 
etc. ; gnando nno non ha danaroy when one has 
no money. In this sense it has also the plural : 
gli uniy le vne. OH uni. le unvy and gli altriy 
le aUrc arc often (H)rrelative, as : Gli uni dkerano 
biancoy gli altri nero. Some (ilui ones) were saying 
white, some (the others) bUuik. 

tb L'lm eon I'aUrOy Vuna con I'nUray gli uni con 
gli allriy le nne con le alfrCy are reciprocals, and 
mean one another. 

4. Cia^^cunoy nessunoy qualrhey are only used 
in the singular. Examph': Ciascuna. c>as(i. cjicli 
liouse ; nessuna donnoy no woman ; qualche 
soldutoy some sohlicu’s. 

5. Niuno and nnllo are no longer used as nega- 
tive adjectives. The feminine nulla is met with 
in the ])roverh: Nulla nova huona notVy no news 
(is) good news. Nullo is now used with the 
meaning of void, useless. Example: Contralto 
nnlloy a void contract ; ogni sforzo e nulloy every 
effort is useless. 

0. TutlOy as in English, may be followed by the 
article : In tutto il mondoy in all the world ; 
tvUi gli u&mini, all men ; hdle le cose (or tutte 
cose)y all things, everything. 

7. Certo may be preceded by the indefinite 
article, as : Un certo signor Tale, a certain Mr. 
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So-and*so ; certe ragioni, certain reasons ; cerli 
iidmini di male affare^ ccrttiin in>dtsj>OHe(l men. 

8. Parecchi, e, may be 8ul)Ktitutcd by the. 

qualifying adjectives mn’o, as; Parhrhie 

ore, or mrie ore, or diverse ore, several hours. 

9. Tanto and quanto are often correlative. 
Example : Fossa tu qodere. tanto, quanto io ho 
sofferto e soffro, Mayst thou rejoice as much as I 
have sufTered and am suffering. 

ExKRCf.SE XV. 
capitolo (eapeetolo), (•hapter 
rornanzt^ {romhhidzo), novel 
sWiglio (sbahleea), mistake 
difetto (deefehtto), fault 
prdpriit {prdpreeo). own 
gusto {gtjosto), ta-^te 
efjeito {ehffelto), elf(‘ct 
atnm {aih-oo-sah), cause 
rispetio (reespf'hUo), respect 
riescono {ree-i‘hscon4j), they succeed 
rivere {veh^ehreh), to live 
dMono (dihhbono), they nmst 
anuire. (ahnuthre). to love 
meritare {mehreetahreh), to d(‘scr\t‘ 
senza {sekndzah), without 
henc {hckneJi), well 
qiiindi (ko^j-eendee), tlienffon* 

1. Qualche capitolo. 2. Qualehe romanzo. 
.*1. 'Froppi sbagli. 4. Quanta gtuite ! o. Ogni 
sera. 0. Ogni uoiiio ha i suoi difetli. 7. I'n 
signore ha mandabj div(‘rsi rcgali per la signorina 
Maria. 8. Con poeo danaro certe persone 
riescono a viver bene. 11. (riascun uomo ha i 
suoi propri gusti. 1(1. Tutti gli uomini souo 
fratelli e quindi deblKmo amar.si gli uni con gli 
altri. 11. Cli uni dicono chc abbiamo ragione, 
gli altri chc abbiamo torto. 12. Ogni cfTelto 
ha le sue cause e nt‘ssuna causa e senza etfetto. 
18. 11 mio fratello e la mi a sorella sono andati 
in campagna ; il nostro vecchio padre e sempre 
in casa ; qualche amieo rimanc con lui ogni 
sera. 14. Dove sono i vostri amici V 1.7. 
Alcuni in Francia, alcuni in Italia. 10. Ogni 
ragazzo avra un rcgalo. 17. Sc Favvooato jion 
avra il siio danaro in un certo tempo, il contralto 
sarA. nullo. IS. Oerti uomini eredono (think) 
di meritar tutto il nostro rispetto, solo jierclu^ 
hanno mol to danaro. 

( ’ONVERS.AZION E. 

I'late.mi (give me) il eappcllo e il bastone 

])ov(‘ sono ? 

Co7 

FRENCH 

THE VERB 

Ceneral Remarks 

1. The various changes or moditicalions 
that constitute the conjugation of a verb depend 
on number, person, tense, and mood, 

2. There are two numbers, singular and 
plural.^ 

. 3» Bach number has a tirst, a second, and a 
person. ; 

There ai;g three principal tenses, the 
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Sono neir altra stanza. 

A vote visto (seen) mio fratello ? 

Era qui poeo fa (a little while ago) ; sar.i 
andato a teatro col signor Giorg.'o. 

Quant i anni hai ? 

Avro dieci anni a Nat ale ((ffiristmas). 

Di chi ^ qiicsto portafogli ? 

E mio ; dov’ era ? (where was it ?) 

Era 811 la tavola, nella camera di nostro padre. 

Avctc riceviito lettere dai vostri amici ? 

lo no ; lo mie engine hanno ricevuto una 
cavtolina postale (jmstcard). 

Iaj nostre amichc hanno una bella casa. 

Si ; la loro casa e molto grande, e vero ; ma la 
nostra e molto pin comoda (much more con- 
venient). 

Key to E.xercise Xll. 

1. while house. 2. The white Know. 

.*1. The cold winter. 4. A black coat. ,5. Rhvk 
hair. b. 'Fhat girl has blue eyes and fear hair. 
7. In t}u‘ large street on the right there is a 
very line palace wu'th green windows. 8. Rich 
])oople always h.ive faithful friends. 9. 
lion and the tigi'r jire lierec animals. Id. 
Brother Christopher ])ad a Jong white beard. 
11. The trees arc loaded with fruit. 12. In 
the world there are good peo))le and bad. 18. 
(Jreen, while, and r«al a’*o the cjolours of the 
Italian Hag. 14. Diir house is in St. Andrew's 
Street. 1.7. 'File daughter of the landlady has 
beautiful eyes but ugly hair. lb. The day» are 
long in winter and short in sununer. 17. U’he 
boys and the girls have gone to bed, because 
they were very tirt'd. 

Key to E.vp;Rf;isE XTTI. 

1. 'Fhis luggage, not that. 2. Those flowers 
arc for you. .8. Those words (of yours) are very 
kind. 4. We have both said the same thing. 
,7. 'Fhose boys hav(' m> paper, b. These houses 
and those gardens arc of (belong to) an English- 
man. 7. 'J^he hotels in this town arc not very 
conveniont. 8. Those pict ures and those statues 
are the w'ork of a great artist. 9. How much did 
you ])ay for that stick ? It is very nice. 10. T do 
not answer, bocaiiso those discourses do not 
interest me. 11. 1 put the letter in the po.st 
myself, yc-t the lawyer has said that ho has not 
received it. 12. These fruits are not ripe ; they 
arc not the same you sent home this morning. 

'in tied 

By Louis A. Barbe, B.A. 

present, the past, and the future. Some of 
these admit of subdivisions, m consequence of 
which there are altogether eight tenses ; (a) the 
present ; (6) the imperfect, the past definite, 
the past indefinite, the past anterior, and the 
duperfect ; (e) the simple future, and the 

uture anterior. 

5. The tenses are (a) simple, or (6) compound. 
The simple tenses are tho.se that do not require 
the help of an auxiliary verb. The compound 
tenses are tho.se that require an auxiliary verb. 
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r». There are five moods : the indicative, 
the conditional, the imperative, the subjunctive, 
and the infinitive, which includes the present 
participle and the past jiartieiple. 

7. There are two auxiliary verbs: Jlwm’, 
to have, and fltre, to be. 

S. Avoir' helps to conjugate its own com- 
pcuind tenses, those of those of all active 
transitive verl)s, and those of most intransitive 
verbs. 

9. fltre helps to conjugate the passive voice, 
which has really no conjugation of its own, and 
simply consists of the lenses of etre. with a past 
j)artieiple added to them. 

Avoir, to have 
Indicative. 

(a) Simph Te^isea. 

Present. 

I have, etc. 

mnis (irons 
vans ovez 

Us, elhs (tnt 
I m perfect. 

I had, etc. 

nous arions 
runs nrie.z 
Us, dies avuient 
Past Definite. 

I had, etc. 

710 us eumes 
ntus eutes 
Us, piles eurent 
F uture. 

1 sliall have, etc. 

') a u ra i 7iou s au rons 

tu auras vous aurez 

il, elle aurti Us, dies auront 


(b) C^inu/MOind Tenses. 
Past Indefinite. 

I have had, ete. 


fai eu 

nous avon'< eu 

tu as eu 

vous avez eu 

il. elle a eu 

ils, dies tmt eu 


PI u perl ecu 


I had had 

favais eu 

nous avitm'f eu 

hi avais eu 

vous ftriez eu 

il, die. mail ( 

?u ils, dies avaient eu 


Past liter inr. 


I had had, etc. 

feus eu 

nous eumes eu 

tu eus eu 

vous eutes eu 

il, elle eut eu 

ils, elks eurent eu 


Future Anterior. 

I shall have had, etc. 

'jaurai eu 

nous aurons eu 

hi auras eu 

vous aurez eu 

xl, elle. aura eu ils, files anront eu 


Conditional. 


Present. 

1 should have, etc. 

y aurais 

nous aurions 

hi aurais 

vous auriez 

il, elle aurait 

ils, elles auraient 


Past, 

I should have had, etc. 
faurais eii nous aurions eu 

tu aurais eu vous auriez eu 

i7, elle aurait eu ils, dies auraient eu 

Imperative. 

Present. 

Ate, have thoii 

qu'U, (/u'dle ait, let him, her have 
ayons, let us have 
ayez, have ye 

qiCih, qu'elles aient, let them have 
SiJ B.I iJNcrnvE. 

Present. 

That I may have, ete. 
que. j'aie (jue mnis ayons 

qne tu aies que nms ayez 

quit, quelle ait qu'ils^ qidelles aient. 

Pa.^t. 

7’hat I may have had, ete. 
que faic eu que nous ayon^ eu 

que tu aies eu que i\ms ayez eu 

qu'il, quelle ait eu qu'Us, (ju files aient eu 
Imperfect. 

That I might have, ete. 
que j'eusse que nous eussums 

que tu eussi's que ivus eussiez 

qu'il, qu elle eiit qu ils^ qu'dles eussent 

PI u perfect. 

That I might have had, ete. 
que feusse eu que nous eussion^ eu 

que tu fusses eu que vous eussiez eu 

qu'iU qu'dle eiit eu quils^ qu'dles eussent 
eu 

Infinitive. 

Pre.'icut. Past. 

Avoir^ to liuA'c Avoir ew, to have had 

Partktples. 

Present Past, 

ayantj having eu (m.), eue (f.), had 

ayant eu, having had 
' Note 1. The impcTative has no third person, 
singular or ])hira], of its own, but horrow's it. 
from the pn'sent of the Bubjunctiv(\ The 
iiuperfc/Ct of the subjunctive ; feusse eu, etc., 
is used as a S(‘eond form of the past con- 
ditional. 

Note ‘.i. Tlu^ verb awir and a noun are 
used instcnid of “ to he ” and an adjective in 
the follow ing exprc'ssions : 

avoir besoin de, to he in need of 
nt'oir faim, to ho hungry 
imnr soif, to 1x5 thirsty 
avoir ehaud, to be warm 
avoir froid, to be cold 
aimr raison, to he right 
avoir tort, to he, wrong 
avoir honte de, to be ashamed of 
awir somyneil, to ho sleepy 
avidr peur de, to be afraid of 
Note 3. When awrir ehaud and avoir froid 
are used of parts of the body, the dehiiite 
article is used, and the construction is as follow.s : 
fax ehaud aax mains et froid aux pieds, my 
hands arc warm and my feet arc cold. Avoir 
ehaud and avoir froid express the sensation 
of warmth and cold, and are never used of 
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fat 

tu ns 
il, die a 


favais 
tu avais 
il, die arait 


feus 
tu eus 
il, elle exit 
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inanimate objects : cdle. eau est rhandfi, that 
water is hot; le the est froid, the tea is cold. 
“ To have a cold ” is aimr an rhume, or etre 
enrkmne. 


Ne pas avoir, not to liave 
Indicativk. 


PreMtU. 

je rCai jhis^ etc. 

Imperlect. 

je iiavatM pas, etc. 

Past. De'linite. 
je rCtm pas, etc*. 

FiUure. 

je rCaarai pas, c^tc. 

( 'OXOTTION AL 

Present. 

je 71 a amis f ms, etc. 


Past Indefinite, 
je n'ai ftas ea, etc. 

Pta perfect. 

jc namis /ms ea, c‘to. 

J*ast A nterior. 
je n'eas /ms ea^ etc. 

Fat a re Anterior, 
je tiaarai /ms ea, et<*. 


Past. 

je n'aarnis /xis ea, etc. 


Tm CKRATIVE. 

Present, 
naie /ms. 

ga'il nait /ms, qa'elle unit /ms. 

7ia{/o7is /ms. 
naj/ez /xts. 

qa'ils naie.ni /m-s, t/a'elUs n'aieni /xts 
SlTH.1 rxcTiVK. 

Present. Past, 

t/ae je 71 aie pas, c^tc. qae je n'aie fats ea, etc. 

Imperjecl. Pta /a r feet. 

(/ae je. ne.asse /ms, (‘to. qae je a,' easse /tas ea,v{e- 
Infinitive. 

Preaenl. Past, 

ne past amir ne /xis avoir eu 

Pahtktfi.e. 


Present. Past, 

nnyant ‘/ms n'ayanl /xis ea 

Wlicn a verb used ncj'utively is in tlie infinitive 
the two parts of tlu*. negation, ne /ms, remain 
together and come b<*fore the verb. 


Avoir, conjugatc'd interrogatively. 
Indicative. 


Present. 

*ai-je ? 

ii-t-il, ad-elle ? 

I m/ier feet, 
avais' je 

Past Definite, 
eas-je ? 

Fatare. 
anrai-je ? 

aara-t-il ? aara-t eUe ? 


Past hidepnite. 
ai-je ea ^ 

a-i il ea t a-f-etle eu P 
PI a per feet, 
arais-je ea 

Past J nterior. 
enS’ je ea ^ 

Future Anterior, 
narai je ea ^ 
aara-t-il eu. ? aara-t- 
eth ea ^ 


Present, 
aarais’je ? 


(ViNurnoNAL. 

Past, 
aarait’il ea ? 


Avoir, conjugated interrogatively and 
negatively. 

Indicative. 


Present, 
n ai-je im.s ? 
Wa-i-il /ms ? 
rda-t-elle pas ? 

Imperfect, 
nf-ttvais-je /ms? 

Past definite, 
.^eus-je pas ? 
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Past Indefinite, 
n ai-je pas ea ? 
na-t il /ms ea ? 
na-t-elle /xis eu ? 

Pluperfect, 
itavais-je /ms eu ? 

Pak ArUerior, 
iCeuS'je. pas eu? 


Future. 

naurai-je pas ? 
naura-t-il pas ? 
kC aura-t-elle /ms ? 


Future Anterior, 
n'aurai’je pas eu ? 
n^aura4-il pcis' eu ? 
n^anra-t-elle pas eu ? 


( 'ONDITTONAL. 


Present. 


Past. 


71^ aura is- je /xis? n'aurais-je pas eu? 

Y Avoir, there to be. 
Indicative. 

Present. 

il // a, there is, there are 
il 71 !/ a. /ias, there is (are) not 
1 / a-t-il ? is (are) thc?re ? 
w’// a-t-il pas ? is (are) tlu^re not ? 

Past Indefinite, 
il // a eu, there has (have) been 
il riy a pas ea, there has (have) not been 
// a-t-il eu ? has (have) there been ? 
n y a-t-il /xis eu ? has (have) there not been ? 
/ in perfect. 

il y avail, then* was (were) 

il idy avail /ms, thcTC was (were) not 

y avait-il ? was (were) there 'i 

n y avait-il /ms ? was (were) there not ? 

PI a perfect, 
il y avail ea, there had been 
it n y avail /xis ea, there had not het^n 
y avait-il ea. ? had there* been ? 
id y avait-il /xis ra ? bad there not heem ? 

Past Definite, 
il y eat, tlierc* was (were) 
il rdy eat /xts, tliere w'as (were) not 
y eai-il? was (were) there ? 
n?y eat-il /xis ? was (w(‘re) there not T 

Past .1 nlerior. 
il y eat ea, theu’e had been 
il ny eat pas ea, there had not been 
y eat-il ea ? had tliere been ? 

/!.’// eat-il /ms ea ? had there not beam ? 

Future. . 

il y aura, tliere will be 

il riy aura /)as, there will not he 

y aara-t-il, will there he ? 

ii y aara-t-il pas ? will there not be ? 

Future Anterior. 

il y aura ea, there .will have been 

il tdy aura pas eu, there will not have been 

y aara-t-il ea ? will there have been ? 

n'y aara-t-il /ms ea ? will there not have henm ? 

t’ONDITIONAT,. 

Present. 

il y aarait, there would he 

il ny aarait /xis, there would not be 

y aarait-il ? would there be ? 

n'y aarait-il /xis ? would there not be ? 

Past. 


il y aarait eu, there would have been 
il n'y aurait /ms ea, there would not have been 
y aarait-il eu ? would there have boon 1 
n y aarait-il pas eu? would there not have been ? 
Subjunctive. 

Present. 

quit y ait, that there may be 
qu'il n'y ait pas, that there may not be 
Past. 

ipFil y ail eu, that there' may have been 

n'y ait pas eu, that there may liot have been 
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Imperfect, 

nii'il y eUt, that there might b© 
unil n'y ent jkxs, that there might not be 
Plupe7'fect. 

quil y euf. eu, that there might have been 
qii'U n'y eUt jms eu, that there might not have been 

Idiomatic Uses of Avoir. 1. Y f??w 
is used with the meaning of “ to be the matter " : 
(jii'est-ce qu it y a ? or simply qu'y a-t-il ? what 
is the matter? Avoir without y is used for 

what is the matter with (you, him, etc.) ? ” 
y^Hd-t-elle? or qii-est~ce quelle a? What is the 
matter with her ? Qu avez-vona? or q%Cest-ce que 
rods avez? What is the matter with you? Je 
v'ni rien, Nothing is the matter with me. 

2. Instead of “ to be,” and the adjective 
“ old,” avoir and the noun dye are used in 
Kroncli in asking or tolling the age. The word 
ana, years, must always be used in the answer. 

Quel age avez-vous ? How' old arc you ? 

J'ai dix-huit ana, 1 am eighteen. 

Quel age avait-eUe ? How old was she ? 

kfle avail seize xina. She w as sixteen. 

3. Avoir helps to form the idiomatic eximMi- 
sions avoir l air, to look ; avoir envie, to feel 
inolinod ; avoir lieu, to take place ; atxnr 
aoin de, to take care of : 

II a lair de mauvaiae humeur. He seems to be 
in a bad temper. 

L( loup avail envie de la manger. The w^olf felt 
inclined to eat her up. 

Nona aurona him aoin de vos Hvrea, We shall 
lake great care of your books. 

ha premiere repreaenlation aura lieu demain 
aoir. The tirst performance will take place 
to-morrow evening. 

4. Avoir, with the adjective beau, forms an 
idiomatic expression which is j^aced before a 
verb in the iiitinitiv<' to indicate the uselessness 
of the action expressed l)y that vcuii : 

Nous nuro7ia beau dire, on ne iwua vroira jxta. 
It will bo no use our saying anything (we may 
say what we like), we shall not be btiieved. 

J'ai beau iui parler, rest compile at je chantaia. 
It is no use my speaking to him, T might as well 
sing (it is as if T. wore singing). 

5. II y a not only means “ ago,” but is also 
applicable to future lime. It is also used with 
H verb in the present instead of the English 
])erfoe,t, or in the imperfect instead of the 
English pluperfect, to express an action or 
state, begun at a past time and still going on : 

Je V ai vu il y a quinze joura, I saw him a fort- 
night ago. 

II y avail troia moia que nous eliona d Paris, 
We had been in Paris three months. 

II y aura demain knit jours que nous sommes id. 
We shall have been here a week to-morrow'. 

II y a une heure que je voua attends, I have been 
waiting for you for the last hour. 

II y avail une heure que je Valtendaia, I had 
ieen waiting for him an hour. 


Exercise XXI. 

•n vfeTG afraid of us, but they will be 

»till {encore) more afraid of you. 

2. Are they not ashamed of their conduct ? 

3* W© sliould be right and you would be 
wrong. 


4. We have been very (bien) cold. 

5. Was there not anyone in the house ? 

6. How' old is that child ? 

7. He will bo twelve n<‘xt month. 

8. He is a little more than tw'o j^ears older 
than his sister. 

9. Are you veiy {biei}) hungiy ? No, thanks 
(rnerci), but 1 am veiy thirsty. 

10. If there were no tire we should bo very 
cold. 

11. i\ty hands have never been colder. 

12. Will you not be too w arm so near the fire ? 

13. I was sixteen a fortnight (15 days) ago. 

14. What w as the matter w ith those ehildreii ? 
They were afraid of that big dog. 

15. They would have been less afraid of the 
cat than of the dog. 

16. When did the first performance of the 
comedy {corned ie, f.) take place ? 

17. It took place a little more than .six 
months ago. 

18. If you require a dictionary, take {prenez) 
mine, but take great {bieu) care of it. 

19. We have been w'aiting for you for the last 
ten minutes. 

20. It will be no use your talking; you will 
not be believed. 

Key to Exekcisk XX. 

Quels sont les prinei])aux aliments qui servent 
a la nourriture de riiomme ? (V sont le pain, 
la viaride, la volaille, Ic gibier, lo poisson et les 
legumes. Qu(‘ll<‘ est la ))Iante quo Ton eultivo 
pour eii faire le pain ? (Test le ble. (^ui est-ce 
qui cultive le ble ? Les paysans le cultivent. 
Quelles sont l(‘s j)rinci[)alcs espeoes dc ble ? 
(/© sont le froment, Torge, Tavoim* et le scigle. 
C^ui .sont coux qui fauchent le ble ? Les mois- 
sonneurs. Avec qiioi ? Avec d(\s faux. En quoi 
ehange-t-on le ble pour en faire du pain ? En 
farine. Qui (*sf-ee qui change le bl6 en farine ? 
(Test le mounier. Qu'est-ce que o’est quhin 
moulin ? C'est la machine avee laquelle le 
meunier change le ble en farin<‘. (^irest-ec' quo 
la pate ? (”est de la farine delayec avec de 
Teau. Qu’ajoute-t-on a la pate ? On y ajoiito 
du levain. Qui est-ce qui fait le ]>airi ? C’est 
le boulangcr qui fait Ic pain, (^u’est-ee-que le 
pain rassis V Li^ pain qui n'est pas frais. QiicKs 
.sont les aiiimaux dont on mange la chair ? 
(Je sont le bceuf, le veau, le mouton. Qu’t^st-co 
que c’est que la viande de boueherie ? (’’est 
la cliair de,s animaux domestiques. Qu’est-cc 
que le gibier ? On nomme gibier les animaux 
qui ne sont pas des animaux domestiques et 
dont on mange la chair. Quehs sont -i Is ? 
cerf, le chevrcuU, Ic sanglier, Je liovre. Qui 
sont oeux qui tuent ccs animaux ? Ce sont des 
ehuasours. Avec quoi Ics tuent- its ? Avec des 
fusils. Mange-t-on la chair des oiseaux ? Oui, 
il y a des oiseaux dont on mange la chair. 
Lesquels ? I.<a poulc, le dindon, le canard et 
Toie. Y a-t-ii d’autres oi.seaux dont la chair est 
bonne k manger ? Oui, il y a d’autrea oiseaux 
dont la chair cat bonne a manger ; co sont do.H 
oiseaux sauvages tela quo la perdrix, la b6ca.S8o, 
la becasaine, le faisan et le coq de bruy^ro. 
Quelles sont les diff^rentes espdcea de poissons? 
Il y a les poissons de mer et les poissons d'eau 
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(louoe. Qu’est-co que reiiii douce ? L’eau ties 
lacs, des 6tangs, den rivieres et des ruisseaux. 
Quels Hont lc» poissoiis do mer les mieux connus ? 
Co soiit la moruo, lo liareng, Toperlan, le 
jnaquercau, la sole, le turbot, Ic lueilan ot la 
raie. Et ccux d’eau douce ? siumon, la 
truiie, la carjje, la percbc, et le brochet. Qui 
sont ceux qui attrapcnt le poisson ? Cc soiit 
dcs pechcurs. Avcc quoi ? Avcc des ligncs ct 
des filets. Qu’est-ce (pi’on mango avcc la 
viande ? Des legumes. Qu'cst-ce quo les 
legumes ? Ce sont des plantes (jui servent aussi 
A, la nourriture do rhomme. Quels sont les 
prineipaux legumes que Ton eultive en Franee ? 
i-es pommtss do torro, los ohoux, les betteraves, 

GERMAN By 

XLVI. Relative Pronouns. T1 u‘sohvo : 

(a) trr, Cic, i wh<>, wliieJi, or 

{h) U'cld'cv, UH'ld'i', nH'ld'Ci\ / that 

(c) U'cv, u\u\ who, wliat 

'Piioy refer to a jiorson or mat, ter already men- 
tioned, and Jiolp to f(»nn the relative clau.se. 
E.vamples : id; fah clitcii * 11011111 , tcv (or irddur) 
cin (McU'clir triuv T >^aw a man who earriisl a ritlo ; 
aiif tfin I ifd'c ftaiiD fine Ahifd'f, U'dd'c leer U'ar, on 
the tahle sUkkI a h<»ttlo which was empty, <‘(c. 

1. Tlie j>roiioiiHK {a) lake the iiiHections of tin; 
<lemonstrativo pronoun ter, cic, taofsee XXXV.J ; 
but the genitive, plural of the relative pronoun 
is alxmifnt beven. 

S i ngular. S ' ng u lar. 

(a) 1. bev, tie, biU' (6) 1 . U'fldu'v, u'cld'c, un'ldu'e 

2. bcffcii, bfvcii, 2. iveld;ct.\ ivcld'fr, uvldna' 

bcficii 3. ivcld'cm, U'cldKv, 

3. bfin, cifv, bfin ivoUbnii 

4. bfii, bif, biU' 4. U'ddH'ii, U'cld'f, uvld’fi^ 

Plural Plural 

1. bif 2. b even 1. ivdd'f 2. U'chFcr 

3. bfiKii 4. bic 3. U'cldicii 4. irchbc 

'Flic genitive singular U'dd'c^ U'fldicr, icfhbf.', 
is antiquated and generally replaced by b f ffc n » 
b c V f u , b c f f f n. Similarly the genitive }»lural 
ir f I d; f V is always rejilaced by b c v f u : bad -Hinb, 
bfffctt t^'Uern id' ffiinc, the cliildwlio.se jiarents 
1 know ; ffuiicu <8ic bif <Vran, bfi cn .Uiiib fvaiif ift? 
tlo you know the ivoinan whose cliild is ill { 

'ilUv bfitrii^tfit bie vSclbatcn, b c r r 11 '|>ffvbc ftaub'l'fbfiti' 
ivatfll, W'C gj’oeted the soldiers whose horses 
were covered whtli dust [dust-covered], .3u bfii 
b f V e n fid; t^iuthiiib fvfrfut, iVhcvt bif vpitc 
i^ccijra'jifdif Voi^c, one of (he adYanlagos which 
England enjoys, is her g<uMl geographical 
position [literally : to the advantages, t>f wdiicli 
England enjoys, belongs her good, etc.]. 

(c) The declension of the relative jironouns U'f v 
and U'a<t follows that of the inteiTogative pro- 
nouns similarly pronounced [see XXXIX]. & c v 
is used instead of bfvtfui^^, U'e(d>cv (he who), 
and instead of bafijcuictc, U'ddje^ (that which) : 
'Hler ^Ifd; (Ui^veift, befubfit ltd; (proverb), who 
luesses with pitch may dirty himself, 
nut|jtan, feubet, one must endure 

timi^Heavei) fends [decrees]. 
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les carottos, les aspergos, lea fevea, les haricots 
et les pois, Qu’est-ce qu’un potager ? C’t 
le jardin ou terrain oh Ton eultive lea 16gumc<. 
Et un verger, quVst-co que e’est que cola V 
Cost le terrain ou i1 y a dcs arbres fruitieis. 
Quels sont les prineipaux arbres fruitiers « t 
leurs fruits ? I^e poirier dont le fniit est ];i 
poire ; le corisicr qui produit les cerises ; 1»‘ 
pecher .sur loquel croissent les peebes ; le brugnoji 
dont le fruit a le memo npiu (^ue Tarbre ; 1<* 
prunier et Tabricoticr qui nous donnent lc>; 
jnuncs ct les abricots et lo pommier avec 1<‘ 
fruit duquel on fait le cidre. Quelle est la plant i- 
que Ton eultive pouren fairc le vin ? C’est la vigne. 
Quel est le fruit de la vigne Y C’est le raisin. 


P. G. Konody and Dr. Oaten 

2. The choice of ir f I eft f v oi- bev de})eiuls 
cliiefly on eoiisitleial ions of euphojiy ; but tin 
relative pronoun brv, b i r , r iU' must be u.sed 
where tJie relative clause I'cfers to a j)er.stm;il 
prnnomi : 5^ii, ber jnid' ffimr, th*>u who knowest 
me ; fif, ter id' she to wliom I told it, 

i‘(c. '.lihld'fv, u'fld'c, U'fld'ffi are also used as 
at tributive adjectives ; (5v fvU\btc uuc« 

u'cld'o ^vivff Vtiifmcvtfdnifcit iiui' niit Arcubc fifiillto, 
In; .sent us llowers, wliich delicate atteiitin)i 
tilhsl US with joy. 

XLVII. Indefinite Pronouns. 

mdii, one, pt'ople ftUHU', something 

jfinaub, somebody iiid'tf<, nothing 

nifinaub, nolxMly rinev, one, someone 

jcbfvniann, (ivorybody leiiicr, no one 

icbev, cveryom‘ 

vUl is only used in tin; nominative and is 
replaced i)» tlie other cases of the .singular by 
the corre.spondiiig cases of fin or finer (one), 
wliich is declined like the iiideliiiite article ; 
2. finfc, 3. cineni, 4. finen. .'sfinanb 1ms the 
same declen.si VO terminations : 2. -(f)i\ 3. -rni, 
4. -rn ; j c b c v in a n n and n i e m n b take an -i' 
in the genitive and remain unaltered in the other 
cH.ses ; nirni.inb may also take -cm in the dative 
and -fii in the accusative ; f i n f v , f f i n c r , j f b f v 
are decliiuid like the denumstrative pronoun 
bieffr, -f, -fd [.see XXXV]; ctivatf and uidllt' 
are not subject, to declension. In poetic 
language the abbreviation U' a is sometimes 
used fur ctu'vic': 'IlUr finb pi (ft)iva‘:f 
^V'bcrcn, w e are born for something better. 

Taiii.k of all Pronouns. 

1. Persoiml id;, bn, rr, he, fd, iriv, itir, fh- 

2. Possessive mein, bein, fein, il)r, nnhXfiier, iliv, 

3. Demonstrative bft, bic, ba^; blefer; jflifr; fi'ld;cr,* 

bfrlfiiivv; bcvfelbe. 

4. Interrogative ircv, U'f(d;cr; fur cin. 

5. Relative ber, bif, bdi?; U'dd;ci* ; U'fv, nnw, 

6. Indefinite 111011 , iemaub, iliemaub, iebermonn, 

fru'aet, nid;t^, finer, feincr, icbev. 

XLVIII. StroniS Ver]bs* The following 
strong verbs with the stem-vowel -a-, -u-, -an-, 
-C-, -i-, and -ic change these in the imperfect 
and past participle into - 0 -. 
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IXFIMTIVK 

Pkksknt Tknsk 
r., n., in. Sinmilar 

1mi»khfk< t 

Impera- 

TIVK 

Past 

Particiflk 





tcirc'itcii * 

to movi‘, induce 

id' bcU'fiVft -fb -t 

id' bfivoi^ 

id' bcii'L\p 

bcu",\dO 

bfU'Oep'll 

ferfUfU 

to tight 

„ ffd'tc, fi'd'tft, fid't 

„ U'd't 

„ fihl'rc 

ud't 

v^cfod'teii 

ficd'tcu 

to plait, t wist 

„ fifd'tc, flid;tft, ftiel't 

ftod't 

„ ftbd?tc 

fli.l't 

v^cfloci'feii 

i;cb.'n 

to lift 

„ I'cb.', I'd'ft, Ijcbl 

„ hob (hub) 

I'blv 

hcb(e) 

»phobcu 

mclfcu 

to milk 

„ uiclt-c, -ft, -t 

„ lUOlf 

„ luolfo 

iiie(l(c) 

ipiuolfeu 

Vflfitfn t 

todudnlge in, 
to be given to 

„ vflfiVC- -ft, 1 

*, Vfh’d 

** Vflbip 


jVVfhspu 

ondfen % 

to well, to How 

„ vpicKc, iptillfbipitllt 

*iuoll 

,. vlllbllc 

ipiill 

v^c*iuol(eu 

tdjcrcii 

t<» slnvir 

id'fvf, fd'e'vft, fd't'Vf 

„ fd'or 

t'd'ihe 

fd?ci(c) 

ip'fd'orcu 

fdmifi^cii 

to melt 

„ fd'uicl^c,fd'mil^cft, 
id'iiuld 

fduiioU 

„ fd'Mud^e 

fduiiiU 

vpfd)iiiolpii 

fdHreUen § 

to swell 

„ fdMrfdf, fd'U'illft, 

fd'U'ilU 

„ I'd'iooll 

„ fd'ii'Ldle 

fd, 'll' ill 

itefd'li ollfii 

ivcbcu 

to weave 

u'cb-f, -ft, -t 

UH‘b 

,, lobb: 

ii'cb(c) 

i^eii obeii 


to consider, ])ondi‘r 

„ rvu'vitV^ “ft* “t 

„ enooi^ 

,, eviri'ip 

enoiiv^fc) 

erii Oipii 

iViftVfll ;| 

to fenneni 

,, -ft* 't 

,, ip'hr 

„ abluf 

iVilir(c) 

j^Ciiohreii 

fdurviven 

t<» fester 

„ fd'U\iv-r, -ft, -t 

„ fduvor 

„ I'd'U'brc 

fd?ii'dr(e) 

iVi'd'U'orfii 


to weigh, balance 

,UM*VC* 

" • .iho UUe\VC. / ’ 

„ U'i\\ 

U'bvV 

U'iis-((o) 

vpiOOipll 

bici^u 

to bend 

„ bi^vf, 'ft, -r 

,* bci^ 

.* bisp 


iV'boiPii 

bicten 

to oH'er, teiulei* 

,, bict-f, -eft, -ct 

„ bot 

,, bote 

bict(c) 

vpbotoii 

nictV'ii 

li. tly 

„ flicipe, -ft, -t 

** fh'd 

*» fhSV 

flie^^(e) 

vpfUv^eu 

fliobni 

to fli'c, eseaja* 

.. flich'f, ft, -t 

flol\ 

.. floi'c 

flich(f) 

i^cflohcu 

fliif’fH 

to lh>w 

flicp-:, -eft, -t 

„ flop 

flbffc 

fjicp(e) 

yPflofKii 

^ricrcii 

to freeze, to be cold 

„ mcr-c, -ft, -r 

.. fror 

.. frihe 

fi:ier(c) 

rtcfrorcii 

i^fbic'ffii 

to <*onnnan<l 

,, iV'bier-e, -rft, -ct 

„ *Kbof 

„ ipbbfe 

ipbief(e) 

ipbotfii 


to enjoy 

„ vpuicH-c, -eft, -t 

^pnop 

** doubffc 

ytfllKp(f) 

vpuoiKii 

Aicjim 

to j)onr 

„ vvnbf* “fft* “t 

*. 

** dofff 

iVtH(f) 

iPiP'ffni 

til men 

to glow 

tdttiim-c, -ft, -t 


„ ^thhifiiif 

dhiinti(e) 

itCitlomiiicit 

frird'fu 

to ertitsp, crawl 

„ fried' -c, -ft. -t 

,, hod' 

„ frod'c 

fricd'(c) 

vtchodteii 

vicd'cii 

to smell, 

„ viceh-e, -ft, -t 

„ rod' 

,, rod'c 

ricii'(o) 

iV'vod'Cu 

idMfbcii 

to sliove, pusli 

„ id'icb c, -ft, -t 

„ fel'ob 

„ fd'bbc 

fd'icbtc) 

v^cfd'ol'cii 

fdMffiru 

to shoot 

„ fd'icfvf, -fft, t 

1. fd'of? 

„ id'ihTc 

fd'icp(e) 

i1cfd;ofKU 

id'lifHfii 

to shut, lock 

„ fd'licp-c, -eft, -t 

fd'lof? 

„ fd'lbpc 

fd'liep(c) 

vpfd'lojfcu 

ficbfii 

to boil, seethe 

„ ncb-c, -eft, -ct 

„ foit 

„ fbtte 

fierfe) 

(P for feu 

frric^fn 

to s|nv)ut 

„ I'vvietVf, -eft, -t 

,, fmop 

„ fri'eMK 

!>riep(e) 

i^efi'roffeu 

fticben 

to scatter, dispense 

„ ftieb-c, -ft, -t 

„ ftob 

„ fted'C 

1 flicb(e) 

iV'ftobcu 

rcvbif'teit 

to forbid, }m»hibit 

„ xH'rbiet'C, -eft, -ct 

V'crbot 

,, x'crbidf i 

i ocrbiet(e) 

x'frbotcu 

vcvtric'f,cu 

to vex, annoy, 
grieve j 

ce' rerrriept 

ci^ veiM op 

eo v'crbreMTc 

verb ro (fell 

vfvlic'rcu 

to h.ise 

id' I'cvlicr-e, -ft, -t 

id' verier 

id' v'crlore 

i'erlier(f) 

vcrlorcii 

ddicn 

to pull, draw' 

„ pel'-e, -ft, -t 


** 

pch(e) 

*pp'i^eii 

bctvu'i^cn 

to cheat 

,, betriiiVf* *fb -i 

„ berroa 

,, befrisv' 

bctrihdO 

i'ffrovpn 

ffirm 

to choose 

„ tiiv-e, -ft, -t 

„ for 

„ fore 

fur(cj 

v\cforeii 

tviuvii 

to deceive, dedude 

„ iviupr* -ft, “t 

„ trov^ 

„ iviSp 

tvuA(c) 

»Vtrovpu 

ftiinmcn 

to climb 

„ tliuiiuf-, -ft, -t 

floiniu 

,, flbllliuc 

flimiu{e) ■ 

kpfloiiniieii 

fiUlfcU 

to drink, tl))ple 

fauf'C, -ft, -t 

>* loff 

** fojf'' 

fauf(e) 

Ivfoffeii 

uuuT(fn 

t<» suck 

„ faiupc, -ft, “t 

.* 

.* uSp 

1 


ipfovpu 

* In the sense of “to induce,” bclrc^vH w slromj : id? bcUH\^ ilni, T induced liim : in 

1 the sense' 

of setting in motion, it is weak : iviv bcirciUftt mt^ we m«»ve 
was agitated. 

d ; c*u' ?;ll(for 

U'.ir bcii'CiU/ the sem 

t In the sense of to attend to, to carry on, 

to ni.inage 

to indulge in, bflbVil 

IS strong; 

in the sense of to nurse, to tend, to cultivate, it 
<:iplo ; .wflwO. 

is weak (iinpt;rfect : id' 

I’fit'Uf; 

[)asfc parti- 

J Weak in tlic sense of exposing something to humidity 
peas Avere soaked. 

: tie (vvl'ieii U'uvccn ^cquellt, the 

§ Weak 
the brook. 

as transitive verb 

; ber jWc^eit hat ben 'i5ad) a it e^ c f d; ir c I U , 

the rain has sw'elled 


II Weak, when used liguratively : Vaub l)vt e , the country was in a state of ferment. 

If Weak in the sense of motion (swaying gently): ^ic UMCi^tc fid; im -Iviiitc, she moved grace- 
fully in dancing. 
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EXAMINATION PAPER XIII. 

J. Wlifit considerations detennine the use of 
the relative jn-ououns irdd'cv or U'cr, and 
when is it essential to use the lal ter ( 

2. Which jjroriouus are replacetl by the rela- 
tive lUdnouns WfV and iiMCi '( 

3. By which no\in is the indetinite proiuani 
„nia«“ replaced in the j^enitive, dative, and 
Jiccusative of the singular ^ 

4. Wliich declension is hdhnved by this noun 
in the cases stated 'i 

6. Which indetinite jnonoiins are not subject 
to declension t 

Exkuc'Ism 1. (On the use the ivlative 
pronoun). 

to marry, tci'vatcii sliipwreeU, ^rfufftnud^ (nt.) 

married, vcrl'clratet to perish, mii'fommcu 

ill, fvaiif to lead, fiibvcii 

to meet, tfi^CiVncu goo<lness, (Miitc (/.) 

generally, all\v'm^'i« 

I know a man Avho is married ; I spoke to (mit) 
the woman wliose husband is ill ; these are the 
childrtui wlmm we met yesterday in the fonsst. 
Do you know the girls wh(»se brothers are 
playing [phiy] tennis? T met the woman 
whose husband perished in the shipwrt'ck ; 
this is the boy who led me t hnuigh the forest ; 
he is a man whose goodness is generally known. 

ExFJK’isr. 2 (a). (Miangt* (lie imperfect and 
past tenses into the present : 

^cltar fodn hipfor; ter ku'citre 

Tim soldier fouglit hr.avely ; tlie wind moved 
tie 3u'rij\o tor 'Baumc; ter <2ouuomni'tci\vuu^ tcuu\^ micf> 
the blanches of tin* t rees ; tlie sunset induced me 
iim'pdclu’cu; iUlacclH'u l\at cincu .Uvviu^ vVfl'''d'hu ; 
to turn ; the girl has bound a wreath ; 
cr lid' tic <£d'afcr Mica 

he lifted the barrel ; the slu‘pherds have 
tie ^d'afe vVMd'riTii; tic .ttiuibca ftdu'u; 
shoin the slieeji ; the boys tied; 

tnci 'iihiiU’V flofi tvifdv 

the water thoved <|iiiekly. 

{h). Change the present teiisi' into the im- 
jierfeet ami past. 

'^ic iKuifflfn iiicl't tic ^dundicir ter Vaiitfd'aft; 
You do not enjoy the beauty of the landscape; 
tie (Sd.'KnuK tried't liter tea '3i'C*\; tvici 
the snake crawls across [over \ t he road ; the 
?iikiiTcr fictet; tcv Aciv^cv pi'icfit iH'tpudid'; 
water boils ; the gamekeejier is a sj>lendid shot ; 

I'CvUcvc lacin Welt; id' v'cvbictc Abaca tict^ craft 
T lose my money; I earnestly forbid you |to do] 
lidi; tic '“^luiaca ricd'ca v^at; id' 
this; the flowers smell beautifully; 1 believe 
tcv 9)hnta I'ctniid »tidi ; tic ''iifiaa.^c fvuu^t ilpc 
the man is ehoating me ; the jdaiit sucks its 
'.Habnim^ aati tcia ^I)i'tca. 
uoiirishinent from the soil. 


Exercise 3. Insert the missing indefinite 
]>ronouns : 

t^r ijt grmab. .... ^cbcrcu ifl, 

lie is everybody’s friend. Where one is born 

tort hciiMdt cii(4) on; ciS ijl nid't 

[there] one feels at home ; it is not everybody’s 

(Mffdnaad pi ftreitea ; tcibea (Eic ipbort? 

taste to quarrel; have you heard someiliing ? 

9tcia, idi babe .... ftcl)brt ; id) i^laubc (3) 

No, I have heard notbing ; 1 believe nobody 
ten id) iiid)t fciine. 
whom 1 do not know. 

*i>aiit aiiif; tabci iai Epiclc c^circfca feia. 

Somebody’s hand must have been in the game. 

iniifit Iinve luul Ills finger in tlie pie.) 

Kf.vs to Exekcises in Examination PAPKa XII. 

(Pace 2639) 

Exercise 1 (a). Imperfect: blicb pi ‘i>anfc; 

tu vfiffft Unit ; tarf 3}latd)ca rich tic Tide ; U'ir 
fd'ricbcn 3Jricfc ; taci .Hint fd)vic ciitfc^tid) ; tic lliamicr 
fdni'icc^cu ; U'ir fticvpa auf tea 'Bcn^ ; icb terpeb Abaca ; 
tcv A>ivt tricb tac« auf tic ilihitc; ter .Huabe 

U'tcc lair tea iaet Torf. 

Perfect: Ad' bin pi -i^aafc ipblicbcii; ta baft laiit 
ip'Vfiffcii; tvu^ ^Iloitdua bat tic Tide ip'ticbca ; ivir 
babca 55ricfc vvfd'vicbca; ba»? .ftiat bat ratfcl}.lidi 
iVid'riccn; tic 'iVauacr babca ivfd)lvici-\cu ; U'ir fiat 
aaf tea ^pfticipa; id) habc Al)nca mpd)ca; 

tcv .i>irt bat taa 'bid) aaf tic 'bhitc vptricbcii; ter 
.Uaal'c bat niir ten 'i6crt in^ Torf c^cuncfca. 

(/>). Ad' bcific in tea '.Htfcl ; U'cebalb blcibjl tu 
nid't bci aai'V Ter .iliinftlcv cvi^rcift tad Aaftvantcat; 
U'ir (citca ipo)k Ed'iacrp'a ; ter Jtiitfcf'cr yfeift fine 
aildrtic; tae biatd'ca reijit cine 9toic I'oin Bu'cMc ; 
tic Ecnnc fd'ciat bed ; ter bettfer fd)lcid't an tcv 
bUnicr bin ; trad fd'tcibca Etc aiir? Tcv biatm uiib 
tic AVviu ftvcitcu beftiyv 

KxEiu’isE 2 («). bh' fiat lacinc Tiatcafaffer? 
Ad' Unia iiid't aicinc .'>aabfd,'al)e pntca. CMcbcn Eie 
lair lacinc iafdiratiid'cr. Tic SUrffcrflnivpa fiat 
vpbiTd'ca ; tic bfaucafctcrii fiat fd)Lhi; tic '.Hriabaatcr 
U'arcn aiu' (Melt; tic Jvafibbtca ivavea mit Tcwid'cu 
bdcvp; tic bhiaidafcr fiat (cev; tic Wi'ltfd)aiictc 
babca fdanic ^iiiu^. 'Had U'dd'cm Etcffc fiat Al)rc 
d>aU'biatca 6hbca Eic lair ftcfatli^fi tic Objlnicffcr. 

(6) TcrEiiup'Oinet pebt im d^crbfl iiad) tem Eiitcu; 
tcv fcitcuc 91cvpufd'irm ijl ind)t fcl)v l)altl'av; tad 
iMiupiilit ift gcfd'Uu'lIca ; id) faaftc ciac Ivvtbccvc. 
'^.hd)ia fiil'vt tiefer bniltvfat ; Ad) bcft^c ciam 
b'iatcrnnf. 

(c). Tic AMiualcutc fcaimanticvtcu tic '-Jravt^H; 
id' fauttc tic Ticaftauniacr aai^ d>aufc; .itauflcatc 
iiiujffii vcd'iica fcunca; Etciatdmaniicv foUten aidjt 
ivrea; jmap (il)ciaanacr fiat fldrbf)iilid) aa^ipebt^. 

^ {d), jeba bfa«t) .flaffce, pl)a bunt Etrct), ;;cf)ii 
»vap bctvolcaia, p!)a bueh 'IhH'ifv, pf)n Ead illcid, 
,pbu (Vlafd'cu 'Illeia, pTin iViKcu ‘liU'Uf, je^n Tcniieii 
.iicblf, pba bh'c^icii, pt)u Etiintcii, .pim Si>?cilca, 
^eba .f^iibif^tSitfi d>lj, pl)a ,<Iiflca 3«dct. 
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burnt, not cut from a rough block; but so far as 
bonding and putting together are concerned, the 
practice of masonry is very closely -followed ; 
in dealing with actual construction in terra- 
cotta, therefore, wc shall d(*8cribe here only the 
variations in practice from ordinary imisona' 
work, and for the treatment so far as it coincides 
with that of masonry the read(T is refeiivcl to 
the articles on this subject which immediately 
follow. 

Necessity for Detail Drawings. It 

is necessary for a terra-cotta building that the 
whole of the work should he detailed very aeeii- 
rately, including such matters as every varia- 
tion in si'/e of quoins and dressings round 
Openings. In masomy in a similar ease the 
moulding only w'ould be detailed ; but, as a 
rule, unless great uniformity be required, the 
height and width of each hlocdc is left to the dis- 
cretion of the mason, and depends on the sizes 
of stones available. In terra-cotta, on the con- 
trary, as each block is made in a mould, every 
dimension must he given, and must be carefully 
arranged so as to secure bond with the brick 
walling or hacking with which it is usually 
combined. 

The height of every eo\irse in such cases must, 
thcTcfore, be an exact multit)le of the lu'ight of 
a brick course, and if the bri(!ks to be \ised are 
not of the ordinary siz(‘, but larger or smaller, 
the terra-cotta invist, nevertheless, lx* designed 
to suit the bricks and bond wuth them. The 
width of the bed, exclusive of any projection 
from the face, must also be the multiple of the 
breadth of a brick dimension. In continuous 
strings, the length is more open to variation ; 
but it is convenient that this, too, should be 
a multiple of a brick length, to facilitate the use 
of bonding blocks, fn <pioius and w indow' dress- 
ings the ditference in the width of face of suc- 
cessive blocks should he a multiple of the width 
of a closer to assist bond. It is also necessary 
to foresee and arrange for all grooves for plaster 
or lead w’ork, sinkings for fixing joinery, wdndow 
bars, iron balustrades, etc., as well as joggles, 
rebates, etc., for fixing and bonding the terra-cotta 
blocks together. In masonry many of .siicli 
details can be cut in the stones when fixed, but 
in terra-cotta they must be provide<l for in the 
moulds from wdiieh the material is cast, or 
formed in the block when east and before 
burning. 

Use of Shrinkage Scales. The shrink- 
age of terra-cotta varies somewhat, but is 
considerable, and generally amounts to alxiut ^l.th 
>f each dimension. The manufacturer must be 
imformed if the full-size drawings represent the 
terra-cotta w’hon moulded or after it hais been 
burnt. It is often the practice to draw such 
details to the size of the blocks as they should 
be moulded, and manufacturers will supply 
scales, know^n as shrinkage scales, adequately 
enlarged to allow of the subsequent shrinkage 
to the intended size during drying and burning. 
It is very desirable that this method should 
' be employed in all moulded and enriched work, 
for ii the enlargement be left to the manufac- 
tui^» though the blocks may be correct, the 

iiao ■ 


character of the mouldings and enrichments may 
be modified in the process. 

Chambering Terra-cotta. The blocks 
of terra-cotta are not solid as is the case 
with bricks or stone, but, as a rule, are hollow 
and have one face left open. The walls of the 
hollow' block arc kept of a uniform thickness, 
as far as possible, to avoid inequality in shrinkage, 
and arc usually from 1 in. to 2 in. in thickness. 
If the blocks arc large, cross webs are formed 
in the process of moulding, and these are both 
horizontal and vertical if necessary [124] ; they 
sulxlivide the Idock into a series of chambers 
and serve to stiffen it, and to prevent undue 
distortion. 

Sizes of Blocks. The individual blocks 
are strictly limited in size ; no block can, as a 
rule, be formed with a cubic capacity exceeding 
about ft., and for general purposes blocks of very 
miicdi smaller size are desirable. The larger 
the block and the longer the surfaces and arrises 
tlie greater is the risk of distortion in the lines 
during the process of Vmrning, but very much 
will depend on the charaettM’ of the block to be 
used. If, for example, a block be a terminal 
block, as in the case of the caj> to a small pier, 
the shape is rcg\ilar, the shrinkage is likely to 
he regular, and for seating it is necessaiy merely 
to have a good horizontal surface for bedding 
on the pier : ]>rovid(‘cl this is socuired, a slight 
distortion in other portions w’ill not be of serious 
momt'nt, and may he unnoticeable. In the case 
of an angle block containing a group of mould- 
ings, such as a cornice, the circumstances are 
different ; this must have not only a true bed, 
h\it perfectly true v(‘rtieal joints at each face, 
so that the lines of all the mouldings will carry 
on truly the same line in the adjoining block. It 
will readily be understood that any distortion 
is s(‘rious, and, owing to the irregular shape of 
t]u‘ block, is more likely to occur if the block he 
a large' one. Whenever a blr)ek is so distorted 
as to be imsuited for its position, there is no 
middle course open ; the block must be used as 
it is pn)duced from the kiln, or it must be rejected 
altogether and a new' block vsubstituted, with* 
the eonseejueiit delay ; the lines must not be cor- 
rected by chiselling, or any other W'ork which 
w'ould destroy the surface of the material. 

Absorption. In terra-cotta, as in stone, 
the question of absorption has an important 
relation to the d\irability of the material. If 
water he readily absorbed, it is not merely liable 
to expand in ease of frost and split the material, 
but may carry into the stone, in solution, acids 
that will tend to disintegrate the material. 
When used for external work, terra-cotta 
that will absorb, more than 10 per cent, of its 
own weight should not be employed, and one that 
absorbs a smaller proportion is to be preferred. 
This docvS not apply to the light, porous terra- 
cotta often used in fireproof floors which is not 
exposed to the action of the weather. 

The Manufacture of Terra-cotta. 
The material from w'hich terra-cotta is burnt 
is clay of a fine character — the best is refrac- 
tory, containing a large proportion of silica ; 
the presence of iron or of lime makes the terra- 
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cotta more fusible and not so hard or durable ; 
several varieties of clay, including fireclay, may 
be used. These vary in the amount of shrinkage, 
and they an? often combined in various pro- 
portions to regulate the shrinkage, and other 
materials, such as sand and pounded pottery, not 
liable to shrink, are mixed with them so as to 
minimise it. The materials are linely ground 
in a dry state, placed in water, strained, pugged, 
w'ell kneaded, and finally forced into the moulds. 
These moulds are prepared })reviou.sly ; a 
separate mould is required for eveiy l)Iock that 
differs in any respect from a bloc^k previously 
cast, and must include all (*nri(liments that 
are inUmded to appear on the })l()ek. 'Pile same 
mould may be usckI nqx'atedly, just as in the 
case of a brick mould; and if terra-eotta is to bo 
an inexpensive material, close attention must 
be paid to producing it with the fewest possible, 
number of moulds, the preparation of which forms 
a heavy item in the expemse. It is, therefore, 
in work in which a largo amount of reptqitioii 
occurs that this material is most economically 


om})Ioyed. Tlu* moulds are smeared with .soft 
soap before the clay, wbieli is in a plastic state', 
is filled into them, and care rau.st he taken to till 
them well ; on removal from the mould the 
clay may, if necessary, be slightly toucluHl up, 
and dovetailed sinkings, if they are required, 
must be formed after removal from the mould. 

Drying and Burning. The blocks arc 
dried slowly with extreme care, and shielded 
from draughts, it being of great importance 
that all parts of the mould should dry uniformly. 
About half the shrinkage that takes place occurs 
during this process and before firing, and if one 
art of the block dries more rapidly than another, 
ne cracks may be set up and distortion occur. 

When properly dried, the material is burnt in 
a pottery kiln in wbich the temperature is 
raised slowly, maintained at the requisite 
temperature till burning is complete, and 
allowed to cool slowlv ; the object throughout 
being to ensure tliat the further shrinkage which 
mu9t occur during the process of burning .shall 
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be uniform in character. It is largely on this 
account that the blocks of material are moulded 
hollow ; for were the blocks solid and of large 
size, there would bo a tendency for the outi*i* 
faces both to heat and to cool more rapidly than 
the centre, and cracks would be set up. 

Marking and Filling the Blocks. 
The manufacturer marks and numbers eveiy 
piece in accordance with general drawings, which 
sho\v every block, and in building them in care 
must be taken to see that the blocks are used in 
the .situations for which they are designed. On 
delivery at the building, the blocks must be 
earefuliy stored till required, and for most 
piirfK)ses, before fixing, the cavities or chambers 
in the blocks are filled up with fine concrete ; 
they should be eompletely immersed in water 
for at least two hours before this is done, and 
the operation should on no account take place 
in frosty weather. 

Lime concrete was formerly always usc'd for 
this purpose, as having no tendency to expand 
and split tin* blocks while setting ; but with 
the modern improvements in tfie 
manufacture of cement it Is possi 
V>\e to use a thoroughly cool Port • 
land cement without any fear of 
expansion snftieieiit to split the 
block. This proce.ss of filling adds 
strength to the block ; it also adds 
wt‘igbt ; and in cases where lightness 
is of importance, as, for example, 
in a built-up cornice of consider- 
able projection, it should be used 
in the lower blocks, who, sc principal 
bulk rests on the wall, to give sta- 
bility, while the overhanging upper 
parts may he left unfilled. The 
open side of all such chambers is 
always arranged so as to come on 
the inner face of the. block, and is 
entirely cunecaled within the wall. 
In floors, and in ])roteeting steel 
work, the blocks are not filled, ns 
the air space thus formed is a 
useful protection in itaelf. 

Jointing Terra»cotta. Wlien every 
care is taken, it is, in most cases, impossible 
to avoid some slight irregularity in the form of 
vari()us blocks, .so that were a straightedge 
applied to any plain surface, it would not be 
found absolutely true, and it is not possible, 
therefore, to lay terra-cotta with a fine joint, 
such as is used with squared masonry. The 
joint is usually rather thicker than an ordinaiy 
brick joint, and may be as much as g in., which 
should suffice to allow of any permissible 
irregularity being adjusted ; it is necessary to 
bear this in mind in setting out terra-cotta work. 

To avoid disputes during the progress of the 
work, it is usual for sample blocks to be de- 
po,sited with the architect, showing the extreme 
limit of deviation from a true straight line that 
will be permitted ; samples should also show 
the extreme range of variation in tint per- 
mitted, and if more than one colour is to be 
employed, this may be done for every colour 
to be used. 
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Setting the Blocks. In setting terra- 
( otta, the salient angle of which is moulded, or 
which carries a group of mouldings, as, for 
rx ample, in a string or comice, the setter must 
select the most prominent or important moulding 
l>y which to regulate his setting ; for it will 
])rove impossible, in some eases at least, where 
^t‘vcral mouldings occur, to set the block so that 
all the mouldings will rtin on in true lines. 
lOvery effort must be made to minimise the 
irregularity, and if thii salient angk's and 
important mouldings are free from obvious 
(Irfects, the smaller intermediate moiddings \vill 
not attract attention, though small variations 
in line occur. 

Colour of Terra-cotta. The colour of 
t«*ria*cotta depends partly on the composition 
of the earth and partly on the temperature at 
which it is burnt. The usual colours to which 
icrra-cotta is burnt are buff, red, white, and 
1‘lack, the last -mentioned being really a deep 
grey ; tw'ti or more colours may be comlamKl 
in a single elevation ; or one colour may be 
st‘U‘cted for the terra-cotta and 
combined with bri<;kwork of a 
colour that will harmonise with 
or form an elTeetive contrast 
A\ith it. Various other colours 
may lu* j)rodueed on terra-cotta 
surfaces, and while the surface 
is, as a rule, }H‘rfectly j)lain and 
smooth, terra-cotta is sonuitimes 
giv(‘n a surface texture res(*mbling 
lliat of masonry, or one somewhat 
resembling marble, as in the Savoy 
Hott‘1, London. 

Its use may be confined to the 
more ornamental parts of a facade, 
s\ich as the strings, cornices, and 
(lr(‘ssings round window' and doors 
f 120 and 126] ; it is then described 
as moulded or enriched work ; or 
it may be used for plain walling, 
so that the entire external surface 
(»f tile building has a uniform 
facing of terra-cotta. In towns 
whei’e the atmosphere is smoky, this latter 
treatment insures that the original appearance of 
the building will be less affected by the deposit of 
soot than where bricks with a I'ough surface 
aie mingled with it. Where colour is applied 
to the surface of terra-cotta it is possible for 
decorative purpose to use more than one colour 
on the same block [128]. 

Forming Heads of Openings. The 
limitation in the size of blocks has been 
mentioned ; in particular, it may be well to 
point out that a block, in which the length 
greatly exceeds either the breadth or thickness, 
is more liable to distortion than one in which 
all three dimensions are approximately the same. 
As a result of this limitation, it is impossible in 
terra-cotta construction to use long blocks as 
heads or sills to openings, or as mullions or 
transoms, in the manner usual in masonry. 
J^ueh meml?ers, when employed, must lx; built 
^‘P of a series of small blocks. In arches the 
terra-cotta is formed into blocks of voii«soir 


shape, as in the east* of masonry or gauged 
briokw'ork, but the blocks are much broader 
in face than is the cose with brick voussoiis. 
In the ease of a heatl the form know n as a fkU 
arrh, already described in brickwork, is em- 
ploytxl ; in sm h enses. in addition to using the 
voussoir form for the blocks, the joint is further 
strengthened by the use of joggles^ which serve 
to inteiloek the various blocks, and greatly 
strengthen the arch [120J. 

The Use of Joggled Joints. These 
joggles may run throughout the thickness of 
the block from the face to the back, in w'hieh 
c*ase they will a])]X‘ar on tin* surfaet*, or they may 
be concealed. In the latter ease, they an; 
stopped about 2 in. from tlu* face, which has the 
appearance of a ])lain voussoir, the ink'rkxiking 
being arranged on the inner jxirl of the block. 
Various forms of joggles an; employed. A 
common form consists of a small semi -circular 
protuberance on one* side of a block, which tits 
into a corresponding recess in the next block. 
Another method consists in breaking the lin(‘s 


imelosing the sides of the voussoir at about tin; 
centre of the length of the block, so that a 
narrow seating or rebate is formed, lloth these; 
forms, if executed in masonry, involve much 
labour and waste, and are rarely employed for 
lintols; but in forming the moulds in terra-cotkv, 
little (*xtra trouble or expense is involved, and 
the strength is considerably increased. 

Forming Transoms and Mullions. 
In forming a tranmm, w^hic'h is a horizontal bar 
dividing an opening into two heights, a springer 
is built into the jamb, and if there bo a mullion, 
which is a vertical bar dividing the opening into 
tw'O w'idlhs, into the miillion also [120]; if the 
w idth of the optming be moderate the intermediate 
length of transom may be formed in a single piece 
with a rebated and splayed joint as in a flat 
arch ; with a wide opening it may be necessary 
to treat the transom as a flat arch formed of 
voussoirs. Mullions are Vmilt up of several 
blocks of terra-cotta placed vertically one above 
another. In the case of both mullions and 
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tranHomH it HometimeH happens that the fare 
is exposed to view" all round, and in such cases 
the bkxik cannot. Im^ formed with an opening 
at the ))ack ; it is then usual to leave botn ends 
partially open in foi ming the blocks. 

Forming Sills. Sills, like heads, must 
be formed in short lengths ; in jointing them 
care should Ix^ tak<?n to keep the first joint 
some little distance within the inner fme of 
th(‘ jamb, or water running down the jamb 
will easily penetrab? the joint. A terra-eotta sill 
may lx* grooved for a water-bar, as is usual with 
a stoiK? sill [121], or a projecting tongue may 
found on its upper siirfmu^ which will fit into a 
groove in the wood sill and prevemt any water 
passing under the latter [122). Where the sill 
receives the jambs or a. iniillion, a small part of 
the jarnh or mullion is formed in the same block 
as the sill, and forms a stoolim/. 

Bonding the Jambs. Tn bonding the 
jambs of such an opcuiing, in addition to in- 
creased width on the outer face, the bkx^ks 
may Ix^ increased in thickness from back to 
front, so that a part of such blocks is built into 
the internal jamb whether it be scpiare or .sjilayed, 
the object of such projection being to improve 
the bonding of the jamb. 

Stopped Mouldings and Corbels. 
Wherever a hori/,ontal moulding does not run 
out, but is stopped and tinisluxl against another 
surface', it should Ix^ not nu'i’cly butted against 
it, or in the case of a splayed surface, cut up 
against it ; the moulding should be juopcrly 
sto|)ped against a terra-cotta face? forme'd in 
the' same block with it, iind built into the 
abutting wall se) as to give? it a proper seating, 
and pre've'iit wet onteiring at tlie je)int [123]. 
Corbels should be? fe)rmcd in the same w’ay ; the 
prejjecting corbel, which may be moukk?d and 
e'nriclit'd. sliould have* a sepiare? seating in one 
pie'e'cwith it for building into the w"all. Tairge 
moulded eorbels are? sometime'S built up of two 
or nieu’e e'ourse?.s^of terra-cotta, te) e'any a bay 
wiiide)W' on an upper lloetr. 'rhese may start 
from the' face e>f a straight wall and in the iipjx'r 
e our.'^es be Avorke'd into iihe fexm of an octagon or 
otlu?r polygonal ligure, or of i)art of a circle. 

Faience. Faience is a material sonienvliat 
akin to terra-cotta, and has been a good de'aliiHed 
in recent years for e^xternal as well as internal 
surfaces of walls. It is used in blocks similar to 
te'iTa -cotta blocks, but these are formed of stone- 
ware, and it can be^ made? in rather larger sizes 
than terra-cotta. Stone?ware is burnt from the 
plastic clays belonging to the Lias formation, 
Avhieli are found largely in the South of England, 
in Dorsetshire, and Dt?vonahire : these clays 
contain about 7(» partes of silica and 24 of 
alumina, Avith very small parts of other 
ingredients. In manufacture the clay is mixed 
Acitli some unshrinkable materials, such as 
powdered burnt stoneware, ground flints, or 
sand, to prevent excessive shrinkage. The 
mixture is moulded like terra-cotta and carefully 
burnt in kilns at a high temperature, and 
becomes thoroughly vitrified throughout. The 
surface may be moulded or enriched much like 


terra-cotta; the material itself is not suitable 
in appearance for facing, but is coAwed with a 
glaze Avhich may be arranged of almost any 
colour or tint, and permits of great variety in 
surface enrichment, producing, if skilfully treated, 
a A'aricd, clean, and reliable surface, not liabU* 
to change its colour or to collect soot or dirt. 
The glaze employed may be an opaque glaze, as 
in the case of enamelled bricks, or a senii-trans- 
y)arent tinted glaze, w’hich, with a slightly 
modelled surface, covers different parte of the 
bkx'k with varying thicknesses of the glass, 
producing delicate gradations in the tints, 
it is sometimes noc'cssary with transparent 
glazes to <*over the natirral surface of the aione- 
Avare Avith a finer material composed of fine clay 
and ap])licd as a .slip to the terra-(*otta before it 
is burnt, and this in turn receives tlw? glaze and 
shows through it. So far as its use and applica- 
tion are concerned it is arranged for and treated 
in a manner similar to terra-cotta. A good ex- 
ample of it-* external me is seen in the coloured 
plate facing page 27S5. 

Terra>cotta and Faience in Internal 
Work. These materials an* not only us('d 
for external work as a substitute for masonry, 
but they are much employed in the interiors 
of building.', and an? of special value Avliere 
it is desired to protect ironwork from tlie 
din'ct ac'tion of tire. Light terra-cotta blocks 
formed by burning a mixture of clay and saA\ - 
dust, of Avhioh the latter burns out leaving a 
porous material, are mm'h employed as a kind 
of pcrmant'nt centre between tlic small joists in 
seA'cral kinds of fireproof floors [127]. These an? 
usually about 2 ft. long, varying in section, and 
concrete is filled in above* them ; but the bkx^ks 
are as a rule hollow, and arc not fit led wdtli 
concrete. In other cases more solid floors me 
const niett'd. as flat arches and the springer 
blocks arc made of such a form as to ('ucase 
the llange of the girder which supports the arch, 
and for the sak(‘ of lightness such blocks an* 
not filled with concrete. Terra-cotta blocks 
are em]>Iovcd also to form partitions in place of 
brick, and an* also used hollow' ; in all such 
Avork the terra-cotta is usually concealed fron? 
A'icAV by a coating of plaster, and the surface of 
terra-cotta, Avhen it is intended to be so covered, 
is frequently providt'd with a series of dovetailed 
grooves to give a key to the phister which does 
not adhere ))erfectly to the smooth terra-cotta 
face. Whcr(^ it is desired to display this covering 
or casing in the finished work and to treat it 
decora tiA"ely, faience may be applied and may 
be built Aip so as to enclose columns or stan- 
cheons [125] ; but for such Avork the material is 
sometimes used,, not in blocks of considerable 
thickness as for external building, but in slabs 
of about 2 in. or less in thickness ; the outer 
surface moulded, modelled, and enriched witk 
coloured glaze, the inner surface often keyed, 
when it may be used as a facing to concrete 
filled in round the ironwork. Internal walL 
and partitions may also be lined with Faience 
for purely decorative effect and render.^ the use 
of appropriate designs possible [129]. 
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By J. A. HAMMERTON 


•John Morley and Frederic Harrison. 

Among the more iniiioriaTit 'writers whose 
works are, perhaps, remarkal>lc more for 
their soeial outlook than their intrinsie 
value as literature — though this is liigli — 
must bo named John Mokley (b. 1838), who, 
whilst undoubtedly his “ Life of (Gladstone ” 
is his magnum opus, had, before that work 
appeared in 1903, won a European reputation 
by his studies of Burke, Voltaire, Rousseau, 
Diderot, Cobden, Ciumwell, and MacJiiuvelli. 
The output is not small for one who is (ioinmonly 
said to have given to party polities what was 
meant for literature ; and we have not named 
all his literary work, which has included much 
of a journalistic nature. Mr. Morlcy’s style 
is marked by all the severity that characb'rised 
John Stuart Mill, whose pupil ho is. He studied 
law with Fredekic Harrison (b. 1831), who 
may be said to have given to Positivism what 
was meant for literary history, but who has 
been a stalwart in the battle for the extension 
of university education. His “ (Jhoico of 
Books and other Literary Piec'cs,” and “ Early 
Victorian Literature,” claim spe<Mal note in 
these pages. 

Critics of Life and Letters. In 

the .same galley may he classed tin; delight- 
ful essays of Auiujstine Bikrell (b. 1850), 
the writings, biographical and social, of 
Geobcie William Erskine Kitssell (b. 1853), 
the literary and philosophical reviews of 
William L. Courtney (b. 1850), a worthy 
successor to G. H. Lewes as editor of the 

Fortnightly Review,” and the reviews of 
Wilt JAM Francis Barry (h. 1849), the 

biographer of New'inan and a weighty critic, 
some of whoso studies in modern literature 
and dogma were published in 1904 under the 
title of “ Heralds of Revolt.” 'J’he prose essays 
of Alfred Austin (b. 1835) are of inliiiitely 
greater charm than liis verse. The “ Asiatic 
Studies” and ” T(hiny.son ” of Sir Alfred 
Lyall (b. 1835) are marked by distinction of 
thought and feeling ; the career of Lord 
Avebury (b. 1834) proves that a strenuous 
business life is no bar to the pursuit of litera- 
ture and science; Lord Goschen (b. 1831), 
best known as a statesman, is also a great 
educationalist, whose “Life” of his grand- 
father, the Leipzig publisher, is a notable 
book. Other critics of life and literature 
who may be grouped together here are : 
Sir M. E. Grant Duff (b. 1829), the diarist ; 
Sir James Crichton Browne (b. 1840), who 
has supplied the necessary footnotes to Froude’s 
“ life of Carlyle ” ; Sir Theodore Martin 
( b. 1816), whose “ Life of the Prince Consort ” 
and “ Memoir of Helena Faucit, Lady Martin,” 


are full of liuman interest ; Violet Paoet' 
(“ Vernon Lee ”) (b. 1850), w hose “ Renais- 
sance Essays ” arc full of charm ; Aliue 
Meynell, whose essays, “ The Rhythm 
of Life,” were at once hailed as “ el{issi(;al ” ; 
M. E. Betham-Edward.s (b. 1 83(5), wlio has 
done so much to explain French life and 
thought to English readies ; W. KoHERT.st)N 
Niooll (b. 1851), whose work as editof, 

(‘ssayist, critic, and th(‘ologian is informed 
with an individual styh‘, genuine love 
of books, and knowledge; of life, anti whose; 
seholarshi]) is noteworthy even in tliese d.-iys of 
vei-satility ; H. G. Wells (h. 180()), a novelist 
hy compulsion, whost; “ MaiiUind in the 
Making” and “A Modern Utopia” prove him 
to ho a psyclu>logist by naliin; ; Wii-liam 
Romaine Patkkso.n {“ Benjamin Swift ”) 
(b. 1871), of whom the same may he said by 
virtin; of his remarkable essay ” J’he Eternal 
(’ontlict”; William Hukrkll Mallouk (b. 184t)), 
of w'hoin also much the same ri'inaik might hi* 
made, but whose work goes dee}>ei* than that 
of Mr. Wells ; Richard le Gallienne (h. 1860), 
a true bookman, and a critic; who unites sound 
judgment with grace of style ; Gilbert Keith 
(hiKSTERTON (V). 1873), heiu'ath whose love of 
paradox is discernible the light of a far-seeing 
intellect ; A. T. Quilleh-Cijucii (b. 1803), dis- 
tinguished in literary (criticism as well a.s in 
fic'tion, his “ Advi^niures in (^riticism ” being 
a valuabh work; William Hale White 
(“Mark Kntherford ”) (b. 1857); Clement 
Kino {Shorter (b. 1858), author of “ Charlotte 
Bronte and her Circle ” and “ Sixty Years of 
Victorian Literature. ” ; Henry Havkix^(;k 
Ellj.s (I). 1859); Edvvaui) ('arpenter (b. 
1844); Robert Bj.at(’heord (“ Nunquam ”) 
(b. 1851) ; Sidney Webb (b. 18,59); Bernard 
Bosanqlkt (b. 1848) ; Millicknt (Urrett 
Fawcett (b. J847); and (iEokuk Laurence 
Gomme (b. 1853). 

Historical Writers of the Present 
Day. In the region of history the 
“ Na]H)leoni«; Studii's ” of Lord Rosebery 
(b. 1847) demand speeial mention, as d(j 
those also of J. H(»lt.and Hose (I). 1855). 
Martin Hume (b. 1847) has explore<l the 
Spanish and English archivi;s, and added 
greatly to our knowledge of the Elizabethan 
periocl. Albert Frederick Pollard (b. 1869) 
is the author of valuable Lives of Cranmer and 
Henry VII [. George Macaulay Trevelyan 
has written weighty studies of the England of 
Wyelitfe and of the Stuarts. ,IoHN Edward 
Courtenay Bodley (b. 1853) is one of the 
greatest English authorities on modern France. 
Justin McCarthy (b. 1830)— an Irishman— 
has written a “History of Our Own Times,” 
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which has commended itself to all parties. 
Edward Dicey (b. 1832) is an authority on 
the Balkans and Egypt. Albert Venn Dicey 
(bf 1835) has wTitten valuable works on con- 
pkitUtional law. Edward Spencer Beesly 
(b. 1831) is the author of a vivid study of 
Queen Elizabeth as a “ Statesman.” To 
James Oairdner (b. 1828) we are indebted 
for a standard edition of the Past on Letters 
and for his invaluable labours as editor of 
the Calendar of State Papers of Henry VlH’s 
reign. Goldwin Smith (h. 1823) is a philo- 
sopher and literary eritie as well as a historian. 
Thomas Rice Edward Holmes (b. 1855) is 
the author of a ” History of the Indian 
Mutiny ” which has superseded much previous 
study of the sul)ject. Wii.liam Henry Eit- 
chett has done a great deal to popularise the 
story of the Empire. Stanley Lane-Poolp: 
(b. 1854), the historian and archiuologist, 
has written voluminously and autlioritatively 
on India and the East generally, and his 
biographies of Stratford de lledclitfo. Sir 
Harry Parkes, and many other notable men 
are w'orks of standard* quality. Auoxtsti^s 
Jessop (h. 1824) luis w’litlcn admirably of 

Elizabethan men. and movements and of the 
medisoval Chureli in England. Ekaxcis Aidan 
Gasqupjt (b. 184(i) is the mo-st prominent 
Roman (Vitbolic historian of our day, and 
a great controversialist. Sir Rorkrt K. 
DouOLAS(b. 18.38) is a (list inguish(‘d Orientalist. 
3’he work of Alke Sophia Amelia Gkp:en 
merits honourable mention by tlu* side of that 
of her late husband, of “ Short History” fame. 
John Horack Round (b. 1854) and'RoBPUiT 
Flint (b. 1838) hav(‘ also made consider«ablo 
contributions to the sum total of our historical 
knowledge. 

A Group of Scholars. Of living writers 
on classical, philosophical, and economic subjects 
must be named S.^mukl Henry Butcher 
(b. 1850); Alfred J, Buti.rh (b. 1850); John 
Pentland Mamakfv (b. 18.30) ; Lewis 

Campbisll (b. 1830) ; Edward (^aihd (b. 
1835), Jowett’s successor at Halliol ; (3rAULE.s 
William Stubbs (b. 1845) ; Arthur James 
BALFOirR (b. 1848), whose “ Defence of 

Pbiloaopbic Doubt, ” and ” Foundations of 
Belief ” have awakened much discussion ; 
Alfred Russel Wallace (b. 1823) ; James 
Sully (b. 1842) ; Ed\vard Burnett Taylor 
( b. 1832) ; Sir Archibald (teikie (b. 1835) ; 
Sir Norman Lockyer (b. 1830) ; Rk^hjvrd 
Burdon Haldane (b. 18.50) ; Frederick 

Wollaston Hutton (b. 1830) ; John Atkinson 
Hobson (b. 1858) ; James Bonar (b. 1852) ; 
John Beattie Crozier (b. 1840) ; and Sir 
Oliver Lodoe (b. 1851). 

Some Theologians and Higher 
Critics. Lividing writers on theology and 
Biblical criticism include the following : Samuel 
Rolles Driver (b. 1840), Thoma.s Kelly 

Oheyne (b. 1841), Herbert Hensley Henson 
(b. 180.3), .CIharles Core (b. 185,3), William 
Boyd CAis^NTEtt (b. 1841), William Henry 
FremantLw (fei 1831), Oeoroe Adam Smith 
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(b. 1856), Stewart Salmond (b. 18,38), Wiluam 
Henry Bennett (b. 1855), James Hastings, 
Marcus Dods (b. 1834), Peter Taylor 
Forsyth (b. 1848), Andrew Martin Fair- 
bairn (b. 1838), Robert Forman Horton 
(b. 1855), W. F. Adeney, Cunningham 

Gkikie (b. 1824), and Joseph Agar Beet 
(b. 1840). The names of Archibald H. Sayce 
(1). 1846), the Assyriologist, William Mat- 
thew Flinders Petrie (b. 1853), the Egyp- 
tologist, and Ernest A. Wallis Budge, 
perhaps the greatest of living Assyrian and 
Hebrew scholars and antiquaries, also claim 
mention here. 

Some Famous Editors. When the 
sum of our knowledge of the Elizabethan 
dramatists comes to he computed, it will be 
diflicult to overestimate what we owe to the 
self-sacrificing labours of a student whose name 
will be .searcdi(‘d for in vain in the ordinary 
books of biographical reference — A. H. Bullen. 
Other leading editors are : Frederick 
James Furnivall (b. 1825); Israel Gol- 
LANcz (1). 1804) ; Sir Hknhy Craik (b, 

1840); Wii.liam Aldts Wkioht; William 
Walter Sreat (b. 1835), the (3iaucorian 
scholar ; Adoi.phus William Ward (b. 
18,37). the historian of English dramatic 
lit erat lire ; Henry Bkn./amin Wheatley 
(l>. 1838), editor of ” l^qiys’ Diary " and student 
of the histoiy and cf'Icbrities of London ; John 
Weslky Hales (h. 1830); (hiAiiLKs H. Her- 
FoRD (b. 18.53), whoso “ Literary Relations of 
England and Germany in the XVIth (Vnlury ” 
opened up new ground fur literary research 
and at the same time eov(*red the area with 
remarkable tlioiouglmess ; R. Warwick Bond 
(1). 1857), the i‘ditor of Lyly ; Paget 3?oynbee 
(b. 1855), the gr(‘at authority on Dante ; 
Ernest Hartley (Vit.eridoe *(b. 1840), the 
latest editor of Byron's poetry ; Rowland E. 
Protheko (b. 1852), the editor of Byron’s 
Letters ; (Jeoroe Walter Protheko (b. 1848), 
author of “The Life and Times of Simon de 
Monifort ” and other hist orii^al works ; William 
Michael Rossetti (b. 1829), editor of many 
poids, wdio has given us a standard edition of 
the works of his sister (Uiristina; William 
(Urew Hazlitt (b. 1834) ; William Baton 
Ker (b. 1855), wdiose “Essays on Mediaeval 
Literature ” atford a necessary corrective to 
dithyramhic Eliza bet ban ism ;«John H. Ingram 
(h. 1849), author of an excellent “ Life of Edgar 
Allan Poe,” and editor of various editions of 
Poe's prose and poetry ; Edward Vbrrall 
Luca.s (b. 1808), the late.st and most complete 
biographer of (3uirles Lamb, and the compiler of 
a eharining anthology entitled “The Open Rood”; 
Wiluam Aiu:heh (b. 1850), tho translator of 
Ibsen and a trenchant critic both of literature 
and the drama ; Arthur Bingham Walkley 
(b. 1855), perhap.s the most original of living 
writers on contemporary drama ; George 
Atherton Aitken (b. 1800), the biographer 
of 8teele and tho editor of tho best edition 
of “ The Spectator ” ; Percy Simpson, 
whose “ Scenes from Old Play Books ” should be 
in the hands of every young student of the 



English drama ; Edmund Kbrchbver* Cham- 
BBES (b. 1866), author of a valuable work on 
“ The Media3val Stage ” ; Thomas Wright 
(b. 18159), the authority on Cowper ; Stbphbn 
Gwynn (b. 1864), a leader of “ the (Mtic Re- 
naissance ” ; Arthur Symons (b. 1865), one 
of the most versatile of writers ; G. S. Street 
(b. 1867), a graceful essayist ; (Charles Whib- 
LEY, author of “A Book of Scoundrels ” ; 
Edward Arbeb, whose reprints are almost as 
famous as they are valuable ; Sidney Colvin 
(b. 1845), whose “ Life of Landor,” ‘‘ Letters of 
Keats,’’ and “ Letters of Stevenson ’ are notable ; 
Hilaire Belloc (b. 1870), a Roman Catholic 
writer, whose “Path to Rome” and “The Old 
Road ” are of special value ; Thomas Skcm'ombe 
(b. 1866), author of several cNeellent histories 
of literary periods and a corntietent editor ; 
Arthur Waugh (b. 1866), editor of Diektsis, 
Milton, Tennyson, and ,lohnson, and critic of 
general literature ; Gkoii(;e Wyndiiam (b. 1863), 
whose edition of Shakespeare's “ Soniu'ts ” 
is distinguished by an introduidioii that merits 
more attention than it has yet rc'ccived ; 
Sir Prank T. ^Iakzialls (h. 1840) ; and 
last, but not hvist, Sidney Lee (b. 1859), 
whose “ Life of Shakespeare ” may i)e said to 
sum up all tliat is known of the career of th(‘ 
national poet, and whose “ Life of Queen 
Victoria ” is another luminous and frank 
summary of carefully-digested data. 

A Course of Study in Contemporary 
Prose. To begin with History, there arc two 
works which the student will do w(‘ll to have on 
his bookshelves. One is Haydn’s “Dictionary 
of Dates ” (Ward, Lock), and the other “ A 
Handbook t)f European History, 476-1871, 
Chronologically Arranged,” by Arthur Hiissall, 
M.A. (Macmillan, 1897). 

A good grounding in modern European his- 
tory will be gained by a study of Sir 'riu‘odore 
Martin’s “Life of the Prince Consort,’ Mr. 
Sidney Lee’s “ Life of (hR'cn Victoria ” (Smith, 
Elder), Mr. Justin McCarthy’s “ History of the 
Four Georges and. of William IV.” and “ History 
of Our Own Times, from the Ae(?ession of Quc'cn 
Victoria to 1807 ” (Chatto & Wiiulus), and Mr. 
John Morley’s “Life of Gladstone” (Macmillan). 
All of these w'orks are as delightful to raad as 
they are informative. For the study of Greater 
Britain we commend “ A Short History of the 
Expansion of the British Empire, 1500-1876,” 
by William Harrison Woodward (Cainbrklgt^ 
iJniversity Press) ; “ Problems of GreatiT 

Britain,” by Sir Charles Dilke (Macmillan) ; 
and Sir A. C. Lyall’s “ Asiatic Studies,” “ Rise 
pf the British Dominion in India ” (Murray), and 
the “ Rulers of Jndia Series ” (Oxford University 
Press), We would commend also Mr. J. K. C. 
Bodley’s “ France ” (Macmillan) and the 
“ Journals ” of the Royal Qolonial Institute and 
Society of Arts. 


LITKRATURB 

Literaryf Biography, History, and 
Critiepism. There is, we firmly believe, no 
more intere.sting and valuable biography for 
the literary student than the memoir of Tenny- 
son, by his son. Next to this w'e should 
place “The Letters of Robert Browming and 
Elizabeth Barrett,” edited by R. B. Browning 
(Smith, Eldi!!’). A valuable handbook is Mr. 
Frederick Ryland’s “Chronological Outlines of 
English Litcratur(‘,” from the year 600 to 1899 
(Macmillan, 1890). Of Dr.‘ Georg Brandes’ 
“ Main Currents of the Literature of the Nine- 
teenth Century ” and ;M. Fredthie Lolliee's 
“ History of Conipaiative Literature” competent 
translations liavi^ been published by Messrs. 
Heinemann and Hodihu* & Stoughton, respec- 
tively. The first of these two works is in 
several volumes, and is of the lirst importance. 
Professor Saintslmry's “Loci Critici ” contains 
a series of passages illustrative of critical 
theory and practice* from the time of Aristotle 
to the day of .Matthew' Arnold. It is published 
by Messrs. Ginn. Otlier works of valiu; are 
“Principles of (^'itieisju” (Allen) an<l 
“Judgment in Literature” (Dent), by Basil W. 
Worsfold: “Studies in LitcratunC’ (Kcgan. 
Paul), by Professor Dovvdeii ; the “ Miscellanies” 
(Macmillan) of Mr. .John Morley ; “QiK'stioris at 
issue” (Murray), l>y Mr. Il]dmimd Gosst? ; the 
“Obiter Dieta,” and its companion volumes 
(Elliot Stock), by Mr. Augustine Birrcll ; and 
the “ Studies in Two |jitera1ur(\s” (Heinemann), 
by Mr. Arthur Symons. Oius cannot praise too 
highly the eombini'd humour and intrinsic value 
to students of grammar and composition of a 
vohimo entitled “ M’he King's English,” puh- 
lisljcdby th(‘ Oxford Univa'rsity Press (1906), 

Contemporary Essayists. This ground 
has lieen well covered in our short study of Life 
and Letters, in which all the leading essayists 
are naimal : but. wc* would suggest to the student 
the, necessity uf keeping abreast- with current 
f'xamples of the essay as they arc to be found in 
the leading montlilics and (juarterlies. One 
American imaitbly, the “ Atlantic,” must not be 
overlooked, and “Har])er's Magazine” contains 
soHK) of the best eriti(;al essay writing. 

Greek and Latin. Professor 8. H. Butcher’s 
“ Aspects of the Greek Genius,” Professor Gilbert 
Murray's “ Ancient Greek Literature,” and 
Professor J. W. Maekairs “ Latin Literature,” 
are works that ari^ among the best of their kind. 

Continental Literature. Professor Dow- 
den’s “Histoiy of French Literature ” and the 
other volumes' in H<‘inemann's “ Short Histories 
of the Literatures of the World ” mv commended. 

Philosophy and Religion. Consult the 
works the titles of wliieh are attached in any 
good biographical handbook to the names of 
the WTiters referred to in the fourth and fifth 
paragraphs of our list of the leading representa- 
tive wi-iters of the day. 


Continucl 
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tECHNICAL DRAWING 

Scales, Instruments, Plans, and Elevations. Examples of Engfineers* 
Drawing's. Drawing as a Written Language. Colours and Lines 


By JOSEPH W. HORNER 


TTIE preliminary knowledge necessary for thc' 
* art of technical drawing comprises geometry, 
projection, development of surfaces, et(\, all 
of which sciences ari^ dealt with under their 
respective headings ; this knowledge, together 
with the accurate use of scales and instrumenis, 
forms the purely mcchani<'al side of the craft. 

The Scales. The first essential quality 
for the construction of a drawing is the careful 
working to scale with every line and curve, and 
it is only by strict attention to this that success 
is to be attained. Tt must be borne in mind that 
a drawing should be a faithful representation of 
the raaebine or piece of work that it is intended 
for, and that, as such, it must not convej' dis- 
torted or inaccurate proportions eiihiu' as a 


whole or in any del ail. The scales most com* 
monly in use are as follows : 

in. to I ft. or ^\»th of full size. 


i .. 

• kth 

>* »» 

3 

H 

„ Tjl^nd 

1 „ 

„ M^th „ 

3 .. 

•* i^^th ,, 

1 

iLth ,, 

n . 

ith ., 

3 „ 

itb .. 

b 

,, ^ •« 

1‘2 

full size. 


The usual scale, as an instrument, is 12 in. 
long, and is made of cither boxwood or ivory ; 
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the latter is, of course, the 
most expensive, and has the 
longer life ; the markings on 
it, hov/ever, become effaced 
with continual wear, and 
require to be re-engraved. 

Scales are made either 
fully divided [1], open 
divided [2], or open 
divided double 1 3]. The 
last is a very useful 
form of scale, as ])rae- 
tically the whole range 
of ordinary scales are 
embodied in the one 
instrument ; one side 
being marked with 

J, and 1 in. to 
1 ft., the other side 
bearing j, 1.J, and .3 in. to 
1 ft. Half-size and full-size 
drawing.s are made with an 
ordinary engineer’s rule ; 
alternatively, half-size draw- 
ings may be made w ith th< 
counting each ^ in. as I in. 

Instruments. With regard to instruments, 
a useful outfit consists of one pair of 6-in. 
compasses, knee-jointed, and provided with pencil 
point, ink point, plain point, and lengthening 
piece ; one pair of ink bows ; one pair of pencil 
bows; three spring bows, ink, pencil and point; 
one or two drawing pens ; protractor ; and two sot 
squares. This list may bo amplified to a con- 
siderable extent to suit the taste and pocket of 
the draftsman, but all the essentials are con- 
tained therein. Amongst thc^ many sizes of 



6, HAIOKN’S ORArrjNG TABhD 


UNIVERSAL DRAFTING MAdllNE 

drawing papers manufactured, engineers prac- 
tically use but two — imperial, 30 in. long 
by 22 in. wide, and double elephant, 40 in. long 
by 27 in. wide ; consequently, the regular 
drawing board is the double elephant size, 
with T-square to suit. 

Of late years eonsiderable attention has been 
paid to the development of tlio board and square, 
the object in view being to increase the output, 
of the draftsman by decreasing the number 
of mechanical movements which are necessary 
to produce a given number of lines, and at tlu^ 
same time to introduce a more healthy position 
of working than that of lialf lying on the board. 

Universal Drafting Machine. A 
good example of a time-savirig apparatus 
is the Universal Drafting Machint^ [♦].. wliicli 
consists of a graduaU'd square having an 
accurate parallel motion about the drawing 
board ; botli blades of the scpiare are gradUfUed 
for drawing and measuring lines at ihesame time. 
The blades, or scales, are. iutta’cliangoable, and are 
supplied in any length and with any sc-ale desired. 
With this machine it is possible to draw lines 
and scale them at the. same time, both hori- 
zontally and vertically, thus eliminating scales 
and set squar(‘.s as separate tools. 

The matdiine is readily .set at. any angle, and 
consequently in angular work the comparative 
convenience and saving much greater. 

The drudgery part of tlio work is removed, 
thus saving time and leaving the mind more 
free for the art of designing. 

Drawing Boards, the usual draw ng 
board is phiced either fiat upon a table or is 
slightly angled by pac^king bloc^ks underneath. 
If it is packed up to a sufficient angle to relieve 
the draftsman from the cramped position of 
bending over it, the squares, tools, etc., slide 
off the board, and in the endeavour to obviate 
these defects a numbi^r of ingenious drawing 
tables have been put on the market. A 
modem, well-designed and well-constructed 
apparatus is iUustrated in 3. The T-square is 
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HRACKKT AND IMILLKV.S IN 
EXTERNAL ELEVATION 


replaced by a straight/cdge which can move either 
in a dead parallel line or at any reasonable 
angle, the board is arranged upon runners, and 
can be raised or lowered to suit the draftsman ; 
when in its highest position the table beneath 
can be used for caleiilations, writing, ete., 
the runners in turn are hinged and can bo readily 
set at any desired angle for (;onvenient working ; 
drawers arc fitted in the table for instruments, 
etc. 

Elevations and Plans. For whatever 
purpose a drawing is made, it is rarely sufficient 
to give simply a single view of an object ; shaft- 
ing may bo so dealt with on a detail drawing, 
but the majority of objects demand two or more 
elevations, a plan, and perhaps several sections. 
Elevations and plans may bo simply external 
views of an object, with or without dotted 
interior work, or they may bo sectional views 





howing the internal work full linos, or they 
may bo half sectional and half ex- 
ternal. Again, consider- 
ing general arrangement 
drawings, it is permissible 
to show an elevation or a 
plan with a portion of the 
machine removed in order 
to better depict the in- ^ 
lemal work ; in this way 
cover-platcs or foot- 
plates may be omitted or 
broken away so as to give 
greater clearness to pipoj^. 
gearing, lover work, and 
so fortii, which would 
otherwise be dotted. In- 
verted plans or under- 
neath views are some- 
ti nics desi rable. Sec tions 
are not always absolute — 
that is, although a view may bo justly termed 
a section, it will generally have some portion of 
it- in pure elevation. For instance, a section cut 
through a bolted joint w'ould invariably show 
the bolts in external (elevation, or, in the ease of 
shafting passing through bearings or pulleys in 
section, the shaft would not bo shown in koc- 
tion. A section may bo developed upon a 
diagonal lino or even upon a zigzag line if a 
clearer idea of the work may be thus obtained. 

Examples of Drawings. The follow- 
ing examples il lustra to some of the foregoing 
remarks : 6 shows a bracket and pulleys in 

external elevation, 7 shows the same work in 
section, while 8 sliows it in elevation w'ith sec- 
tional view dotted. It will be noticed that a 
certain distinctness or relief is obtained by making 
some lines thicker than the others ; this is based 
upon the assumption that light strikes the object 
from the top left-hand corner, leaving all the to}> 
and left-hand lines of a thinner character than 
the lower and right-hand ones. The centre 
lines arc shown chain 
dotted to distinguish 
them from the ordinary 
dotted lines; the V- 
screw threads in the 
full section are indi- 
cated by alternate 
thick and thin lines, 
the thick ones being 
the shorter of tho two 
and representing the 
small diameter of the 
thread ; these threads 
again in the dotted 
sectional view arc 
shown by parallel lines 
indicating the top and 
bottom of the thread. 

A lathe poppet par- 
tially in external eleva- 
tion and dotted section, 
and partially in full section is shown in 9 . The 
square thread here is clearly indicated for a 
portion of its length, the rest being shown by 
parallel lines, those representing me base of 


BRACKET AND PULLEYS 
IN SECTION 
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the tliread being dotted 

The centre spinole is t'-'i 

shown in external clova- 

tion although the hur- 

rounding work is in sec- 

tion ; a portion, however, c-; 

is broken away and r< ,,v-rrrr , 

shown in section so as to 1“^ v^-'y^i 

let the key for the hand' j -— 

wheel bo indicated more j : T;~l 

clearly. The head of the ^'>1 rz ' 

tightening or holding- VA/ 

down bolt has diagonal 
lines shoi^Ti thereon, in- V'A 

^dicating that the head > 

is square in plan. VA 

Drawing a Disc v\ 

Grinder. Three views ''i\~ " 

of a disc grinder are 

shown in 10 . It will bo ^ 

seen that it is necessary J 

to compare one view with ^ 

another in order to ob- 
tain a correct ajipre- 

elation of the form and ’ 

disposition of any detail, as well as of llie machine 
as a whole ; the reference letters thereon will facili- 
tate this comparison. The stand A would require 
two or more sectional views to give an idea of 
its interior. The discs B B are shown in the end 
elevation togcth(*r with the disposition of their 
holding-on screws ; their distance apart, their 
thickness, and their bosses are indicated in 
side elevation and in plan. C C are the eaps 
for the spindle that carries the discs ; the plan 
view' gives additional information to the side 
elevation. D is the belt pulley which, being 
circular, does not require many views. K E 
arc the tables for supporting the work to he 
gi'oimd. They require all three views to give 
a correct idea of their form ; they arc arranged 
to tilt and they have protractors for setting 
to angular grinding as sliowii in the plan view'. 
The supports F F which carry the tables are 
adjustable vertically ; they can be set to an 
angle by the discs 0 C, w'hich are also developed 
clearly in all throe view's. H H are handles by 


;;V-. 




; \ 

I; ■ ' ' \N 

”7 '■'--xj J: ; 

, i' f 

^ O’, 


v: w'hieh the tables may he swung. 
vA'cl'S water tank, and K is a 

tool tray, hoili of w'hich are 
to lx‘ seen in the various vic*\vs. 

Value of Drawings. Tlic exact number 
of view's required of any particular machine or 
object depends upon the complexity of its form ; 
the objective to be attained is so to depict and 
dimension it as to leave no room for doubt in 
the mind of the w'orkman as to its true form 
and dimensions. 

A drawing is a form of wiitton language 
which must he expressed in as clear and concise 
terms as possible ; it is a language, too, which 
has its idioms and conventionalities, w'hich will 
become apparent to the student as he progresses 
in the art. For instance, sections are either 
cross-hatched or colo\ired in a distinctive 
manner so as to indicate the vario\is materials 
ernploytHl ; the practice of colouring a drawing 
is not so prevahuit as it was before the advent 
of phototy])e printing, and the now wide 


8. BRACKET AND I’ULLEYS IN 
ELEVATION WITH SECTIONAL 
VIEW DOTTED 




, J 




9 . LATHS POPPET PARTIALLY *N EXTERNAL ELEVATION AND DOTTED SECTION AND 
PARTIALLY IN PULL SECTION 
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10 . rOMPARATIVfi VIEWS, ELEVATION, AND 
OF A DISC GRINDER 

adoption of the ferro-prussiate process, con- 
sequently the (Toss-hatehinj< of sections has 
received more attention. The usual cross- 
hatchings in practice are sho\vn in 11 (A— -F). 
The usual colours aiv as follows : 

Steel . . Violet carmine. 

Wrought iron . . Prussian blue, 

t-ast iron . . Neutral tint. 

Brass . . Gamboge. 

Timber . . Burnt sienna, 

i’l’equently sections are simply cross-hatched 
as in IIG and the name of the material written 
thereon. 

Dimension Lines. There are many lines 
upon a drawing which form no part of the 


article itself, but are still very 
necessary ; tlu‘ centre of any symmetri- 
cal body is always located by a line of 
distinctiv^e colour or formation ; such a 
line is termed a cent re line, and it forms 
a most convenient basis both for the 
<‘oiistruction of a drawing and also for 
r dimensioning. 'Hns applies not merely 
to the larger portions of a machine, 
. g but down to each and oveiy bolt and 
(r \j^ rivet. These lines, again, arc v<^ry oft,en 
’ I ^ C ?’eproduct»d upon the machine itself, 
forming bases of measurement for the 
correct location of shafts, gears, bolts, 
^ " etc. Dimension lines are also a 

necessaiy adjunct to a working draw- 
ing and are also shown in a distinctive 
PLAN colour or formation ; the word, of 
course, explains itself, and it would 
appear a simple matter to cover a 
drawing with dimensions. But the placing of a 
dimension line upon a drawing demands experi- 
ence if that dimension is to be a useful one, and 
in this connection it is necessary for the drafts- 
man still to look at the drawing from the point of 
view of the workman ; he must place himself in 
the position of the patternmaker and figure on the 
dimensions he would require in order to make the 
pattern ; he must place himself in the laaiftta on of 
the blacksmith or forgeman and give jIm the 
necessary figures. And so in turn witK^Uters, 
boilermakers, machinists, fitters, and so forth. 

Drawing and Tracing. The procedure 
followed in making a 'drawing depends largely 
upon office arrangements and size of Btai!» and 
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both of these vary considerably in different 
establishments. The da^s when a draftsman 
inked in his drawing and carefully shaded and 
coloured it are distinctly past ; economic division 
of labour, together w'ith the advent of phototype 
printing has resulted m the draftsman leaving 
his drawing to be traced 
by lower salaried mem- 
bers of the staff. The 
drawing is, however, 
completely finished in 
pencil — lines are 
properly dotted where 
necessary, all centre lines 
and dimension lines with 
dimensions and ncdc's 
are 'y figured on ; it is 
then handed to a junior 
to be traced. This done, 
it is checked and sent 
to the photo department 
to be prinUd. When a 
draftsman inks in his 
own drawing or traces 
it, he does not tinisii it 
so completely. In On? 
pencil st age, for instance, 
dotted work is shown in 
full lines and no dimen- 
sions or note.s are fignrisl 
on ; this is, of course, 
simply to avoid useless 
repetition of work. 

Colours and Inks. 

Another time-saving 
element is the use of 
liquid colours or inks. 

The time? honoiii'ed 
device of w'astiiig half an 
hour a day in rubbing 
down inks and colours 
finds no place in tlie 
modern office ; there art^ 
plenty of reliable liquid 
inks of various colours 
now on the market- 
and they are distinctly 
cleaner and more uni- 
form to use. Black is, of course, the standard 
colour for the ordinary lines, and some firms 
prefer to use it for centre and dimension lines as 
well, as it give.s the best printing results. In such 
cases these lines should have a distinctive form or 


dotting in order to prevent confusion. Brick red, 
carmine, and indigo give very good printing results 
and may bo used for centre and dimension lines. 

Printing. Reference to phototype printing 
has been made, and a short note upon the subject 
W'ill not be out f)f place. Broadly speaking, there 
arc three processes in 
vogue — VIZ., black line 
on white ground ; blue 
line on white ground ; 
whit-<‘ line on blue 
ground. The latter pro- 
(M*ss is the simplest, 
cheapest, and most gen- 
erally list'd, but has the 
great diuwbaek that it 
will not show colours 
properly, the ground 
being blue. 'Fhe first 
named is the nearest 
approach to the literal 
r<*prodiu;tion of a draw- 
ing, but it requires more 
care during the })roeess 
and ih'nuinds a more 
])t‘rfeet tracing ; a crease 
or tlirt mark is ])rinted 
readily. It has, bow<fver, 
togetlier with thes<*eond- 
na-mt'd proet'ss tia* great 
advantagt^ of being 
colourable. Prints are 
made in eitliei* daylight 
oj‘ electric light ; the 
latter is tlu* usual method 
as weather and seasons 
do not interh're with the 
work. The regular tyjH* 
of machine [121 consists 
of a (cylindrical glass 
frame into winch an arc 
lamp descends at any 
predetermined speed, 
the tracing is laid on the 
outsidi; of the glass 
cylinder with the sensi- 
tised jiaper outsidt' of 
that again ; cloth covers 
are then closed ov<‘r and fastened, current is 
switched «m, and the lamp lowered by auto- 
matic gear at the retiuired spi'cd. Upon eomph.*- 
tion the print is removed, treated to (-‘hemieal 
or water baths as required, and dried off. 
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THE FINANCE OF HEALTH 

HEALTH 

2 

Life Shortened by Ignorance, Carelessness, and Wilful Neglect. 

CoTitiiir.ed from 
page 2MU4 

Bankruptcy. Living too Fast, How Strength Varies 


By Dr. A. T. SCHOFIELD 


1 ET U3 now turn to a brief and comprehensive 
^ view of ill-health. 

Ill-health is when the balance, the equilibrium 
of destruction and repair, is lost ; and the 
weight in the scale of life is greater on one side 
than the other — generally on the side of destruc- 
tion. Wlien it is entirely on this Hid(\ and repair 
has ceased altogether, the result is death. But 
this is when life, which in this sense is mind, 
is gone, and all movement therefrom has ceased. 

Causes of Death. There are over 1,000 
varieties of ill-health, or diseases, though there 
are only three ultimate causes of death — failure 
of the nervous system, or coma ; failure of breath, 
or asphyxia : and failure of the heart, or syncope. 

Thirty years ago a great many diseases w<*re 
thought to be non-preventibh* wliieh are now 
being constantly prevented. Among them, we 
may mention all the infectious fevers, including 
typhoid and cholera, as well as consumption, and 
sometimes cancer. Indeed, it is now dillieult, if 
not impossible, to point to one absolutely non- 
proven ti ble d isease. 

Why, then, do eight out of nine people still 
fail to live out their days and die before their 
time ? Why does the average expectation of 
life stand at 4.‘1 years instead of 75 or 1 00 ? 

How Life is Shortened. There arc at 
least three great reasons —ignorance, careless- 
ness, and wilful neglect in general, and especially 
of the five laws of health. 

Ignorance of these simple laws in their appli- 
cation to th(* individual is still very common 
among the so-called educated classes as well ns 
among all other members of the community. 

Carelessness, to which, besides many diseases, 
nearly all ac(;idents and infectious fevera are 
due, is found everywhere, and is of a very different 
type from the wise carelessness that makes for 
health. 

Wilful neglect is, of com so, the most sinful of 
all, and amounts morally to suicide, or even to 
manslaughter when it results in death, and it 
takes on its most repulsive form when it is the 
means of infanticide. It has been pointed out 
that the most fatal of the three is wilful neglect ; 
carelessness being less so, and ignorance, with 
which is allied superstition and quackery, being 
le^t fatal of all. It is unspeakably* sad to 
think that some 200,(KX) die prematurely every 
year in this country from these three causes, 
and that some 7,000,000 people are needlessly 
ill. What a loss this is to a nation’s wealth may 
be computed when wc remember that the average 
value of a man is £158 Is. fid. 

The Laws of Htolth. The five laws of 
health are, as we know, good food, pure air, 
cleanliness, suitable dress, and proper exercise 
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and rest. Wliat strikes one immensely is the 
extreme simplicity of these hygienic precepts. 

We all know them, but it is probably true 
t o assert that not one single reader of these pages 
can say ho has kept them ; nay, further, that 
there is no reader but can distinctly recall, if 
he takes the trouble, some occasion when ill- 
health has arisen from the clear infraction of 
one of them. It is one thing to know, quite 
another to do ; and health consists in the 
latter. Granted that at first sight the predis- 
posing causes seem beyond our power to prevent ; 
but, inasmuch as we must over remember that 
they merely weaken our resisting power, and 
never in themselves absolutely produce disease, 
there is no reason whatever, apart from exciting 
eau.ses, why ill-health should ever arise from 
them. 

Health and Age. Age has a good deal 
to say to healtli, as the following remarkable 
table shows. 


1 UKATH.S |>KK 1,0(H» OF THK IN )|’l’LAT]ON IMOK ANNI’m] 


a> 

-1-' 


1 





s 


! 

1 





4-1*2 

I'i-'jo ; 5d0-:n 

34-r>4 j .’54-74 

74-00 



s 

years 

years , years 

years j years 

years 


Oi 

c a 
a> 

s 

E 

U-i 


1 

j 




i 

i 

• ! 


Male . . 

153 

1 

1 71 

(( 

.'i X 

IX ' 10 

1 2*29 

Female | 



" 1 

^ 1 

1.3 43 j 

‘210 


This table is well worth a moment’s thought 
when we consider that it applies more or less 
all over the world, affecting millions of lives — 
for about 70 are bom and die on this globe in 
each passing minute. It will be observed that 
the deaths during the first four years of life 
nearly equal those during the next 70 years ; 
in other words, that one year before the fourth 
year of life is as dangerous as 70 years after. 

If a child can live till it leaves the nursery it 
has a chance of growing up ; a mortality of 70 
under four dropping at once to six when over 
four. A human being never again enters such 
a fatal period as the nursery until ho is over 
74 years of age. And why ? Because in infancy, 
when the child can do nothing in the way of 
self-preservation, ignorance, carelessness, and 
wilful neglect reign supreme, and the results 
are awful. 

A young baby’s life is as easy to snuff out as 
a candle, and 12 under four are lost each year 
for every one over four — for by this time the 
organism is hardier and better able to resist the 
carelessness with which it is still surrounded. 






There is no doubt that from the time growth 
ends till old ago begins — a time of some 30 years 
or so— ehould be a period of special good health, 
the organism being then free from diseases of 
^owth or degeneration. The two changes in 
life at about 15 and 45 are times when some 
special care is often needed with regard to health. 

But if, during this 30 years, health is firmly 
established as a habit, the latter period need 
not bo feared. 

Kffects of Habit. Habit counts for much 
in health, and when all the organs of the body 
have worked well together for years, they be- 
come hardy, like seasoned veterans, and can go 
anywhere and do anything. 

During growth, however, not only the body 
but the character is being formed, and if under 
four the dangers are chiefly due to the indiscretion 
of parents or nurses, after that ago they become 
increasingly due to one's own folly — a constant 
source of danger. 

Finally, then, our endeavour should he first 
to live out our days and tlie a natural death, and, 
secondly, to keep our health while we live. 

Not, let it be repeated, that either life or 
health arc ever to be the objecl of our lives. At 
best they are but nuans to higher and worthier 
ends, and anyone short-siglited enough to make 
them the goal of life will lose one, if not both, 
of them. No man is in health who lives to pre- 
serve his hcaltli, but that man is in the best 
health to whom his (Jod is first, his neighbour 
second, and himself last. 

Health Finance. The bringing of the 
language of the counting-house to bear on the 
question of health may prove of groat value 
to our readers. Stereotyped language, familiar 
phrases, oft-repeated maxims, soon lose their 
power, and fail to effect any good. Tlieir 
very familiarity obscures the force of their 
meaning. Utter them in some novel way, 
or in some foreign tongue, what power tli(‘y 
have ! How much more ini [nosing psychotherapy 
is than mind - healing, cardiac than heart , 
gastralgia than stomach-ache, hygiene than 
health. Small manuals abound on every book- 
stall and in every shop ; but if we are to 
arouse our readers to such a serious consideration 
of these matters as can really benefit them, we 
must seek to put old truths into new lan- 
guage, and use fresh means to impress familiar 
&icts upon the mind. 

No doubt when wc observe multitudes suffering 
from the results of iijnorance, carelessness ^ and 
wilful neglecty our sympathies lie mostly with the 
ignorant, and it is truly pathetic to see the 
numbers that become hefjUth bankrupts solely and 
entirely from their ignorance of the merest 
elements of finance. 

It is, indeed, thi.s piteous spectacle of seeing 
not only the poor, but the educated classes in 
midnight darkness respecting the most ele- 
mentary health questions, simply because their 
boasted education left off at this most vital 
point, that moved the author to devote himself 
for some years almost entirely to the cause of 
health teaching, and to seek so to extend the 
curriculum, especially in girls’ schools and 
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women's classes, as to include the vital subject 
of hygitme. When we think .low easy it is 
to acquire sufliciont sound knowledge on this 
subject to bo of real use, wo must all feel that 
no education is complete that does not include 
a practical knowledge of personal and domestic 
hygiene. 

Health and Wealth. What, then, is 
meant by “ Health Finance ” ? It is the applica- 
tion of commercial Innguago to the principles 
of health. It is to write of the amimon health in 
terms of commonwealth. It is to understand that 
w^ealth consists rather of health than money, 
even for the rich, while it is the sole wealth of 
the poor. 

It is, indeed, in this class that this pathetic 
ignorance ciilminati's. No child plays with 
money more foolishly than many men play 
with health ; no spendthrift is nioiti reckless 
with his dollars than many are with their life- 
force, and whil(‘ with tlu' rich the resulting ill- 
health may havi* its terrors mitigated and com- 
pensated for by inatx*riul ^(‘alth, with tht^ poor 
it means veritable and literal hankrupicy, 
for the ill-health which proclaims the health 
failure is also, in the bread winiua-. the cutting otf 
of all power of earning money. Our ordinary 
language, to som<‘ exUait, expresses tlie parallel 
between health and wt‘alth, for when we talk 
of a “ poor ” creature, we as often mean one in bad 
health as in grt^at poverty, ’rhe })hrase deriot(?8 
etpially W(‘ll a deticiency of stnaigth or of money. 

“Health Finance" embraces a knowledge of 
what in life constitutes capital and income and 
ex peiuHture, and some idea of the current rates 
of living. It brings home to us our (extravagance 
in various ways, while it also shows the folly of 
some sorts of ])arsimony. 

Foolish Economy. The difticulty that 
we tiy to guard against in writing on this subject 
is to avoid transforming some of our readers into 
what may he called “ lu'alth prigs,” or valetudi- 
narians. Just as a person is intol(‘rahl(s and is 
right lydespis('d, who is ev(*r talking of how care- 
fully he lives within his income;, and how 
particular he is about every p(;nny he spends, 
so is a man ecpially ohjectionahle who won’t 
do this or that h(*cause he is full of ideas that 
he is spending too much life-force, and who thus 
becomes a v(*ritable hypochondriac. 

Such action can only he the r(\sult of a rank 
abuse, and never (.>f the wholesome use, of this 
section. The suhjeet, must be de.Llt, with, 
because this knowledge is still so mu(di needed, 
for although health manuals alxmnd, their 
maxim.s an; not followed, and they, one and 
all, treat of the bod if only ; while wt; shall 
always endeav('»ur to speak of the man. as a 
whole, including in this term very specially 
uiotnan, as being, after all, the one who is prin- 
cipally interested in personal hygiene. 

Let the wise reader, then, carefully read 
and assimilate the facts here presented to him, 
and make up his mind whether he is going to 
live on a sound financial health basis or not. 
Some of our greatest men and women deliberately 
accept the latter alternative, and lay down their 
health, and even their lives, for the sake of 
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serving others. To such be all honour, but for 
the bulk of our readers it is wisest to answer 
“ Yes,” and, having done so, to find out, in 
general terms, how to apply the principles to 
weir own individual lives. 

The first thing then to do is to cease to woi^ 
about one’s health, and to live with that wise 
carelessness of which we have already spoken — 
the outcome of a healthy spirit, and the pledge 
of a healthy body. A carelessness springing 
from knowledge differs in every respect from 
that which results from ignorance — the one is 
xviae^ the other most unwise. 

Bankruptcy. We now pass on to questions 
of bankruptcy. Wlien capital runs low, and 
the individual is conscious that his stock of 
reserve force in any particular body system 
is dwindling, he probably socks, first of all, 
to stave off ruin by stimulants of various sorts 
according to the part most drained. If the 
nervous system is giving out, he tries to recuper- 
ate it by powerful nerve tonics ; if the circulatory, 
by strong heart medicines ; if the digestive, 
by all sorts of patent and digestive foods and 

E epsin pills ; if the locomotor, or mnscular, 
y electricity, massage, and the like, and so on. 
Or he may very foolishly fly to alcohol, a stimu- 
lant that only makes further drafts uiDoii what 
little capital may be left, for it never adds to th(^ 
reserve energy, but, like a whip to a tired horse, 
forces us into activity by using up our resotirees. 

Tlie other systems may still have reseive 
force to spare, and yet the man as a whole may 
break down through weakness of one of the 
chief systems. Of course, if the failure Ixs 
absolute, death ensues ; if only partial, ill- 
health. It matters not, as wt have said, whether 
we are egoistic, squandering our capital on our- 
selves, or altruistic bankrupts, sjx*nding it on 
others — the result as to health is the same. If 
the failure be only partial, wc become ill, and 
fall into the doctor's hands ; and, if ho be wis<\ 
hh does not leave us just when we ar<^ able again 
to meet current expenditure, but insists on our 
replacing our spent capital! and storing up our 
reserves — very expensive and trying work. To 
replace lost muscle by special treatment costs 
at present about four or five guineas a pound, 
while nerve and heart force are at least as costly! 
When we remember that with the poor health 
is their only wealth, it is easy to see of what 
vital importance it is to them that their reserves 
be not trenched upon, for their chances of re- 
placing them are very remote. 

We have already suggested in this connection 
that we have to do with different sorts of people, 
as well as of expenses. We may now consider 
those in a little more detail. 

Differences In Income. In the first 
place, there are men and there are women, and 
the latter in strength are (or were until recently) 
to the former as, roughly, 5 is to 8. In this 
ratio, if the income of the former be 320 foot- 
tons (a ton raised a foot) a day, that of the 
latter in equal health would bo 200 — a consider’ 
able difference, showing at once that no real 
general com^tition with man is either possible 
or desirable^ oy wolnan, 
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Then, again, some are naturally rich and some 
poor, and the former have great advantages over 
the latter — ^advantages they may either use or 
abuse. The rich have not to use up all their 
energies in earning health incomes, and the 
result is they are much more free to spend them 
as they wish. If, then, the person and his 
objects be good, this freedom that wealth gives 
is a benefit ; if tlioy be bad, it is an evil — all 
depends on the man. The disadvantages of the 
poor wo have already s|>oken of ; they are 
piteous enough, and exist whether the person 
be good or evil. 

8ome, again, are rich in one sort of capital 
and poor in others. That is, they may have 
strong heads and w’eak hearts, or sound 
stomachs and congested livers, and so on. The 
great object with these should be to know 
exactly the system which is most likely to become 
bankrupt, and try and make that system equal 
in strength to the other — as, for instance, the 
n^spiratory system in those born with weak 
chests, with no reserve force to resist disease. 

Men and women, again, are made with very 
different health dispositions, some being born 
spendthrifts, others born financiers, ready to 
make the best use of all they have. 

Effects of Occupations. Occupation, 
again, has a great bearing on the health expense 
of living. In the English nation, the proportions 
of some of the leading classes of occupations are 
as follows : 

There is, first, the professional class, number- 
ing some 7,000,000, whose health expenses are 
great. 

Second, the domestic class, mostly women, 
about 6,000,000, whose expenses are less. 

Third, the commercial class, of some 800,000, 
who, again, have to spend much. 

Fourth, the agricultural class, of some 
1,600,000, who can live economically. 

Sixth, a. non-productive class of children, 
women, and idlers, of 7,500,000, whose health 
expenses should be low. Generally speaking, 
iive-sixths of the community are materially poor, 
and onc-sixth are rich. 

Tho health expenses — as well as the people 
themselves — must vary much. Brain and heart 
work are both costly, and all unhealthy work 
involves great expense. Of course, there are 
different sorts of expense, according to the par- 
ticular system that has to pay the bill ; and an 
effort should lx> made by the man who owns all 
these systems to save tho expenses of the poorer 
and weaker ones, and make the richer and 
stronger systems pav. How to do this we shall 
see better in detail luither on. 

Not only, however, can special economies 
always be exercised, but general economies as 
well ; and hundreds of labour-saving appliances 
help us to this in the present day. 

In short, without penuriousness and undue care* 
fulness, a watchful eye should generally be kept 
on the health expenditure, and any unavoidable 
runs on the bank through ill-health, caused, 
maybe, not from financial indiscretion, bat 
through some invading horde of nfiorobes, should 
at once be stopped. 



Women should understand these things even 
more than men, not only because their income is 
smaller, but because they have so much more 
to do with health than men, being mostly born 
nurses, and having the care of all children. 

Tt is, therefore, of great importance to tlicm 
that they should have sound, clear views on 
health finance. 

We would again point out that whiit*, on the 
one hand nothing can bo more', soltish and 
repiilsivo than to be always anxious in every 
detail to avoid spending this income, on the otluM* 
hand, nothing can be more sinful and careless 
than to lose a useful life when there is plenty of 
money in the bank in the other systems simply 
through carelessness in allowing one vital part 
to bewme bankrupt. 

Health in Old Age. Some valuable hints 
have been given us on saving health expenses 
by men who have reaeh<‘d old ago. 

Moltke, w^hen asked in his ninetieth yc*ar 
how ho had maintained his health and aetivity, 
answered, “ By great moderation in all things, 
and by regular out-door exeix'ises.” Crispi said 
that “ regularity and a})stinenre are tlio seerets 
of long life.” Sidney Cooper, tlu^ veteran painter, 
also believed in regularity ; T/‘gouve attributed 
his long life to regular exereise. An American 
nonagenarian, the Hon. Neal Dow, of Maine, 
laid stress on the careful avoidance of fretting, 
of disturbance of the digestive organs, and of 
exposure to sudden or protracted cold with 
insufficient protection against its intluenee. 

Dr. Jowett told Dr. N. Pope, the well-known 
Tamil scholar, that ” to have a great work in 
progress is the way to live long.” According 
to Sir James Sawyer, the secret of longevity 
consists in “ paying atUmtion to a number of 
small details.” Among these are the follow- 
ing: (1) Eight hours’ sleep; (2) sle<*p on the 
right side ; (3) keep the bed -room window o|M*n 
all night ; (4) have a mat to the bed-room door ; 
(5) do not have the bedstead against the wall ; 
(fi) no cold tub in the morning, but a bath at 
the temperature of the body ; (7) exercise 

before breakfast ; (8) eat little meat, and He<? 
that it is w'cll cooked ; (9) (for adults), drink 
milk ; (10) eat plenty of fat, to f(*ed the cells 
which destroy disease germs; (11) avoid 
intoxicants, which destroy those etdls ; (12) 

daily exorcise in the open air ; (13) allow no 
pet animals in living rooms — they are apt to 
carry about disease germs; (14) live in the 
country if possible ; (15) watch the three D’s — 
drinking -w^a ter, damp, and drains ; (16) change 
of occupation ; (17) take frequent and short 
holidays; (18) limit your ambition ; and (19) 
keep your temper. Sir Benjamin Ward Richard- 
son said : “ The would-be centenarian should 
never smoke nor drink — especially the latter, 
and he should eat very little meat. Ho should, 
keep early hours and work as little as possible 
by artificial light. Moreover, he should not 
make haste to bo rich, and he should avoid 
worry and consuming ambition.” We do not 
endorse all these precepts, some of which are 
but fads, but give them as the sayings of wise 
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’men, and as containing a good deal of sound 
advice. 

Avoiding a Breakdown. Before con- 
cluding this lesson we must say a little more 
upon two points - the difference in health-wealth 
between one person and another, and the best 
ways of avoiding a health breakdown from a 
financial point of view. 

The dif/eratcefi in health- wfaUh are oftt'U the 
eauscs of much ill-health. A sees B spending 
so much energy every day, and at once, seeks 
to emulate, if not to sur{>ass him, forgetful 
of the fact, that B’s stock of strength is in 
evtay way far suj)erioi- to his. Many a man 
and w'omnn would remain in good health and 
strength, according to th(*ir own standards and 
varieties, as long as tliey kept to their own 
spheres. The folly is when the man goes in for 
violent athletics to w hich he is not accustomed, 
or the w'Oman iiTuhatakes tasks and responsi- 
bilities for which she has never been fitted. 

A common instance of this folly is often seen 
ill boys and girls ; when tlie girl accompanies 
b<‘r brothers or fallua* in long, toilsome walks or 
cycle Titles (piile beyond bei- strength, simply 
because she is ashamed to give in : and thus 
often starts an ill lu'altb or bn'akdowm that 
takes years to get over. Keep coni])any then 
with, and share the pursuits and exoroisos of, 
m<*n and women of your own physiqu(‘ and 
calibre. 

Strengthening Weak Organs. The 

remaining point is the best way of avoidimj a 
health hreakdovm from a financial point of view. 
This is ensured by can'fully noting the one 
system that is weakest, and persevering until it 
is made the strongest. It matters not which 
vital part is thc! w eak one ; w hether it. be brain, 
or heart, or lung. Once it is known, it is (juite 
po.ssible, and a proof of the utmost wisdom, to 
set to work and t horoughly build up the strengt h 
of this OIK? part, unt il no special weakness is left 
in it, and it has powers of resistance at least equal 
h) the rest. This is tlu? way to avert bankruptcy 
and secure continued lualth ; and hero is the 
value of tluise lessons. I t is by a study of the? 
]>rineiples laid down here, by a knowledge of 
what, constitutes weakness, by an understanding 
of w'hieh are the vital points for defence on 
which health really depends ; it is, in short, 
through the knowledge that these three sections, 
phifmtlofji/, health and ill-health impart, that 
one is enabled int/olligently to take thoao simple 
and yet important ste))s that secure tlio health - 
wealth and prevent bankruptcy. Our desire 
is above all h) he practical, and it is perhaps 
in this direction that tlu? greatest benefit can 
result to our readers from them. 

We would point out here that this courst? 
eont^iins, in addition to many matters of vital 
importance to one’s personal health, all the 
subjects included in the South Kensington 
Science Examination, Elementary and Advanced, 
the County Council Technical Examination, 
those of the London and provincial school 
boards, polytechnics, and science teaching 
centres throughout the kingdom. 
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By Professor J. R. AINSWORTH DAVIS 


REPTILES — continued 

Crocodiles and Alligators. T)u\se in- 
habitants of the rivers and estuaries of tropieal 
regions are somewhat lizard-like in appearance 
1 328 and 329], hut in structure they are in many 
ways miicli more sp<‘cialist?d. Tlie snout is 
armed with powerful interlocking lecdh, which 
constitute a deadly trap, "riie valvul^ir nostrils 
are on the top of tin* snout, so that the animal 
can drift along with most of its body suhtnerged, 
and at the saiiu^ time breathe quitts (‘easily. 
Should it ]K‘reeive an unfortunate mammal 
drinking or browsing on the (‘dge of the bank, 
or an uinvary human being in or near tlie water, 
it sinks below the 
surface, and ra])idly 
swims towards the 
victim by strokes 
of its powerful, 
flattened tail. Then 
comes a sudden 
snap, aided, per- 
haps, by a Insli of 
the tail ; should the 
attempt prove suc- 
cessful, the ]irey is 
held finder water 
till it is drowned, if 
too large to b(^ forth- 
with swallowed. 

Breathing 
Apparatus. The 
crocodih? itself is 
not choked during this procedure because it is 
in posse.ssion of a structural arrangonumt com- 
parable to thos(‘ described elsewhere for whahi- 
bone whales and newly-born pouched mammals, 
such as kangaroos. The internal openings of 
the nose (internal nostrils) are vciy far back, and 
the top of the windpipe is drawn out into a 
projection wrapped round by folds so as to 
project into tliem. There is ik} danger, tlicn^- 
fore, lest water, after enUu’ing the mouth, should 
enter the lungs. 

In some crocodiles -c.f;., eertuiii species 
inhabiting the Ganges -the. food consists of lisli, 
and here the snout, is very long and narrow, as 
in the fresh-water doljihin of the same river. 


Comparison may also bo made with one of the 
extinct toothed birds (Utaperornis) of the 
chalk period. In all cases a very* efficient 
seizing apparatus results, well adapted to deal 
with the slippery prey. 

Peculiarities of Structure. ^J'here 

arc many other points in which struc- 

ture of these reptiles presents points oimterest. 
"I’lie body, for instance, is not only clothed with 
strong, horny scales, of which those on thc^ 
upper side of thes tail imikt^ up a saw-edged 
ridge, hut also dcfcndcid hy bony scutes in th(^ 
skin. The stomach is not unlike that of a bird, 
])art of it being converted into a muscular 
gizzard, the crash- 
ing action of which 
is enhanced by 
stones or other 
hard objects which 
ar(' swallowed from 
tiim* U) time. The 
organs of circula- 
tion are also of 
great interest, for 
th(^ lu^art is four- 
chambered, as in 
mammals and birds, 
and not three-cham - 
bored, as in other 
r(‘ptiles and amphi- 
bia. The pure and 
inifiuni blood do 
not, therefore, mix 
inside the heart; but as such blending takes 
pla(a.i outside, owing to imperfect separation of 
the great vessels, the net result is much the same 
as in the lizards, etc. Bui it may be said that 
crocodiles arc well on the way to become 
Avarm-blooded animals, and they *an^ also more 
intelligent than other reptiles, in correspondence 
with the larger and more complex brain which is 
present. 

Tortoises and Turtles. This widely 
distributed ordtu* includes a great variety of 
forms adapted to live under the most varied 
conditions. Some are vegetarians, others flesh- 
(‘aters, but. in all cases the teeth are replaced by 
a strong, horny covering to the jaws, making 
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up a sort of rounded be^k, which is hooked in 
the carnivorous types. 

Remarkable defensive armour is, however, 
the most characteristic feature. The body is, 
as it were, sheltered in a strong case, consisting 
of an upper shield {carapace)^ which is more or 
less united at the edges with an under shield 
('plastron), to make up a sort of box [330], 
giving a remote resemblance to- the arrange- 
ment present in armadilloes among mammals. 
The outer layer of the case is composed of horny 
plates, which in certain marine species are the 
source of “ tortoiseshell,” and beneath these 
are bones [333], some of which are derived from 
the backbone and ribs. At the front and back 
of ^his case are deep hollows, into whicli 
head, tail, and limbs can be withdrawn. The 
nock is exceedingly flexible, wliich compensates 
(as in birds) for the rigidity of the trunk. 

Gigantic Tortoises. Tn land-tortois(‘s 
the extremities are stumpy and well suited 
for progression on a lirm surface |330]. It is 
particularly interesting to notice that, in the 
absence of sev(‘re competition, of the 

tortoises living on isolated islands 
have attained a large or (*ven 
gigantic size. This applies to 
some of the islands of the Indian 
Ocean, and also to the (bilapagos 
Islands, situated on the equator 
to the west of South Amcri(’a. 

1.he gigantic tortoises of t he latter 
were long ago dese ri bed by Darw in 
in his account of the voyage of 
t he Beagle. 

In marsh [331] and fresh-water 
tortoises the liml)s are more or 
l(*as flattened out to serve as 
paddles, and this modification is 
carried to an extrenui in tlie 
thoroughly marine turtles [332 
and 333], where the limbs arc in 
the form of powerful flipjiers. 

AMPHIBIA 

What Constitutes Am- 
phibia. Frogs, toads, newts, 
salamanders, and some other 
cold-bloodt*d, backboned forms 
are often ]) 0 })ularly regarded as reptiles, but, in 
re.ality belong to a deeiiledly lower class, the 
Amphibia. The soft, slimy skin, and the 
absence of scales and claw^s are distinctive 
(^haracteriAtics of existing memlwrs of the class, 
but a hiore important point of difference is tt) 
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he found in the nature of the life-history. A 
frog, for instance, does not liatch out of the 
egg as a. miniature adult, but as a limbless 
tad]>ole, bioalhing by nu'ans of gills and present- 
ing other rosein))lances to lislies. Later on 
ibis larval form f)asses tbrough a number of 
changes, tog(‘tlier making up a. 

motarnoryihosis,” and l»y which 
it, gi*adually comes to assume the 
form and structure of the adult. 
'I'be for(‘ and hind limbs sprout 
out, and air-!>reathing lungs are 
(h‘vcl()ped, while, in the frog, the 
gills (‘iitireJy disa[)p(“ar. In soim* 
other amphibians, however, the 
gills may yiersist throughout life. 

Extinct Amphibia. Sonu^ 
of the most ancient extinct rep- 
tiles w ith which we areacquamU*-d 
possessed ct'rtaiii structural fea- 
tures w’hicli ally them to the 
}iiiq)hil>ia, and have no doubt 
descended from creatun's of the 
kind. And, as might he antiei 
})ated, the reptih's in question 
ennu' iK^aiest to the okh'st knowai 
amphibia. 'Phese were the inen>- 
hers of the gre^at ord('r of armour- 
luvidod amplnlaa (Sfffforrphala), 
the first hackhoiu'd animals which 
euti‘H‘d into Die ])i>sscssioii of the 
land. They iiieUuhHl a grc'at number of forms, 
some very small, others of gn‘at size, which 
date from tlu* coal ptuiod ami hecarm^ (‘Utirely 
extinct during the earlier stages of theS(‘(M)ndary 
epoch, being ap])arently unable to compete 
sueecssfully with th(‘. rayiidly evolving group of 
reptiles. The heads of these anehmt types, and 
their bodies, more or less, were j)rot(M-t(‘d by an 
armour of bony j)laL*s. 

Recent Amphibia. Thesi* are grouped 
into three orders: 1. C/Kcikiaxs (Apoda); 
2. Tailed Amphibia (rWc/«) ; and 3. Tailless 
Amphibia {Anura>). 

Cgecilians arc* liinbl(*ss snake-sliapt'd forms, 
which burrow' in damp earth, and are widely 
distributc'd in the trojneal regions of both hemi- 
Bpheres. I'heir distribution, and the fact that 
they arc' devoid of any means of rapid dispersal, 
sugg(*st that the group is one of grc'at antiquiiy. 

27!)fl 
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And, as a matter of fact, these little creatures, 
although ill some respects much specialised, 
come nearer the primitive extinct forms than the 
other existing ampliibians. Numerous little 
bony plates, for example, are imbedded in their 
skin, representing the armour that was once 
characteristic of the class. 

Tailed Amphibia. Most country dwellers 
are familiar with the little efts, or newts, 
commonly to bo seen in ponds or ditcht*s or 
c;rawling over the damp ground in tlieir vicinity. 
In appearance they are not unlike lizards, but 
their movements are much more sluggish, whiUi 
the slimy, scaleless skin and the clawless digits 
at once show them to he amphibia. The limbs 
sprawl even more than in reptiles, and tlie 
thumb is absr^nt [compare 338]. Ik^sidcs this, 
newts lay their eggs in 
water, and tadpoles 
hatch out from thtim. 

Our largest native species 
is the great (uestodnewt 
(Triton crifiiaJtm), which 
IS so called because, dur- 
ing th(5 mating season, 
the male ]K)ssesses a 
saw-edged fokl or crest 
placwl in the middle lini^ 
of the upper side of t)ie 
b(xiy. 

Poisonous Types. 

Salamanders resem ble 
n(*wts, but are mostly 
larger [334], and when 
adult, better suited for 
a life on land. Tlu^ 
spotted salamander 
( Salamundra nutc u lorn ) , 
common in dam]) woods 
ill parts of central 
Kurope, is bla(;k in 
colour, with orange 
blotches, giving it a very 
striking a])]x*arHnce. It 
is, in fact, a cfise of 
warning colouration, for 
a poisonous fluid exudes 
from the skin (as in 
most am})}iibiH) which 
is highly distasteful to 
mammals, and if injecUxl into the blood of 
small animals of that class proves fatal. An 
enterprising lady who in vest iga ted the matter 
gently picssed the tail of a salamander between 
her teeth, and exjx»rienced considerable swell- 
ing of the mouth and tongue, associated with 
the distressing symptoms of tem])urary dumb- 
ness. 

The acquisition of poisonous propc^rtics by 
the skin has doubtless enabled amphibians to 
dispense with the armour they once possessed. 
These properties are no doubt the foundation 
of the superstition with which newts, frogs, 
toads, etc., are regarded, but as they neither 
bite nor sting, and can be handled with impunity, 
and 8inoe, m addition they wage unremitting 
war upon^mious small pests, there is no excuse 
lor them with antipathy. 


£gg«layins Larvao. It is interesting 
to note that the tailed aihphibia are character- 
istic of the northern hemisphere, within the 
limits of which they are represented by very 
numerous forms. The giant salamander 
(Cryptohranchus japonicus), of Japan and China, 
is the largest of these, being about 6 ft. in 
length [834]. But probably the most interest- 
ing member of the order is the creature known 
as the axolotl, of wdiich a living specimen is 
lierc represented [335]. It is an aquatic form 
native to Mexico, and possesses not only lungs, 
bub red plume-like gills projecting from the 
side of the neck. The eggs are laid in water 
after the usual fashion of amphibians. A good 
many years ago it was discovered that, under 
certain conditions, axolotls kept in captivity 
lose their gills and change 
into a kind of sala- 
mander [336], and we 
now know tliat this 
takes place naturally in 
tlie southern part of the 
United States. The 
axolotl, then, as such, is 
neitlior more nor less 
than a permanent larva, 
which has precociously 
acquired t>h(^ power of 
laying eggs and, in 
Mexico at least, dropped 
the adult stage out of 
its life -history. 

Many •(>! the lower 
species of taihxl amphi- 
bians ri‘tain their gills 
partly or entirely' 
throughout life, this be- 
ing naturally associated 
with an aquatic habit. 
Such forms are common 
in North America, and 
there is one curious 
species, the olm (Pro- 
teus), which inhabits 
caves in the Austrian 
j)rf)vince. of Carniola. 

Tailless Amphl« 
bia. These include 
frogs and toads, which 
are the most successful members of the class 
and are to be found in almost all parts of the. 
world. On examining a common frog (jffami 
temporaria) [337], we at once notice the short, 
tailless body, and the disproportionately long 
hind limbs, characteristics a8sociat(*d with the 
leaping habit. These points are even more 
obvious in the skeleton [338], which should be 
compared with that of the giant salamander, a 
tailed form [384]. 

The frog is also an expert swimmer, and the 
hind feet are webbed. They execute movements 
closely resembling those employed by human 
beings for the same purpose, but the fore limbs 
take no part in aquatic progression, being folded 
on the breast. 

The mottled skin of a frog in many respects 
harmonises with the surroundings, and serves 
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the double purpose of protection and aggre.sHion. 
A largo amount of change f)f colour can takc^ 
place, somewhat as in the chameleon, but less 
rapidly and without so extensive a rangt* of pos- 
sibilities. Such changes are rendered possible by 
the presence of iiuiurnerable minute slar-shapt'd 
cells (colour bodii's) in the skin, which contain a 
dark pigment. Under the action of the nervous 
system these may be eontract-ed to mere pins’ 
points in size, or expanded to n'latively large 
dimensions. In the former case the j)iginent is 
reduced to a small area, and tlu^ skin assumes a 
light, yellowish-green hue, as it does among grass. 
This state of tTiiiigs is reversed wlu'u the eoloiir- 
bodies enlarge, as happens when frogs lurk among 
dark surroundings. 

Insect Catchers. The insects which 
make up a large part of the food are capturi‘d 
by means of tho long, sticky longue, as in 
chameleons; but hero the mechanism is some- 
what different. The tongue is attached to the 
front of the floor of the 
mouth, and, in a state of 
rest, its forked tip poinks 
backwards down the throat. 

When brought into action 
tho free part of this organ 
sweeps upwards and hn- 
wards out of the mouth, its 
end brushing ])ast the roof 
of the mouth cavity, taking 
up soim^ of the sticky fluid 
tlischargod hy a group of 
small glands. 'riie ju’ey 
secured, the tongue is 
rapidly drawn hack to its former position. 

From Tadpole to Frog, Flogs and all 
tailless amphibians breathe entirely by the lungs 
and skin, the gills and gill-slits of the tadpole 
l)eing entirely lost in the adult. The life- 
history of the frog, 
which presents us 
with tho best prac- 
tical illustration of 
evolution, is repre- 
sen f<id here by a s(*t 
of figures [329J. 
The little limbless 
tadpole which 
hatches out from 
the egg possesses a 
large swimming tail, 
and breatlics by 
three pairs of plurae- 
like gills, much like 
those of an axolotl. 
Later on these are 
replaced by the 
so-called “internal 


gills,” vascular 
folds on gill -slits 
which place the 
cavity of the 
throat in commu- 
nication with tho 
exterior. A fold 
now grows back 
over the external 
gills (which are 
shrivelling) and 
the gill -si its, its 
edge fusing with 
the wall of the 
body, c^xc(‘.pt at 
one j^laoo on the 
left side, wliere a 
small round hole 
(“spiracle”) is 
left for tho (‘xit of 
water wliieh has 
cut (Ted the mout h, 
travers(‘d tlu^ gill- 
sUts, and batlu'd 
the gills for tho 
purposes of breath- hy li. ii. Hciiilcy 

ing. Meanwhile, 

the lungs are growing out as pouches from tin* 
under side of the hack of the mouth floor, and 
begin to share tho work of resplratU)n, gradually 
sup})lMnting the gills, which 
ultimately disappi^ar, whil(> 
th(^ gill-slits close. Th(\se 
alterations involve profound 
ehnng(‘s in the heart and 
blood- vc*NS(‘ls. 'Po begin 
^\ ith, the henrir is essmitially 
lik(^ that of a fish, consisting 
of two prinei])al chambers — 
an auricle, which r(‘.ceives 
the imyniro hlood of tho 
body, and a muscular venlri- 
rh\ which pumy>s it to the 
gills for purification. After 
this it is distributed to th(‘ hmiy at largo. 

The Lungs and the Heart. .As tho lungs 
begin to act they pour |>ure blood into tho 
auricle, which becomes divided into two hy a 
yiartition, th(‘ kdt moiety (left aurieh*) rcfciving 
th(5 yuiro blood in (pu‘Stion, and the right (right 
auricle) acting as a reeeydaele for imynire blood. 
As the ventricles remains undivided, the two 
kinds of l>lood it r(H-eivos from the auriekM 
to some extent mix in its cavity; hut., owing to its 
symrigy wall and several other structural features, 
the mixing is only partial. Tho r(*sult is that, 
in tho adult animal, impure hlood is yminywd 
to the lungs and skin, yiun^ hlood to ilu^ head, 
and mixed blood to the; rest of the body. 
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From amphibia upwards to reptiles, birds, and 
mammals, evolution has brought about a 
gradual perfecting of the arrangements for keep- 
ing pure arid impure blood separate. Rut. only 
in birds and mammals is this (uid completely 
aftained, and the wholes of the body supplied 
by perfectly pure blood, llem^e the success of 
these two classes of b.u'k boned animals. 

Other striking changes Tuark the eonverhion 
of a tadpole into a frog, and of these the most 
obvious are tin' gradual absorption of the tail 
and the growth of fore and Jjind limbs [339]. 
While the youjig tadpole 
is a vegetarian, the adult 
frog is highly earnivorous, 
and the longspirally-eoikd 
intestine of the former is in 
marked contrast, with the 
relat iv(;ly short, <'onvoIute*d 
intestine of the latte'i*. 

Paternal Care of 
the Young. Our native 
frog.s and toads do not 
trouble themselves about 
the well-h(‘ing of their (‘ggs 
jind young, Init this is fai 
from being tlie east* in all 
nminbers of the onh'r. 

1'ho male of tin* midwife 
toad (-*l////es), native to 
parts of Kurop(‘, carries 
the egg'St rings round his 
legs until they hatch out, 
and takes the greatest, earo 
lost they should dry uf). 
iVfuch more remarkable 
are the arrangements in 
a South American species, 
in which the male possesses 
a pair of membranous 
croaking sacs, which 
primarily serve as reso- 
nators to increase tlio 
musical cITect of the 
voice, under the skin of 
the under surface. Into 
tlu^.so pouches th(^ just-laid egg.s are introdue(d, 
and tl»(*. entire dovelopiui'iit there takes place, 
fho young remaining in this curious paternal 
nursery until they have assumed the adult form. 

Coiisidt'rable maternal solicitude is shown by 
some niejiibers of the order. In the Surinam 
toad {Pi pa), for instance, tlu' egg.s are jjlaced 
on the rougJi skin of the back, within cavities 
of which they pass tJirough their development 
changes. In other eases {Nololrnna) there is 
a poiicl\ in the skin of this region which answc*rs 


the same purpose. Many tree-frog mothers 
construct nests in which to deposit their eggs, 
the most remarkable cose being that of the 
South American foiTeoir {Hyla fahpr). Here 
th(‘ h'mah^ builds a circular mud wall in the 
shallow part of a pond, within which the. eggs 
are laid. A eonsiderablo part of the life 
hi.storj^ is passed in this neat and eompara- 
tively safe “nursery.’’ Thti success of many 
taille.ss amphibians in the struggh' for exi.stenee 
is partly due to their possessing strong parental 
instincts, which gives their olTspring a better 
chance of survival. 

The Struggle for 
Existence. In a cer 
tain sense it may be snki 
that amphibians occu])y 
the same sort of place 
in the animal w'orld that 
ferns and the like do 
among plants. F\)r in 
both cases there is mon^ 
or less dependence U])on 
moist conditions during 
part of tile life-liistory, 
a sort of meim'nto of 
the purely aquatic life 
led by remote ancestors. 
This is somewhat of a 
handicap in the stnigglo 
for oxistcnc(‘. An am- 
phibian is oblig(‘d, so 
to speak, to “ tight on 
a double front.*’ The 
tadpole competes with 
aquatic forms. th(i adult 
with tc'rrestrial ones, or 
both. There is some 
compensation for the lat- 
ter, howev(‘r. as it is often 
able to use the water as a 
place of refuge. 

Th(? destruction of in- 
sects, etc., by frogs and 
toad*^, already noted, is 
perhaps tlu* best illus- 
tration of the economic uses of ampbiViians, 
though th(' hind legs of frogs are largely eati'U 
abroad, and decidedly excel cliicken in delicacy 
of tlavoiir. ’rheir skins are mnployed to some 
small cxiimt for ornamental purposes. Nor 
must it be forgotten that seientilic investiga- 
tions on the frog, “ tlu' martyr of science,’’ 
have h'd to many results of great value in 
physiology. It is hardly necessary to say 
that there is no “ precious jewel ” in the head 
of the toad. 
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DEFORE we proceed to inquire very (closely of 
what reasoning actually consists, we may 
note the conditions upon which it depends. 
Previous sensation, of course, is necessary. TIumc 
can i)e no reasoning without exp(‘rienco ; and in 
the last resort the reason is always limited 
by experience. '^Fhen, of (course, memory is 
absolutely necessary. We could i\ot utilise 
experience in reasoning if it had all “ pas.sed 
in at one ear and out of the other.” Not only 
the retention of experienci's is neee.ssary, hut 
also the power to recall them. 

A Necessary Condition of Reasoning. 
Thus, the association of ideas is a necessary con- 
dition of reasoning : before veiy long we shall 
see that it is much more. Ne(!(*ssary also for the 
power of reasoning is the [)ossi bilily of what we 
may know as abstraction. Consider: You arc 
sitting in your <^hair thinking about sonu'thing. 
Whether on a higher or a Iowim* j)lan(\ you are 
probably reasoning in some d(‘grec. ff you arc 
reasoning very inUmtly, trying, for instance, 
to solve some insoluble pu/'/lc in psychology, 
your cour|)anion will bi^ af)t to say that you arc 
absent-miruled. All sorts of sensory impre.ssions 
arc possible -sensations from your interior, 
from your clothes, from th(' (jluiir, from the 
light in the room, from your friend’s voice, 
from the cigarette in your mouth ; but, in fact, 
}fOu arc far away. Plainly, you have tin* power 
of abstra(!tion. Present ('xpericiu’es are as 
nothing. The real s(Tf of you is (H)neerned 
elsewhere. Of course, wc do not always a.sscrt 
that one is reasoning when one is abscnt-mind(‘d, 
for to think of a friend u(;ross the seas is to havt‘ 
the power of abstraction ; but if there were no 
such power we could not reason. 

Five Men in Five Worlds. Th(^ more w e 
know the more profoundly do we realise the truth 
that man is a being of a “ large discourse, looking 
iHjfore and after ” (“Hamlet”). In virtue of this 
pow'or of the mind, man is not tied to the pro.sent ; 
he has memories and imaginations. Five men may 
l3e sitting in one and t he same room ; one of them, 
a thinker, is really living at the moment in tlu’ 
world of ideas. The musician next him is 
living in a world of sound —as Heidhoven did 
when, although stone-deaf, he prodiu'cnl some 
of tile greatest of his immortal works. The 
artist next him is conceiving a colour scheme 
of new' beauty. The mathematician is in Iho 
W'Orld of numbers, while the cricketer next 
him is forcing a good-length ball jmst covt^r- 
point. Such is the power of abstracting the 
self — the power in virtue of whith man is ever 
independont of present circumstances. Surely 
it is obvious that if one had always to be con- 
cerned with present sensations, reasoning would 


be impossible. Even in ImxI, in silence and tlu^ 
dark, the s(‘lf could not think, hut would havt^ 
to be concerned with sensations of touch. 

Perception. Again, if wc Averc unahh* 
to manipulMte our sensations, wc sliould be 
unable to rca.son. Put the mind has a power 
of abstracting' to use the word in another 
.sense?- certain factois of seii,sation, ami making 
th(‘in into a whole*. 'Phis power is best descrihccl 
a.s synthesis, a (Jrcek w'ord meaning “ placing 
togt'ther.” It i.s obviously the opposite* of an 
(‘(jiially important })nwcr of the mind - the 
power of analysis, or loosening apart. Now, 
when one receives visual impn?ssions of a certain 
shape and colour and unites them so as to 
♦‘iialile on(? to say “ that is a l)ra.ss fender,” 
one is exercising the ))owcr which is technically 
known as pcrre/di(m. Many a valuable (*ssay 
might be written on the pi’ofouml dilT(‘renc(i 
between vision and perception, between seeing 
a-nd perc(‘iving. Jn these days wc constantly 
abuse our noble? language, so that invaliiahh? 
verbal distinctions i)eeome obliterated. We 
are all tarred with the same brush, sin(‘e w<? 
all have to read <*ont(*n\}>orary literature. Oiir 
only hope js in the study, as often as ])ossil)le, 
of English of the great jx'iiod, and ])re'eminently 
of the iiieomparahlo English of the Bil)le. The 
translators of Isaiah recognised the distinction 
W'Viich the present writer is trying to enforce : 
“And he saul, Oo, and tell this peo]>le : Hear 
ye indeed, hut iindc'rstand not ; and K«‘e ye 
indeed, but perc(“ive not.” (Isaiali vi. h). 
This i.s rendered evt'ii mf)r(‘ emphatically Avhen 
fpiot(*d in St. .Matthew' xii. 14: “ ihit hear- 

ing ye shall hear, and shnll not understand ; 
ami seeing ye shall sec, atul shall not ])ereeiv<?.” 
This splemlidly signiticant antithesis is actually 
quoted three times in tlu? New ^rcstaim'nt. 

The Growth of Perceptive Power. 
The grow th of tlu* ])o\ver ()f percej>tion may b(? 
reeognisc'd in tlu? child. To use the common, 
eluinsy s])e(*eh whieli vv(i all employ to-day, 
Avhen a new' object is pre.S(‘ntcd to tlu? child, 
he “sees it but tioes not see what, it is.” In 
other w'ords, though vision he, perfc'ct and 
though the whole of the object l»e seen, it is 
not perceived : the child is as yet iinalile to make 
that psychical syntlu'sis which c-onstitutes the 
act of yjcrccption. Surely wo have made our 
point clear. But if not, let us considcT the 
case of a puz./le jneture. You look at tlu* stupid 
thing and turn it up.side down, and this way 
and that, yet cannot make out where tlu? face 
is hidden. You sec the face the wdiole time : 
the fault is not in the eye. At last, however, 
you say “ I see it,” by which, of course, you 
mean “ I perceive it.” You liavo, at length, 
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ma(l(^ ilu^ necessary psychical sy/i thesis, and the 
lines which s(‘(‘m<?d before to represent nothing 
hut the aimless parts of a tree are now per- 
ceived to constitute the* w(‘ll-known lineaments 
of the face for wliich you were looking. 

vSuch a psychical synthesis is quito distinct 
from what tlu? doctors unfortunately call ivnrd 
pcrveplion. When a certain part of tin* brain 
is injure<l fme can see print but cannot- under- 
stand it. 'rhe visual aj)])aratus is intact, but 
the apparatus whiclj atta(*hes a symbolic 
meaning to the black marks f>n tht‘ ])aper is 
injured. Reading, howev(‘r. does not- depcaid 
upon a psy<dii<*al synthesis oi* perc(*ption in 
the ])roper ])sychological sens<‘, but uH'i<‘ly upon 
the arl>itrary attacbnuait of cei*(ain symbolised 
ini*auings to c.(Mtaiii inky syinl)ols. 

Conception. WV now know what tlie 
])roe<‘Ss of p('re(‘pt ion means, and how it ditha's 
from mere sensation. Properly sptaiking, we 
tnust call the ])ro(tess pma/V/o//, and the result 
of the process a pnrf })l. Higher than this is the 
])r()eess of Mnr.f^ption, and the product of this 
process we e-all a nmrvpf. The words are used 
in eominon s]i(‘ech in an a<le<juat(‘ sense, and do 
not ne«‘d much fintlaa’ study. Tlie (hdinition of 
T'rofessor James is this : “ 'I’hc fiirnttiori by which 
we mark otf, discriminat(‘, <lraw' a line rt>uml, 
and identify a numerically <listinct subject of 
discourse, is calk'd eoneeption. " Xow, it is 
with cone(q)l.s that we reasmi. 

It has already beeii stat(*d that th<* assocuation 
of ideas accounts for the ])uvvc‘r of r(‘eoll(‘etion, 
and the meaning (»f the phrase has been described 
in tho authoritative woids of tlaines Mill. Rut 
W’c must now return to the subject, since W(‘ 
liav(^ to learn that tin' association of ideas plays 
a very great part in the reasoning or rational 
or intellectual processes. Let tin; reader con- 
sider what he a-(!tiially does when he thiuhff 
or retkads, or when he is engjiged in rational 
conversation or (.lisctission witli a friend. Tf 
there wtTc no power of reeolleetion, which de- 
pends upon the association of ideas, or if these 
associations proceeded wit hout meanijig or reason, 
tluai would there not be soirn'lluiig very like' 
loss of reason or insanity? Or, when these 
associations proceed upon the surfaea'S of things 
and insist more upon apparent than nail resem- 
blances, then if tbere U' any gift of ex])ression 
as Avell, have we not the materials for a 
humorist? 

The Most Wonderful Material Thing 
We Know. Not so vmy long ago tiro associa- 
tion of ideas was described in terms w hich we are 
now inclirifKl t-o regard as meaning very little aiul 
('xplaining nothh\g. Kor instance, in our quota- 
tion from James Mill on pag(' *2*250 the w'ord idea 
is used in a imxnner which would scarcely he 
permitted now. There was no explanation of 
the association of ideas until the psycliical fact 
was correlated with the neriral fact — that is 
to say, iintjl some cori*espondence was found 
between mind and brain. We shall never under- 
stand the association of ideiis nor the conditions 
which make reasoning possible unless wt have 
some, adequate knowledge of the structure of 
the hraiii. The only part of tiie brain, praoti- 
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cally, with winch we are concerned is the great 
brain, or cerebrum. This is covered with grey 
matter which is tilled with nerve cells, and 
beyond all question it is this grey matter that 
must be regarded cOs the most wonclerful material 
thing in the whole universe so far as we know it. 

Compartments of the Brain. Now, 
modern study ba.s shown that the grey matter 
on the surface' of the eerehrum may 1x5 
marked out into anias, the functions of wliich 
can he deteetod. W(' are juisitivc'ly a-erquainted, 
for instance, wuth the motor area of the cortex 
of tl»c hvain, with the' visual area, tho auditory 
area, the area eonec'rnc'd with smell, and so on. 
Nevert-lu'less, tlu'io rt'mains a- large part of the 
suiface of the brain, most espe'cially in th(' region 
of the forehead, to which no siieh definite func- 
tion can be allotted. This failure to discover 
the funetioii of so much of the brain is in reality 
not a failuri' at all. 'I'liest' areas, whicli we are now 
learning to call av,s‘e mraft, cannot be 

(‘onneeted with any function of movement or 
sensation, for th(' v('ty exe<‘lk'nt reason that they 
have no eonu(*('tiou with any such function. 
'IMuir duties are fai* liiglu'r and more siihlle. 
Prom all of tlu'se areas of association and from all 
tlu' other art'as of tlu' brain tlu'i'c pi*oee(‘d hosts 
of fibres \\lueb i)ass to every other part of 

th(' hr.iin. Directly or indirectly, all th(‘ parts 
of the brain are intereonn(‘<’t(‘d witli all tlie 
other parts. No one who has tlu' smalk'st 
ae(|uainta»u‘<' with the anatomy the ni'rvous 
system can question for a moment that the 
psychological fa-et which we call the as-mriation 
<>/ corresponds with facts of the anatomy 

of the brain. 

The existeiK'e of association hbres is om* 
of the most remarkable and signitioant- facts 
in the anatomy of the brain, and is seen to 
be so the more closely they an' studi<al. While 
they are found everywlu're, ('('rla-iu great- 
bnndles or strands of them may he dist-inguisluid, 
and to some fifteen or twenty of these, names 
have been given. J"hoy are found to occur 
es])ecially just where they miglit be expected, 
intimately coniu'eting the areas eoneerned with 
all the most important functions, while, in 
addition, c*aeh association area is closely and 
alaindantly connected wnth all the others. 

The Mechanism of Association of 
Ideas, 'rhe existence of these association fibres 
must he ek'arly distinguished from that of what 
are calk'd the eommlsfiural fibres. These latter arc 
very abundant, and their business is to connect 
one side of the brain with tlie other. No doubt; 
they have ultimately a similar function, but tlui 
great signiHcuuice of the association fibres proper 
is tliat they do not merely connect the tw^o 
halves of the brain, but that they run between 
all the various parts of each half. Given these 
facts, can we conceive the mechanism of the 
association of ideas ? Of course, various theories 
luive been advanced, and at the present day 
we need consider only theories which fully 
allow for our recently acquired and very 
detailed knowledge of the internal structure 
of the brain. Or. McOougall says : “ Not. very 
long ago psychologists who sought a physiological 
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basis for nienl-al retention were content to assume 
that the persistent nervous change, wliich is 
the essential condition of the revival of an idea, 
waa some change in what they called a ‘ ganglion- 
cell,’ meaning thereby the nucleus-containing 
body of a nervc-ccll. And an association was 
conceived as a nervous channel connecting two 
such ‘ ganglion-cells,’ so that, when one of 
them is (excited, an ‘ impulse ’ travels along this 
path to the other, and on reaching it, causers it to 
give out its idea as a bell gives out its note when 
struck. This conceptioii was, in fact, suggested 
by Hume, one of the first to treat of the associa- 
tion of ideas.” 

Dr. IVlcDougall goes on to point out certain 
objections to this view, and certainly it has its 
ditTioultics. Nevertheless, if u e are to have any 
rational interpretation of the association of 
ideas in tlie light of the undoubted facts of brain 
organisation, it is some su(^h notion as this that 
wo must accept. Assuredly we cannot (.‘onceive 
that one nerve cell or gaiiglion-eell ean contain 
an idea. We must think in thousands, rather 
than units, but this is merely a moditication in 
the details of the theory. 

Unconscious Reasoning. To identify 
mind with consciousne^ss in the sense in which 
the latter word is usually employed is to commit 
a fundamental error. That, there is such a 
thing as unconscious reasoning can scarcely now 
be (luestioncd. The results of such reasoning 
may come up into consciousness at a required 
monumt. If we conceive of association in the 
old terms tlu're is no room for explanation of any 
unconscious or subconscious processes of reason- 
ing oc association. But if we conceive of 
association in something like the language which 
has been quoted, we are able readily to und<‘r- 
stand how associative processes may go on 
independently of the will or consciousness in 
the ordinary sense. There are a thousand 
examples of this. For instance, one forgets a 
name and strives to remember, and fails : 
minutes or hours later, and apparently (piito l)y 
chance, the lost name* suddenly ” poj)8 up ” into 
consciousness, Tliis, of course, is not an example 
of reasoning, but it is an example of the process 
upon which reasoning depends, and the seepumee 
of events that nsult in the sudden emergence 
of the desired name can be ex])lained by somii 
such theory as has been described, thoiigli it is 
absolutely unintelligible if we are to eonliiie 
ourselves to the language in which the associa- 
tion of ideas was ** explained ” three-quarters 
of a century ago. 

The Function of Reason. The place and 
function of rqasoning in human life are veiy 
commonly misunderstood. Defining the ideal 
of a liberal education. Professor Huxley says : 
“ That man, 1 think, has had a liberal education 
. . . whose intellect is a clear, cold, logic engine, 
with all its parts of equal strength, and in smooth, 
working order. ..." This precisely expre.sses 
the proper function of reason in man. It is 
entirely erroneous, when using such a phrase as 
“ the dictates of reason,” to conceive of the 
reason as being the dictator of the will. The 
reason is merely a machine, a method, or organon. 


wdiich enables us to reach a given end. '^Ihe 
reason, as such, has no motor power, nor influence 
upon the wdll. (Jiven a certain motive — ns, for 
instance, tin; dcsin^ to r(*ac]i a given place — the 
reason merely supplit’s the will with the infor- 
mation necessary for the most convenient 
elTecting of its purpose. As the present writer 
has said elscw'hcr(‘, “ tlw' maiiis])ring of willing 
is wishing, is desire. We art because ire want, 
and oiir rcfison is not the driving-shaft hut the 
rudder. The ri^asori, to vaiy the image, is not 
the l)re(‘7.c, but the pilot.” The reason <lrivcs 
us nowhere, but m(‘r(‘ly directs the forces that 
do drive us. Its function is directive, and not 
motor. 

We are Ruled by our Emotions. 

Fveiy p.syehologieal truth, every fact of the 
human mind, has an intimate ninl immediate 
iMNiring on human life. It is flic helief of the 
man of .science and the philosopher that all fai*ts 
whatsoever have a hearing upon human lite, 
and plainly none can he so important as tlic facts 
of human nature itself. 'riiesc few' words 
regarding the function of roasrin may, perliaps, 
ap|)ear supertluoiis or nu'icly aeademii^ to 
the reader, yet they (‘iiiineiatc a truth which is 
totally ignorcMl, and which is of cai’dinal impoit- 
anee in th(* most vital of all our duties, that of 
ethical ion. It is commonly believed th.it man 
is a rational animal in thc^ stuise tliat if you 
cducab^ his reason and give him jilenty of informa- 
tion about which to naison, lie will ai t accord- 
ingly. But men are ruit determined by thidr 
reason. The mainspring of action is the emo- 
tional nature, and it follows tJial, since the ohjeci 
of all education is to inllucnci' action, our elforts 
should first be devoted to the dcvclopimuit and 
training not of the riaisoning hut of tlu* emotions 
and the will. It does not sulhee to teach a boy 
that it is wrong to steal, nor when ho disatqioints 
us, to blame him. \Vc should have turned our 
primary attention not to his reason, hut to his 
emotions, ** it being better to steer an unskilful 
course to a w'orthy goal than to take tlio shorti'st 
and quickest roarl to perdition. . . . VVIicn a 
man is a knave at Jiivirl, it is well for In’s neigh- 
bours if he 1)0 a fool to hoot.” The.sc p.syelio- 
logieal truths mean that the supremo end and 
aim of edueation is eharaetor-making, since it 
is the character ami not the leason that deter- 
iniiies conduet. 

Reason and Character. Another 
ilclnsioii— one of the many that arc to he fouml 
in the ])opular beliefs about tlie reason — is that 
the conelusinns of the reason are (letiainined by 
the moral natun^ of the individual, and more 
espci'ially the eoiiclusions of file reason upon 
matters *of religion and morality. All eluirehes 
in all times havi* tended to regard disbelief in 
their dogmas as indicative of moral diseasi*, 
assuming that only such moral disease coukl 
causi^ dislielicf. 'J'his is a jicrfectly fallacious 
assumption. In so far as the reason is what, 
it should ho— that is to say, a logical engine - 
its conclusions are entirely unalfecled by any- 
thing but the nature of the fact that is reasoned 
about. They arc not in the least determined 
by the moral character of the individual, by 
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his natural doHires^ or hy his oarly upbringing. 
In none of its conelusinns should the reason be 
alTecU^d by such einsimstaiiees any more than 
it is so afTeet<*d when seeking to estimate the 
truth of a proposition of Kuelid. 

Moral Character and Beliefs. If we 
desire instances of the disastrous conse(|nenees 
that, have tloweil from the ignoiance of these 
psyehologieal trutlis, wo iK^al only turn tr)*tlu' 
liistory of th(‘ greatest of all evils religions 
}>e.rsecuti(>n. 'the noblest clnvraeter of th(‘ 
anei(uit world was Soera,t<'S, the very fonnvler of 
th<^ sei(’ince of morals, 1 1 is sj.'lendid int(‘lle(‘1 knl 
liini to eertain coiichisionH ditferent from those 
h(‘ld hy the anthoi'itics of his time. As w<- say 
novva lays, he liad “ peeuliar views on religion. " 
Ife disbeli<'ivefl in the oki gotls, and dared to say 
HO. Arguing on the assiim])ti(m tliat a man’s 
Ix'liofs are not ])roduots of a cold logical engin<*. 
not even in tlic case of thcwisist, hut rellect 
his moral character, the Athenians condemned 
and killed Soeiatc's as impious, immoral, and a 
eorruiilcr of youth. \Vhat a lesson for all 
Huhs(M|U(Mit ages I 

The reader will not think us irrevei-ent if we 
nanark that the Founfh'r of (Christ ianity Avas f>ut 
under a similar eorideinnatioii by a similar argu- 
ment. He r(‘jeet(‘d certain IxOiefs, and th(‘r(‘fore 
it WiiH said that Ifc must Ix^ wicked, 'riu* (airly 
(’hristiaus had to iiu'ct tin* same eliarg(‘s, and 
often to die for tlu ni. And then* ar(‘ so-eall(‘d 
(Hiristians to-day who are ineajiahle of thinking 
that beliefs dil'fenuit from tlii'ir oAvn can he 
lield l)y any hut immoral and dissolute ])ersons. 
J’syebology, then, has this most important 
lesson to t('aeh, as a standing protest against all 
who eonsidcT that a man’s moral chaiaettT may 
he estimal(‘d by his bi'liofs — that tlie eonehisions 
of th(‘ reason, in so far as tlu^y are rational, are 
determined hy only two factors ; first, the 
data which arc submithxl to thercNison; and, 
s'c-ondly, tlic natun^ of thi^ reasoning proci^ss, 
[See Lofiio. | 

The Pursuit of Truth. It has been 
ext(‘nsiv(‘ly argued lliat there' arc no rational 
eonclusioriH in tin’s sense, and that all onr beliefs 
are d(*t<;rmined by oth('vfactoi s than thosi^ named. 
And in many matlers it is indeed evident that 
a man’s ti'inperament inthienees his belief ; but 
if W'e turn to souk; abstract subject-, such as 
mallK;mat ies, the conclusions of Avhich scarcely 
affeet a- man's hapjuiics.s, wc readily see that it 
is possible to hold rational Ix'liefs, detined as we 
have dcfirK;d them. They are determined solely 
by tho' nature of the facts in question and hy 
the nature of the logic engine. Any mathe- 
matician who could b(‘ deteetenias holding certain 
beliefs lx;causc he lind himself laid them down 
on a previous occasion, or because they differed 
from those h(*ld by an enemy of his, would be 
dismissed as, in so far. no pbilosopbrn’ or lover 


of truth. And tlii? teaches us w'liai should be 
the ideal of all rational processes. We must be 
prepared to follow irutli wherever she lojuls, 
determined that we shall serve her without 
fear or favour, and shall not |X'rmit our pre- 
jiossessions or projudieos or desires to influence 
ns in the slightest degree. vSays Professor 
Tynda ll : ‘‘ There is in the true man of science 

a (l.'sire stronger than tho Avish to luwo his 
beliefs uf)held — riz.^ tlu' do ire to have thorn 
true.” 

The Supremacy of Reason. This 
doctrine of th(' sn])romacy of r(*a.sou can bc‘ lot 
go only on one condition. This cxmditicai is that 
vv(' d(‘ny tlu; oxistt'nco of obi<;ctiA"(; truth. In our 
owui da,y tlK'n* an; many j)hil()Sop}i(*rs who de- 
clare that — slightly to modify tie; Avords of 
Hamk't — “ notliing’s oitluM* true or fals(; but 
thinking makes it so.” Put if avo boli(‘vc that 
tbi.s is an iinqiialitiod li(‘, and that truth is truth 
\vhat('voi' we think of it, aac must a-lloAV that 
reason must not bt fctlt;red in its ])rocosscs by 
any htqx* or fear or wish or ])rejudico of the 
rcasniK'r. It is lbos(‘ who have folloAved .su(.‘h 
])rinciples that we now croAMi as the kings of 
thought llio makers of intellectual ])rogross. 
'riu' others, who Iki\ (' prosl it ut(‘d their povvt'rs of 
reasoning in tlu* scrvici* of tlu'ir ju’opossessions or 
th(‘ir parly oi* th(*ir’ s(‘(*t, remain as melantiholy 
(\amf)l(‘s of tlu* lanK'iitabU; us('s to w'hieh reason 
can Vm‘ })ut AvlicM it is math* the servant of the will, 
and allows the will to dictate to it what it falsely 
asserts to be its oAvn conclusions. 

The "Will. And noAv, plainly, we nuisi turn 
to the supremely important subject of will. It 
has alr(;ady bcc'n introduced. We know what is 
meant by reflex action, and Ave have declared 
that the tAvo gicat elassc's of acts are the senmfian 
reflexes and vobndanj acts. We have also looked 

at the most important subje(;t called inhibition 

that ]>oAver of self-control hy means of whicli 
the higher 1('A"(*1 s of the nervous Kystem are 
(‘nahled to inhibit tin; n'flex a-etivities of tlu' loAver 
k'vels. .According to Spencer, the tirst student 
of the TTislory of IVTind, the liurna-n will has been 
ov<^lved from reflex actiejn, and there is probably 
no pure t)bysiologist — at any rate, none now 
living who questions this doctrine. On the 
other hand, there is much to be said for the 
opp(xsing view which avc have already attributed 
to Wundt. But, for our present purpose we may 
simply assume that there is a largo measure of 
truth in both of these views, and that, as we 
have already hinted, they are not irreconcilable; 
anti AA C may ])ass at once; t o the more practical 
aspects of will. Wc have insisted already that 
the source of will is not the reason, but- is the 
emotional and wishful nat ure. This is a funda- 
m<‘nta1 truth Avhich relegates the reason to its 
proper place, and lays tho duo and supreme 
empha.sis upon oharactor. 


Continued 
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PoMtmaster-Oenoral is the greatest em- 
ployer of labour in the Kingdom. The stall 
of which ho is the ofticial head mimb(U’s in all 
192,454 persons, of whom about one-fourth an; 
women. This giafit force includes both esfab- 
lishtnl Civil servants, male and female, and an 
unestablishcd section comprising messenger boys, 
supernumerary postmen, Uunporary officers, 
and others whose terms of employment do not 
confer any right to a pension. 

There is s(;ant use in enlarging upon the variety 
and volume of w ork performed by the Post ( Iffit e 
in all its ramifications, extemding from the village 
shop counter where stamps are retailed to tlu' 
huge li('ad(piaTters of the departnuurt, whi<-h 
are among the show j)laces of our capital. Wo 
an^ all more or less familiar with that work in 
its details, and the total results can bo stated, 
indeed, but not r(;ally apprehended. To be told, 
for instaru'c, that ^‘,479,400,000 postal packets 
are (*onv(*yed by the Post Office (;very year, 
and that ‘ 88,909,000 telegrams pass over its 
wires, mertdy bewilders the imaginjition with 
an array of figures that produce, after all, no 
definite mental impression. 

The Amaxing Growth of the Post 
Office. Of greater practical importance is the 
fact that for a eentury, at least, this monster 
department has grown ‘with amazing speed. The 
evolution of railways, the introdiKdion of }M‘niiy 
postage, and the acquirement in 1870 of virtually 
all telegraphic systems, owned until tlum by 
private companies, liave marked t he most striking 
stages in a development that has bcc*n practically 
continuous thro\Jghout. A further great exten- 
sion will occur in 1912, when the; mIioIc of 
the London Kxchange area of the National 
Telephone (k^inpany, with its staff of at least 
15,0(X) employees, will bo added to the provinet; 
of the Postmaster-Oeneral. 

Despite the cheapness and effieieney tlmt 
characterise Post Office work, this great national 
service, far from being a charge upon the country, 
produces a handsome animal profit. On the 
transactions of th(‘. last recorded yoixr there was 
a surplus of nearly 5J millions sterling. 

Among certain sections of the staff a feeling 
prevails that some part of those profits might 
justly be applied to raise the rates of pay, wbieli 
they contend are inadequate. In several recent- 
instances they have convinced the Postmaster- 
Oencral of the justice of their claims and have 
received substantial concessions. At the time 
of writing a Committee of Inquiry is sitting 
whose recommendations are expected to lead 
to some further increases of salary. 

Our concern, however, is with existent con- 
ditions of service alone. And, in view of the 


very considerable feminine element in the. Post 
Office staff, wo may usefully pr(;lude our de- 
tailed study of the various appoint nu'iits by a 
few words on the regulationssjiecually atVeeting 
women. 

Women as Post Office Servants. 

The Post Office service is distiiiguislied from 
all other Oovern merit offices by the groat numlxM- 
of females it (‘Uiploy.s. In district branelies 
imic“b of the counter and teltgraph work is 
p<u-formed by girls and women ; tlu; Central 
'relegraph Office provides occupation for more 
than a thousand fiunalo t.olegrapliists ; and 
other sections of the hoadquarteis staff ])nssess 
a strong contingent of girl clerks and sorters. 

Women engaged on the establisbimmt of Mu* 
(hmeral Post Office — as in other State ihqKirl - 
inents — are under the same general vul«‘s. and are 
entitled to pensions on exactly the same soak*, 
as lh<‘ir masculine colleagiU'S. TIkw an‘ subject, 
however, to one important disability. Kxeept in 
the ease of the postmistresses, who are (‘specially 
♦exempted, female officials must; bo unmarried 
or widows, and tiny are recpiired to resign their 
appointments on Tnarriag(‘. 

In that event, bapjaly, the service which 
othi'i’wise would count towards a pension (hx's 
not goc'iitirely unrecognised. Women who have 
served for not l(‘ss than six years rec'cive, whcai 
(juitting th(‘ servie(‘ in ordcu* to lx; married, a 
s]H'eial 'rreasury gratuity. Th(< amount of this 
wedding gift is iix(‘d at om^ month’s pay for eveu’V 
eompl(‘ted year’s employiueut uj) to a maximuni 
of twelve years. A ek'ik earning, for instaue(‘, 
£84 a year would he entitled after six years 
service to .a marriage gratuity of £42, after nine 
;vears to and aft(‘r twelve years or long(‘r 
‘to £84 

A eandidat(‘ for a ]x'rmanent appoint nuait 
on the Postriiaslerdh-norars feminine staff — 
\vh(‘tli(‘r in London or otherwise' — musthiwit least 
5 ft. in h(‘ight. She is generally required, also, 
to reside either ivitli her pare'iits or guardians 
or with friends of whom they approve. 

London and Provincial Services. 

The general staff of the Post Office, in all large 
towns as well as in the metropolis, is largely 
recruited by the aj)}x)intnieiitof h'arnersof either 
sex, who are trainc'd in telegraphy and eountei- 
duties. The London scu-vice inelinh's also 
a number of male and female sorters attached to 
the central and district offices. It should b(‘ 
specially noted that in r(*spect of eatdi of thest; 
grades, three distinct methods of making ap- 
IKiintments are adopU;d. The first and^ most 
important is that of open competition. For tlw 
others the nomination of the Postmaster- Genera I 
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iH osHontial, the candidates approved by him 
ronipeting among themHelvos for vacancies or 
liaving lucrely t o paas a test of eftieioncy. Either 
mode appears to bo employed indilTcrently, 
Jiecording to the re(iuirement of each office or dis- 
trict ; and aspirants will hardly need to be re- 
minded that tiu’i wi(‘ket door of nom 'nation 
is an easier means of entrance t han lh(‘ tlironged 
gateway of a public contest. 

The (^ivil 8<‘rvice ( 'ominis> ioners decline to 
give any information <'is to the nn^ans by which 
nominations for the posts of learner and sorter 
in the Post OtTico ean be obtaim'd. Tt is certain, 
however, that, private inllucma* witli tin*- Post- 
master-fhmeral is not- (‘sscntial. 'Hie lik(‘liest 
method of sucee(‘ding is to (‘nlist the good oHiccs 
of the district j)(>stm;ist(‘r or other official on 
whose statf the coveted vacancy arises. For 
candid'it(*s wlio an? unahh* to secure a nomination 
the public contests are always available. 

The Examination for Learners. 

Open competitions for these bc/tlis arc held 
OTi(j|i» or twMce? yearly, in London and at ea<‘h 
piovincial town w]n*rc vacanci(»s exist or are 
<‘xpect('d. Tin? conditions of duty for London 
learners and their rates of jjay diffi^- slightly 
from those obtaining in ])rovineial odi<?es, but 
the examination subjects are id<‘titical. Tndc(*d, 
for all learnerships throughout the Post Office 
S(?rvice — w'hati'ver the sex of tlu? candidate' 
or the mode of iilliug appoint nnnis — a singU* 
examination S(?heiiie is prescribed by the aiitlior- 
ities. It is of tin? simplest character, coniprising 
only the following thnie branches : 

1. English composition, including w riting and 
spelling. 

2. Arithmetic. Knglish and metrical weights 
and measures, reduction, vulgar and decimal 
fractions (excluding recurring decimals). 

Ik Ocmcrnl g<?ography, with special refcn-cmce 
to the British Isles. 

A total of at least half marks is necessary in 
order to qualify. 

At the open competitions the general limits of 
age are In and IS ; but for posts in Edinburgh, 
Dublin, and certain other towns, boys only are 
admitt(‘d at 14 J years. Nc^iiiinaUK;! candidates 
may enter until the age of 25. 

MALE LEARNERS 

The .same standard of height — namely, 5 ft. — 
i.s fixed for these officers as for female Post 
Offieo s(?rvanis, but by a curious regulation 
male learners are furl her notiiied that they will 
not be retained in the service unless they 
reach 5 ft. 4 in. by the age of U). 

The London Staff. From 15 to 40 
London appointments are publicly contested 
each half year or so, and attract considerable 
notice. Occasionally there are ten times as 
many cjompetitors as vacancies offered, but the 
.average numbers arc four or five to one. Success- 
ful candidates attend for eight hours daily, 
receive instruction in Udegraphy and afterwards 
in counter duties during about a year, and arc paid 
88. a week meantime. Wliile under tuition their 
engagement may be cancelled if they show 
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no propiT aptitude for the work. They arc 
liable to do Sunday work and sorting duties, 
and on reaching the age of 18 will be called 
upon to do night- work wdien requisite. As 

vacancies occur, profickmt learners are appointed 
to the established staff at a salary of 16s. a 
w'e(‘k, eitlu-T as t(?l(*graphists at the Ontral 

'IVlegraph Office or as counter clerks and tele- 
gi-aphists in the T.ondon postal service, from 
wlii<*li moment their service begins to count, 
towards a pension. After a year their weekly 
pay becomes 18s.. and at the age of 19 it is 

increased to £1. From tluit figure it rises 

ov(‘ry year by 2s. 4d. a wan'k, w ith a special iii- 
ercase of Ms, at tlie ago of 25, ii]) to 44s. a w’cek. 
.An officer who obtains ‘'a. c.crtifi(?aU? of excel- 
lence of conduct and ability to perform the 
highest flu ties of his class ” continues to advance 
by yearly increments of 2s. -Id. a wa^ok to tin? 
maximum rate r)f (Vis. 

Tn both bianclurs of the. London service 
th(‘se officers are eligible for promotion to certain 
higlua* a])pointments, ivlativ(‘ly f(wv in number, 
ranging from tlu' grade of ov(‘rs(‘er, at £190 a 
year, up to that of inspector or siipf'rintcndfait, 
with a salary of £M50 or £400. 

Provincial Posts. Male ](‘arruM’s in 
provincial centres are trained much as in tlu' 
J^faidon Hervio(‘, but their wages, both before 
and after ])roinolion to the establishment, 
vary slightly in tin? dilTiafad towns, and are gen- 
erally rather less than in the capital. Beginning 
at 6s. or 8s. a we(*k, and rising to 10s. t he seooml 
year and I ts. the third, th(‘y become sorting 
clerks and tel('gra]>hists as vacancies occur. 
At the age of 19 their pa y is 18s. a wcah, and in 
ccirtain towns lOs. 'Pheiiee it })rogress(?s each 
year by 2s. iveekly (with a. s])ecial additional 
iiu'rement of from Is. to 2s. (>d. on naK'liing the 
age of 2,5) to 40s. (>d. or 41s. 6d. ; and. if a eertiti- 
eate of (Conduct and ability is obtained, to a. 
maximum of 50s. to 5()S. a we(?k, according to 
th(‘ si/.<‘ of the town. Ah‘ritorious officers 
luive also gtiod c.hanei‘s of advancement to the 
positions of a.ssi.stant-controll('r, superintendent 
{uid ])roviiieial postmaster, with remuneraXion 
varying from £180 to £600 a year. 

FEMALE LEARNERS 

The age limits and examination scheme for 
those })osts being the same as those for men, 
and the general (;onditions of service very closely 
similar, a few^ words wall suffice for such ditfer- 
onces in I’ospoct of pay and other matter.s as call 
for ooinmeTSv. 

Open competitions for vacancies as female 
learners luive lately been hold in IVTay or June 
of eat-.h year, and are a good deal more keenly 
eonU^sted, as a rule, than those available to the 
other sex'. At one examination for 15 situations 
in London no fewer than 354 candidates ent-ered, 
only 56 of whom failed to qualify. But, as a rule, 
the number of vacancies is considerably greater 
than on this occasion and the competition 
proiX)rtionately less severe. 

Except that w^omen, while liable for Sunday 
duty, are not called upon to perform night- work, 
the mode of instruction and hours of duty 
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are the Raine for fcn\a.l(' as for male ofTi<^ers ; 
but the rates of pay, altbouj^h they liaye benm 
recently improved, are still a godd dcsal less. 
Fcniale learners in the T..ondon branch ai\‘ ])aid 
7s. a week on entry, and 10s. Od. when eertitied 
as competent for tclegrapli instrument- duty. 
After a year's service at this figure, if still h'ss 
than 19 j^ears old, th(‘y receive 14s. wec'kly, 
at which rate of pay they are promot«‘d t-o tlu^ 
cstahlished class as vaca-neir^s arisr. WIhmi a 
year’s service on the (‘stahlislinient has hi‘en 
completed, tin* salary of oflici-rs iimh r lt> years 
of age l)i‘eome-s 15s. Cxi. Bya sjK'cial provision 
of the Bostmaster-t leneral, every nuanber (d the 
London scrvici*, wlu'tlu'r promoted (u uot.n'eeives 
from her nineteenth birthday the “ agt' pay " of 
IRs. a week. From that salary, (‘stablishe<l 
clerks advance by annual increments of Is. Cxi. 
weekly to 28s., and, on obtaining a (‘ei'titicate 
of proticit'iU'y, to 9Ss. a we{‘k. 'They are 
also tdigihk^ for higher posts at ,£L19 a yc'ar 
and upwards, but tlu'se are relatively f<“w in 
number. 

In provincial towns slightly lower rates 
)>revail l)Ot]» for le/irners and for cstahlished 
clerks. ^J’hc salary a])])ointed hy th(' regulations 
for otlicials of either class on their reaching th(‘ 
age of 10 is 15s., or, in soim' eases Ids. w(‘('kly. 
OHicors on tlu' (‘stahlishment resaive, as in 
London, annual advanet's of Is. dd. a w«‘(‘k ; 
but the maximum attainahk* vari(‘s hetwetm 
Oils, and .‘15s. There ar(‘ also further j)ossihilities 
in the way of superintending })ositions and 
appointments as ))ost mistress, few (»f tluuu 
exceeding in value t2()0 a year. 

MALE SORTERS 

About half the vacancies arising in the ranks 
of the male sorters are regtdai ly reservanl for 
limited competition among post-men, telegra]>h 
messengers, and other sul) 0 !<linate imunhers 
of tlu* London Post ()llie(' stall’, 'they must- 
he nominated to eojiipelc by the heads uf their 
departments, and in tliis way |>romotioii is 
given to de.serving and intelligent oflicMU'.s. The 
remaining situations an* lilli‘d by means of 
open competitions, held twice or thrice yearly 
for a varying number of vaeaneics. 'Che greatest 
mimber of placets olTi-rcd in any recent contest is 
104, and the smallest tive. Although not of 
gn;ater value than learnerships, these jiosts 
attract- more competition, pr(»haljly bccaus<* 
they carry a higluT initial salary. 

Candidates must la; bctwt'cn IS and 21 years 
of age, with the customary allowance of not more 
than five years to those wlio have been employed 
in t-he Array, Navy, or Civil Service. They 
must be at least 5 ft. 4 in. in height, and })bysi- 
cally lit for the proper discharge of their duties. 
Apart from specilie ailments, eonstitutipnal 
weakness or want of genejal vigour may dis- 
qualify a candidate from receiving an appoint- 
ment. 

Tlie examination subjects are precisely the 
same as for Post Office learners, given above*. 
Our table shows the marks recently gained by 
the first and last successful candidates among 
306 who comt>eted for 25 sortersbips. 
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Pay and Duties. Sm*ters who no* kss 
than 19 y<*iii>'. old when appointed reci‘ivi‘ IKs. 
a wc<‘k until they r(‘a( h that agi*. w}ie?» they are 
]>ai<i 29s. ■ the .salary at wliieli those veho enter 
at 19 or later iM'giii. Fi’om this point (he rale 
of advance is exactly tlu^ .same* as b)r London 

learners unuu'ly, ammal increments (»f 2s. Id. 
vv<‘(‘kly (with an extia inei‘(*ase of !ls. at the age 
of 25) to 4 Is. a \\('ek, nnieris who aie (-('rtitied 
as f\illy protieieiit g')ing on to the special maxi- 
mum (»f ()2s. ‘rh(*ri‘ arc* also a, imuli'iatc* uumher 
of high(*r ])<»silions rising to t290 and i'2il9 a 
yc'ar. 

'rh(‘s(‘ otliec'rs an' on ])rohalion for the' lirst 
year, and arc* c'lnployed chietly in lc*tler .sorting, 
in whic'h .subj('c*t they tmist ])ass a test within 
a few months aftei' bt‘ing appoiiitc'd. '^i’luy rlo 
(‘ight hours' duty daily. somc*1im(*s lu'giiming 
(‘arly in the morning or laic* at night. Sunday 
work c*ount-s as c*xtra duty, and is paid for at 
special rate's. 

FEMALE SORTERS 

Some 799 fc'm.'dc* sortc'rs arc* cau)doyc*d in 
vaiious dcpartmc'uls of tlu* London (5c‘nc*ral 
Post Office*. 'I'lieir (luti(‘s rc'late*. not- t-o k'lfer 
sorting, hut to arrarudng vomhc'rs and e e)unle‘r- 
foils fur the ele‘ri(al stall. I’lu'V woik for the' 
same uumbea* e)f hours as thc'ir unde* eolle'ague's. 
hut undcT k'ss (lying eemelit ions, being eaigagcd 
t)nly hc'twee ii e>ight in the* morning and five* in 
the' aftcTiioon ; and lliey are exe-mpt from Sunday 
duty. 4’he wages paid Ix-gin at- I l,s. wc e'kly, and 
rise* by Is. a we'c'k for two years, ami afte*r- 
wards by 1;^. lid , to 59s. a we'e k, subje*ei to a 
spc'cial ee'itilieale of ability wbeai 2ls. (Id. is 
re'aebi'd. 

'I’lu* age* limits for llu'se situations are the* saim; 
as for le'arni'i'sbips, and it will be* se'e*n tlial 
they JU't' approximatc'ly of the same* value* as 
Le^ndon ])osts of that e*lass- at le‘ast, during 
tlu* (*a.rlicr ycai's of service'. But the* work is 
me.m? monotonous and uninte'r<*s(ing, tlu* maxi- 
mum attainable' is Ks. a week le*ss, and tliere^ arc 
very few' biglua- posts for whic h seuters are 
('ligiblc'. Furtlu'r, tlu* ('xaminatiem, simpler as 
it is, comprises the* learru'i's’ subjects and an 
extra one beside's— (hat of reafling and copying 
mamis<ri})t. Apparently, bowe‘V(*r, these ob- 
jections arc more; than out weight'd by the cer- 
tainty of fair and ymigrcssivc (timings from the 
outset, inst(;ad of tlu* learner’s small allowance's 
and her uncertain chances of a vat anoy on the 
(;stablishment. Tlie result is that the op(*n 
(umtests for h'male sortersbips— held, ns a rule*, 
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uach April and October — are thronged with 
candidates in the ratio of a dozen or a score 
to every vacancy, and the proportion of marks 
necessary for success rises sometimes to almost 
90 per c(‘nt. 

FEMALE CLERKS 

Just a quarter of a century has ela])si*d since 
a former i^ostmaslcr-Oeneral decided to admit 
a few women clerks to tht‘ ranks of his liead- 
qnarters stall. So successful did the venture 
l)rove that to-day, n{)art from tliosc >\'ho have 
entered as learners, there are no less than I.O.'IO 
ladies employed at the (i.P.O. on a s])ecial clerical 
footing. Of this numluT, 1,788 hold permanent 
positions as women c lerks, the remaining 14*2 
being of the temporary orch'r of girl clerks. 

Unlike learners, members of these two classes 
are never called upon to do duty in the local 
post offices, nor, indc'cd, to come into contact 
with the? general public' in riny way. J’lu'y are 
employed in a private and strictly cdc'iic'al 
capacity in certain of the central departments — 
chiefly in the Savings Jfank. Among the attrac- 
tions of their service are short hours of duty. 

I )leasant work, and an {issnred ])rosp(;ct of at 
east £100 a yc'ar. Seeing how overcrowded 
and underpaid arc the ranks of the women clerks 
in oommerce, it is IO^ surprising that thc'se 
(jovernraent berths a!© eagc*rly sought. 

The sc'iiior and the [u lior grade are separately 
recruited by means of open competition ; hiit 
tho examinations for both classes arc held 
simultaneously, the subjects prescribed arc the 
same, and, in fact, the papers set. are idcmtical 
for each, though the lists of candidates and the* 
results are kept cmtircly distinct. As a rule', con- 
tests for both girl clerks and women clerks art? 
lield twice yearly — in March and Oetobc'r. Tn 
order to qualify, half marks must be obtained. 

Examination Subjects. The seheflnle 
of marks and sjibjeet.s givc'n below relates to the 
most recent of those dual eompetition.s whose 
results have been publislied. Tt shows the marks 
socjured by the liighc;st and low<'st successful 
(candidates alike in the women’s and the girls' 
section. 


A few words may be added as to the character 
of the examination. The paptjr in geography 
is always largely eoncerncjd with the physical 
and industrial aspects of that study, and gener- 
ally includfis a sketch map, the insertion of det ails 
in a printed outline map, and several questions 
on the natural wealth and manufactured pro- 
ducts of various countries or districts. The 
language tests comprise cmly translation from 
and into tlie foreign tongue. Only two languages 
may be offered, and in the great majority of 
c'usc's tlie ehoieo falls on French and German, 
(•andidates who take sliorthaiul are requirc^d 
to take down throe passages read aloud at the 
i-espcetive rates of 90, 72, and 80 words to the 
minute, and afterwiirds to transcribe their 
shorthand notes. 

Girl Clerks. Appointments of this class 
are in themselv(?s of a temporary nature, and 
are intendc'd to furnish suitable? training for the 
senior and pcu’manent grade. The? examinations 
arc restrictcid to girls between UJ and 18 years of 
age. Some 20 to JO vacancit'S are otfered at each 
examination, and though the number e.ompc?ting 
is sometimc's ten time's as great, the effective 
eonqx^tition is far slighter, as frequently less than 
half the candidate's rejach the tpialifying standard. 
In the contest for 2.T appointments to Avhieh our 
table reJate'S, only 100 out of 2110 entrants gained 
lialf marks. 

Girl oh'iks are only einploycid OvS such for a 
term of t-wo years, performing six hours’ d\ity 
daily, and rec'enving £.‘15 the tirst year and £.37 I Os. 
the next. At the end of that time, those 
who are certified as eompe'tent are promoted, 
as vacanedos ooeair, to he- wome'ti c'.h'rks. (Jirls 
who fail to obtain a certificate of compeffyency 
are appointe^d as female sortei‘s, retaining their 
e urrent salary. For a eleik of ordinary intolli- 
gent'c and application, however, advaneemeni 
to the seniior grade should be? a matter of e'ourso. 

Women Clerks. The ago limits for tho.so 
posts are 18 and 20, and therefore a student 
who reaeli(?s the former age? without liaving 
gained a girl clerkship can transfer her efforts 
to tlie senior grade without the slightest loss of 
time or change of work. 

Women edorks are required 
to do seven hours’ duty daily. 
On entering the service, they 
are ap])ointed to the se?cond 
class at £55 a year, and 
rt?eeivo annual rises of £2 10s. 
for six years, and then of £5, 
to £100. On promotion to 
Mh* tir.st class the? salary be- 
comes £105, rising by £5 to 
.£1,30. Beyond this class 
tht?rc are in all about 100 
liigher positions, culminating 
in that of staff superin- 
tendent at £320 a year, 
advancing to £450 or £500. 
Thanks to the way in 
which the ranks aro de- 
pleted by marriage, a first- 
class clerkship at least may 


OPEN COMPETITIONS FOR GIRL 

CLERKS AND WOMEN CLERKS 


|| 



Two OXI.Y. 

Two Om.y. 



ill 

i .9. X 





-•» 





Okder op Mkrit. 

I 

, ^ -»■ 

: o.S 

f 

■ a 

1 != 

I__W 

Arithmetic. 

Geography. 

Latin. 

French. 

I 

-K 

English History. 

4 

u 

.O 

< 

Shorthand. 

Total. 

Maximmu,. 

: 

r.0() 

oeo 

500 

.500 

f.W 

.''.00 

f)(»0 

.500 

3.900 

Oiri Chrica : 

No. 1 . . 

j r»Go 1 

30.') 

291 


.310 

1 324 


425 

4.54 

2,789 

No. 2.') . . . . 

i f.05 

492 

297 


2,57 

204 

197 

330 


2,378 

Women Clerks : 
No. l . . . . 

! nss 


379 



327 

377 

374 


413 

2,958 

No. 35 . . , . 

1 544 

517 

20.*) 

— 

245 

ISO 

277 

208 

- 

2,300 


28 lU 




CIVIL SERVICE 


bo anticipated by tIu>o wlio remain in Iho 
Kcrvicc. 

At one time th(‘sc po.^ts wcm c' keonly contested, 
but for some reason -pos ibly eonmclcd Avith 
the advt'iit of the lypeAvi iter and tlie f ons«Mpj(*iit 
increased demand for women clerks in the com- 
mercial Avorld — the numl)er of ea.ndidates lias 
been steadily declining of late. The ((Uilcst of 
which ])artieulars are given above* was atltmdcd 
by only 1112 \\orn(‘n, of Avhom no more than 7b 
Rneee(’d(^d in qualifying. 'Phesi^ tigun‘s may lx* 
commended to the notice of young wom(‘n in 
soareli of an easy and settled calling. 

TELEPHONE OPERATORS 

Tl’hc I^)st Office telcjihom* servi<‘e give.s em- 
ployment to a larg(* number of Avomen, who are 
otfieially styled “ tele])bonc operators. ’ At th<‘ 
London 'r(‘ie])hone Exchange* no h*wcr than b(»S 
of th(‘sc officers are engag(‘d. In the London 
service they are p.iid 7s. a AV(‘rh when u]>point<‘d 
as learners. On their b(‘eoming <'ffiiMcnt operators 
and reaching the age of 17, their wag(‘S, starting 
at Its. wccLly, become Its. after tbe lirst year, 
advance in tlu'i tk'xI tlua'e years to 2t)s., ami 
afterwards, on proof of thorough effieieuey, to 
2r>s. a AviM'k. fn tbe provinces tbe ])ay of 
('oinpt*! (*nt operators Ix'gins at lOs. and rises to 
18s., Avitha higher grade* as in tin* London branch. 

The nomination of the Postrnaste*!* ({(‘neral, 
Avhieh is reepiired for these? sit nations, is re*adily 
given to suitable eaudidate'S betwea'ii the ages 
of 1(> and 19. A sim])te and non-eenn petit ive test 
in reading and copying mnnnseript, writing, 
spelling, and the* lirst four rnle*s of nrithme'tie*. 
must then be passe'd. Finally, applie*ants must 
satisfy the autboritie's that they aie m(*die*ally 
tit, are tree from hysteu ia or (‘X(?essive nervous- 
ne^ss, anel have* neither imf)e*elinie‘nt of s{>e*e*e‘h nor 
strongly inarkeMl aeee'nt that might pre‘V(*nl 
tb<‘ir being readily nndersteioel e^ve'i’ the* ire's. ll 
may be? adele'tl that to Ave)fne*n of highly-strung 
nei’ve'S the? (.)}»erator's life*, with its pe*rpet-ual 
aecom])animent of e*le*e‘1rie hell ringing, is pecu- 
liarly trying, 

JUNIOR CLERKS 

A number of junior or third-class male ele*rk- 
ships in the (hmeral I’ost Offie’e* are leserve d tor 
competition among estahlishe'd oflieers Avhe) 
have served for at least Iavo years in that depart- 
ment, and are hctwe'cii 19 and 2(> years of age*, 
in ord(*r to obtain the reepiisite nomination e)f 
the Postmaster-( Jeneral, such offie-ers must be 
specially recommended by their chiefs as lit te'd 
for cl(*rioal duties. 

The api^ointments in que?stion arise in varienis 
branches of the e?entral otfiee, and are* not of uni- 
form value ; but they are all siitfieitmtly attrae- 
tivo in respect of increim?nts and prospee*ts to 
be worth the attention of eligihle sortem, te*lo- 
grafihists, and subordinate? officers of similar 
rank. In the secretary’s office they begin at 
flOl), and rise by £10 yearly to £200, Avith an 
excellent prospect of £3(10 and chances beyoml. 
In most of the other departments third-class clerks 


start at £S() a year and progress liy incroincnts 
of £7 10s. to .t2()0, with further possibilities about 
e<jual to tho.s»? alfoi-ded by iJu* secretary’s braiK li. 

'A score or moix* of ihex(* posts art* usually 
conl4?st<‘d each March and Se})temh(*i'. As 
d«‘serving otfict'rs are nominated Avith some 
freedom, the numh-'r of candidates for ea^h 
va^'aiuy has hi*(‘n, in one iiutanee at l^ast, as 
many as J2. hut is usually about hall that 
numh(‘r. The examinaliou is in Knglish eon;- 
p«)silion (with writing and spt'lling), aiithmetie, 
geography, two languages (tin* eluhee Ix'ing 
among Kreneh, ( Jennan, and Litin), and two of 
the follow ing snl>j(‘ets -Knglish liistoiy, malla*- 
inaties, and shorthand. In the last of thes(* 
pap<‘rs, the test pas.-agrs are, usually r(‘ad at 
()S, SO, and lt)0 w(W‘ds a, minute. 

POSTMEN 

For tJie London atid fho provincial s(*rvie«* 
alik<‘ postmen are nominated singly by the 
I'ostmaster-tieiK'ral, and have* to ])ass only tin? 
simplest of qualifying examinatifins - which is 
dispensed with in the east? of candidates Imlding 
second-class Army eertiliealt's. Kor other (*n- 
tranls the snhjt'c’ts an? writing, athlilion, and 
reading and eojyiug a mimher of lithograpla'd 
postal a<ldr<‘?-.ses of vny moderatt* diflieully, 
'I’Ik* limits of agt* are Is and .30, hut, I he upper 
limit is ext(*nded to .‘b") for (‘iiliants wln» Inivo 
s(‘rv(‘d 12 years iji tin* Army or Navy, and to 
•1.7 for thos(* who are receiving a pt‘tision. .\ 
grt'at, many of the eand'datt's nominated liave 
sei A’ed as t(*legraph mt*sseng«'is. 

London postmen numlx'r 0,190, and thia’o 
jin* M,tt,79 in th<? provincial S(*rviei‘. 'Vlu* waiges 
paid in tlu* Melropolilan area, begin at. ISs, 
and rise gt'ncrally to .31s. wei'k, willi stripe 
alloAvancfs Aanying from Is. to (is. weekly • 
according to length of a-pprovi'd servit’e and a. 
boot aliowam e of 2Is. a yt.'ar. Tliei’t* are also 
a f(?w senior and Iw'ad positions beginning .it .30s. 
and I'ising to 12.-., .'’)2s., or tlOs. a week. In pi'o- 
vineial o^li^es tin* ratt's of payment vary Avith'ly, 
.'K'cording to the area s(*rved and tlu? dntit's 
perfornu'd, hut are g< nerally Itnn'r than in 
London, and tin* propoilimi «>f head positions is 
relatively less. At Kdinlangli and Ifuhliri, for 
example, the ])ay of postm«*n lises to a maxi- 
mum of only .30s. inst4*ail of .3-ls. Knither a<l- 
vantagi's of the l.ondon si'rviei*, as we hasa* seen, 
are the ehanet's it affords to et>mpet(*nt otlieers 
of securing nominations for sorte.rships and junior 
elerkshi])s in tin* (blM). With regard alik«? 
the london .and the provincial s(*rvice, it has long 
been felt that an ex-.sol(li(*r or other eandidaf** 
of mature .ag<* was at a great disadva.nl.agt* in 
starting his service as a postman at the oidinary 
minimum salary to Avliieh a lad of IS or 19 is 
<*ntitled on j(»ining. A ri'ci'iit and very A\'is(? 
])rovisioii of the Postmaster-Leiieral })uts an 
end to this giir?vanee, by enacting that every 
postman appointed to the permanent stalT at 
or over the age of 2.7 sliall at once receive nut. 
less than three incromente abo\"e the initial 


Avages of his class. 
Continued 
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Power and Energy. The ViJ^attmeter and the Integrating Wattmeter. Types of 

(^.iitiniud from 

jijiKu 

Meters. The Magnetic Brake and Starting Coil. Alternating Current Meters. 


By Professor SILVANUS P. THOMPSON 


discussing ilu* subject of eloctricily supply 
* meters, 1b(i reader must, have a c lear concep- 
tion of the various units used, and ho is, therefore, 
lecommendcd to reread the article beginning 
on page 2SS, where cjuestions of current., pre^ssure, 
])Owcr, and energy were dealt with. 

Power and Energy. As might bo 
supposed, the consumer is charged according to 
the total amount of energy wliich 1 h^ takes from 
the mains. The energy might, of course, Ix' 
measured in foot-pounds, but when we d('al 
with energy in its electrical aspeed, anotluT 
unit, namely, the “ Kilowatt hour,” ( ominorily 
ealled tin* Board of Trade Tnit, is more handy. 
The yjoicer, at any instant, measured eleet lically 
in watts, is the prodnet of the volts and the 
amperes at that instant. ^ ^ 

Tlie energy is the ])ro- A 

duet of the average M 


may occur, we might hav^c^ the meters of three 
consumers all reading 10 Board of Trade units, 
but A’s demand may have been a uni form cuirront 
of 10 amy)eres olT 100- volt mains for 10 hours, 
B may have taken 2\ amperes from a 200- volt 
(ureuit for 20 hours, and () may have been on 
the same circuit as A, and have taken 8 ainpc;rc?s 
for .six hours, and, after a period of no demand 
at all, he may have comphdccl his total demand 
of 10 uiuts by taking 4 ainyM'iC’^s for 13 hours. 

In each cn-sc the mcler has givcin us the yno- 
du(‘t of the current, voltage, and the time, or 
the sum of the products of the current, voltage, 
and time, over a mini her of loiigcu* or shorter 
inti^rvals. 

Wattmeter and Integrating Watt» 
meter. Tlie product 
of the cuiTent and 
voltage is nusisured by 


power multipli< cl by the 
time during w4ii<‘h the 
yiovver has been taken. 
VVe can, therefore, dif- 
ferentiate the ideas of 
yiower and ciuirgy in one 
way by saying that the 
power may be continu- 
ally changing — it may 
increase, or it may 
diminish from instant to 
instant, whereas the 
tot'll energy (uinsumed 
is always growing from 
instant to instant, and 
the quickness with 
which it grows depends 
upon the magnitude of 
the power. A powder 
meter (in the electrical 
ease (called the nmUmeler) 
gi\’es it.s readings by 
mc^ans of a poin ter w hich 



o the watt.meb'r [{>age 
. 21)2], and wo shall now 

S{‘e how the wattmeter 
const ruction is extended 
in order to take into ac- 
count the third factor. 
Fig. 197 shows a typical 
construction for a watt- 
meter consisting of fixed 
thick wire coils which 
carry the current going 
to the lamps or the 
motors, and a, thin wire 
coil which is connected 
a.fros.s mains, and there- 
fore ca.rri(*.s a small cur- 
rent proportional to the 
volts, and which ivS 
mounted in bearings, 
and is free to turn 
against, a couple of con- 
trolling springs, which 
also scrv(' to convey the 


moA^cs backwards and ^07 . wA'T'Pwi.-'ri.Mj current to the fine ware 

forw^ards over a scale, coil. .Such fine w'lre coils, 


and does not necessarily leave any permanent 
record, but an energy meU^r has a dial and a 
counting train, and at any time sliows a totalised 
record of what has taken jdace during the whole 
time preceding the moment of inspection. 

Because of tliis an electrical energy meter is 
sometimes called an integrating wattmeter. 

What the Electrical Energy Meter 
has to Measure. There arc, therefore, 
three quantities which have to be taken into 
account in the energy meter — namely, the 
current, the voltage, and the time, and every 
variation in any or all qf them must be faith- 
fully accounted for in the final reading of the 
meter. To give an example of variations which 


or the voltage coi/v, as we may call them, 
Avill thus bo alive all the time that the meter 
is connected, but the thick wire or current 
coils will carry current only during the time 
that hunps are on or motors running. It w’ill 
l)C noticed that the coils have boon placed at 
right angles to one another, so that, as explained 
on page 1.590, there Avill bo a drag on the coils, 
and the fine wire coil will turn round until tho 
drag on it is counteracted by the force due to 
the winding up of Ihe control springs. Th’fl 
drag will bo proportional to tho i>roduct of the 
currents in the' two sets of coils [page 1691], ard 
is, therefore, proportional to the power (watts) 
being absorbed in the circuit. Fig. 199 shows 


2t;12 





EUECTRICITY 



198. M.V<3\KTI<' 
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tho development of this instrument into a 
supply met-er. Here wo. Imvo the eurrent and 
voltage coils as before, the only ditference 
biting that the latter ant sjtaced out around 
a cylinder, so that, as they ntvolve. tluai 
are always some of tliiun in tlie active 
ntglon near tho eimtre of tlie cur- 
rent coils. Instead of t lu* s])i ings 
a commutator has been sub- 
stituted to bring the curi'eul 
into the rotating part, ami 
the control now tak(‘S 
tlie form of fan blnch'S, 
wiiich are mounted 
u])on the motor shaft. 

Again, the thin voltagi* 
coils carry ( urrent all 
the time, the thick coils 
only when a load is on 
the circuit. The revo- 
lutions of lh(* armature .are counted 
uj) by miains of a worm on the 
rotating spindle which eng.agcs in a 
tooth wheel which is attaclu'd to a 
K(‘t of clockwork gears. 

Control of the Revolving 
Element. In the wattmeter 
[197] the moving ])art, wlu'n a 
drag came on the coil, wound uj) 
a spring to siieli an (‘xbait that 
the drag on the moving coils 
was exa(;tly counteracted liy the tension from 
the wound-up sjuing. Tlu^ greater the drag on 
the coils the more must the spring be wound up 
to counteract this drag, and, therefon*, the 
greater th(‘ d(‘Heo1ion of the pointer ovia* tiu* 
(Hal. In the supply nictcT we have this dnig, 
hut- the control in this case has to he such that 
th(‘ n'sisting force di^pi'mls upon tin* iiumlxu' of 
revolutions p('r minute and not upon ll o 
amount of ddlect'oii fj’oin 
an initial ])osition. As 
will be .sc(m, fan blades 
have been mounted ujion 
the lower end of the shaft 
for this ])urpose. 'Fhe 
resistance in the air to 
revolving bladi's is, up to 
moderate spi'eds, jnopor- 
tional to the speed at 
which th<,*y arc involving, 
so that in this meter, if 
t he curnmt be doubled and 
the drag or toripu' on iho 
revolving part b3 doubled, tb(‘ speed 
willgraclually rise to double its previous 
value, for then the air nsistancM' in 
the fan blades will also have beiui 
doubled. In this way we see that the 
sptied of revolution will be proport ional 
to the load, and the indication on the 
dial will be a true record of the sums 
of the products of the current, voltage, 
and time during the various intervals 
that the electricity has been used. 

The Magnetic BraKe. The fan is 
not the most convenient form of brake to iisi*, 
os at high speeds its braking forct; is not pro- 


portional to the Sliced, so that the force-; at 
work in th(‘ met<‘r have in eonsequemv to he 
small ; and, further, its ac< ion depend-- upon tlie 
(‘xteiil to which it is surroundixl by 
a casing which nix'cssitati^s tlie nictiT 
being cnlihralcd witli the case on, 
a matl(T of iiiconvciiiciict* ; and it 
i.s not r(*adily adjust(‘d whm. during 
tlie ti'sling. it is found lU'ce^-sioy to 
m:ik(* the motor run a little fastia* 
Tht* form of brak<' mnn* 
oft(‘n used is shown m 
198. and d(‘pcnds for its 
aciiou upon th(‘ gi'iu'ra- 
lion of (‘ddy-curreiils in 
a revolving copp<'r disc 
by means of a. lua iiiaiUMit 

niagnc'l. This magnet is 
apahlc of easy adjnstnu'nt, 
that by malving the magiK't. 
cover nmn* or less of tin* dis(’ 
the mcti'r is ma(h‘ to i('\'olv(‘ 
ow('r or fast('v. 

Details of the Meter. ’I’Ik* 
type cif meter which we have takf'U 
for illustration is that lirnught out. I>v 
Professor Pdilni Thomson, in Anu'ric.a. 
In aetu.-il construction it appeals as shoun 
in 200. 'rh(‘ ri'volving jiart- or armatuM* 

(‘(insists of ('ight coils tapiiilly sp.act'd around 
tlu' pcri]>hciy, and connected to a small 
(‘ight -parl silvc'r commutator, 'riw' current uhidi 
]>ass(‘s through tlu* armature is wasted so far I's 
th(‘ doing of iisilnl work is concerned, and 
_ should, therefoi'i', lie 

as small as possibk*. 
For this r(*ason (au'h 
coil on the armature* 
has as many .as SOU 
turns, and, taken 
altogctlu*!*, tlu* total 
resistance' across tlu* 
bnislu'S is HIO ohms. 
Sometinms this is not 
considered sidlicieMit and 
more re'sistanee is in 
set ted in tlu* armature 
circuit ill tlu* shape of 
coils stowed away Jit- 
the* back of tlu* nu'ter 
ca.sc. This part of tlie 
eii’ciiit is 1 licrcfoie* a 
liigli - resistance* shunt. 
'Flu* brushes are* of 
springy steel, but actual 
ceiutae t on the* conimn- 
tatoi' is made by small 
silveT ])late*s soldcre'el em 
tlu* (‘lids. Asre'gardstlu* 
mounting of tlu* m(*tcr. 
tlu* shaft te'iininatcs in 
a polished steel peaint 
wliich re*sts on a jt'we l 
bearing. To prcse*ive3 
the point and jewel from 
damage due to jolting, the bearing is supporU'd 
in guides by means of a spiral spring, so that a 
little up-and-dow*fi motion is obtained. 
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The Startinif Coil. Tn the meter, as 
so far deseril)ed, a portion of the torque 
given by virtue of the current in the main coil 
has U) be used to overcome the friction of the. 


the pendulum is wound a coil of thick wire, 
which will carry the main current. Now, 
the currents in these two coils will react upon 
one another, and, according to whether tliey 
are connected up to help or oppose one 
another, the pendulum will vibrate at a quicker 
or slower rate than the other. By means of 
a difTerential gear the difFerence in movement 
bet\vt;en tlie two pendulums (uin be registered. 
It is found, liowevcr, that tlu^ registrations 
arc much more accurate if both pendulunis an? 
fitted with coils so that the one pendulum is 
retarded and the oth(.‘r is hasUmed ; and this 
is the usual construction adopU‘d to-day, as 
shown in 201. 

Integrating Meters. Tht;s(‘ mebTs work 
inburaittently, "riicy are (essentially watt- 
meters, which are svvitcluid on once every 
miniitt; or tn'cry half minuk* ; the forward 
swing of the moving part being each time 
communicated to the (counting meehanisiu by 
means of a ratebet and pawl, "rhoy are, of 
course, not absolutely aoouratc ; but, under 
ordinary circ\jmstatu*es, if th('. nu'asurements 
arc talon with sufTicient fr(?quem;y, their 
indications arc rcliahh'. To illustrate their 
defect, let us ( onsidcr the case of a uight sign, 
\vhi(;h goes through its cycle of o))eratioiis oneo a 
minute, and, during the minute, it is on for 55 
s.’conds, and ojf for live sec’orids. If the meter hi> 


meter. ^Phe meter will eonsequ(H\tly read 
slow by a percentage which incr(*a.ses as the 
load goes olT, and it may even luipjieri that 
the torque pmductul by the curn^nt tak(n to 
light one lamp may not cx<^ced the fried ional 
resistance of the meter, and so no turning will 
take place, and the consumer might continue 
to use the current for tlie single lamp without 
having to pay for it. In order to overcome 
the frictional resistance by a torque wliieh is 
not derived from tlie main eurrcnt, coils of fine 
wire are inserted inside the main (toils, and are 
connected in series with (he armature, (heir 
position being adjusted so that there is ahvays 
a small torque being exerted w'hich will 
counteract tlio frictional resistance. 

Types of Electricity Meters. 

The Thomson meter is not the only type 
of meter in use. It is one of a tyjie 
known as molar metiTs, (he other ]irin- 
eipal types lieingr/oc^ miters^ integrating 
meters, and electrohjtlr meters. p]ach 
type, of eoiinso, takes a number of . 
dith'rent forms, hut it w ill suftico for our 
purpose ixi indicate brieHy the principles 
of working. 

Clock Meters. 'Phis typtj Avas 
invented by Ayrton and Perry. In 
Aron’s form jof this meter there are 
two pendulums of equal length, and 
driven by a clockAvork which may be 
AV'ound up by hand or electrically. If 
the two pendulums be of equal length, 
they will swing at equal rates, but on 
the bob of one is wmmd a coil of fine 
wire Avliich will carry a current proj)or- 
tional io the voltage, and underneath 
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meter, already de^criljed, can be used for botb 
alternaling and eontinuoua current, while others, 
such us the ain}>cre-hour meters, already men- 
tioned, are siiitahle for continuoiis current only. 
A ty[>c of meter which can be used on alternating 
current eireuits only is the “ indu(5tion ' meter, 
which, as its name would iudi- 
eate, works on the principle of 
the rotating field, as »ised in the 
induction motor [page 19(M)J. A 
typical construction of this type 
of meter is shown in 204. At flic 
back of tlic instrument aie 
mounted tli(» main and the shunt 
coils, whii h togtUher produce th(‘ 
rotating flux, which, acting on a 
copper cylinder shown mounted 
in place in 205, causes it to 
rotate in th(‘ same manner as 
the short cireuilod rotor of an 
induction motor. The value 
of the inducing flux depends, 
of course, upon the ourrent 
in the coils — that is, ufM^n 
the haul on the mains — and a 
hraki' magiu't being used upon 
another part of the cylinder, tlio 
rotation is proportional to the power taken by 
the customer. 

Meters and Tariffs. Ky the lOleetric 
Lighting Acts no supply conifiany is permitted 
to charge the consuni(*r more than Sd, per Board 
of 'IVudo unit ; hut, as a inatbu* of fact, the chargi^s 
everywhere are now much ludow this iigurc. 
Very seldom is the pric<5 in England more tlian 
4(1. per unit. In fact, by tlu* 
ectmomics (ifTccted in the cost 
of generation, by the use of 
better engiiK'S and boilers, and 
larger sets of maehimu’v, the 
adoption of condensing plant, 
the design of mon^ cflicient 
dymamos, and other improve* 
numts, the eost per unit gene- 
ratixl has come down to about 
2d. per unit in the smaller 
stations, and to less' than Id. per 
unit in the very large stations. 

But to this must be added the 
eost of distribution, and interest 
on capital expended, togi4h(‘r 
with allowances for maintenance 
and de})reciation, and other 
standing (’haiges. Hence oiu' 
linds that small custonuTS are 
still charged about 4d. p(;r unit, 
for th(^ current supplied for ligliting their houses. 

But it is now also usual to find that the same 
companies which charge, say, 4(1. per unit for 
electric lighting are ready to sujiply euriamt 
for motors or for heating at a much lower 
tariff — for examplo, at 2d. or IJd. per unit. 
Tliis is puzzling to those who do not understand 
the circumstances which govern the economic 


production of electric supfily. It d(^pends, in 
fact., on the load-factor. 

Load-factor and Meter Rates. Consider 
an ordinary residential district supplied with elec- 
tricity for lighting. There is a small demand for 
cuiT(‘iit (varly in the morning, particularly in win- 
ter. All through the hours of day- 
light there is, however, very little 
d('mand for lighting, except on dark 
or foggy days, »ind it is only as 
aft('nu)on darkens that the demand 
for current again scLs in. At sun- 
set ovciyhody turns on the lights, 
with th(‘ result tliat there is a luJgc 
demand fm* current, which comics 
to a maximum alxnit six or S('vcn 
o'clock, after w'hich the demand 
gradue’ly goes down until tm oi- 
twolv-: at night. Now it is evident 
that at the supply station tlnu’c* 
must he engines, boilers, and 
dynamos at work in sufficient 
(piautity to meet the maximum 
chuuMiul, and as this maximum 
demand lasts less than two hours 
on the averagj', it is cl(N\r that a 
gicsat part (jf the ])lant, partuai- 
larly in thesummi'i’ months, must lie idle most of 
the clay. Clearly, if expensive machim'ry lit' 
idle the grcatc'r j)arl of the time, t he charges madc^ 
must be grc'ater tlian if it were in eonlinuous full 
use. 4’he nanu^ load-lartor is given to the ratio 
of the average time of us(^ to the total possible 
time of use. Jf the total output of ii station 
during a day were capial to only two hours of con- 
tinuous work out. of tlu' 24 hours, 
the load-factor 'would bo ,L, or 
S.\ per cent. N()W% if current Ix' 
supplied for heating or motive 
power to a. factory tlironghout a 
working day of eight hours, th^^ 
load-factor of that supply may 
h(> as high as 33 per cent, 
and obviously the rate that is 
charged may be much lower. For 
tramways running all day, a rate 
of I .Jd. per unit is vc'^ protUablo. 

Maximum Demand 
Meters. As a consequence of 
these considiTatioiis many sup- 
ply compaiiif's charge their con- 
sumers by a, scale based on the 
total amount consumed during 
a quarter of a year as compared 
with the maximum demand of 
that consumer. A consumeu’ 
who takers a very little total cm orgy but wiio 
draws a lot of current for a v(^ry short time, is 
not at all profitable. So, tlicrcfore, supply com- 
panies ffx in the consumer’s house not only, the 
ordinary motor, but also an instrument called a 
niaxinnim demand 7neter, which registers th(> 
largest, number of amperes which he took at any 
one time. 
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ARABIA 

The tablulaiid of Aral)ia, avtMa^iiig 3..'>00 ft. 
in height, rises to 10,000 ft. in the .soiitli-eust, 
and is only 1,000 ft. lower in the ])eninsula 
of Sinai in the north-west. It is one of 
the driest regions in the world, with eold 
winters in the higher parts and hot summers. 
Much of it is sandy or stony destut, hut those 
valleys which have running streams are very 
fertile. Tlie date is widely grown, and eoffee, 
glims, and spices are produeeil in the fertile 
parts of iSouthern Arabia. Where pasture is 
good the keeping of animals is very important, 
and the horse and csamel are elost'ly hound up 
with the life of the Arab, who is still a wanden^r, 
dwelling in tents, which are made from the. 
wool and hair of his iioeks by the women of his 
family. The ports are Jedda and llodeida, on 
the Red Sea, and Oman on the Persian (5ulf. 
Pilgrimages are made to Meeea and Medina, 
which arc to Mohammedans what Bethlehem 
and Jerusalem are to (/hristiaiis. Aden, in the 
extreme south-w est, amid hurnt-up surroimdingH, 
is British. Much of Arabia is ruled by inde- 
pendent native chieftains. 

PERSIA 

This country (028,000 sq. miles) is a plateau 
0,000 to 7,000 ft. high, sinking steeply to 
the Caspian in the north, and to the I'ersian 
Gulf in the south, 
with narrow' coastal 
plains along thesi’ 
seas. The northern 
margin of the 
plateau is formed 
by the Elburz Moun- 
t^ains, witli Dema - 
vend (1 8,000 ft.) and 
other lofty peaks. 

In the e.vtreme 
north-west, on the 
Armenian frontier, 
is Ararat, almost as 
high. Most of the 
surface of Persia is 
treeless, and there 
are large areas of salt 
desert. The rivers 
are short, and few reach the sea. The climate 
is extreme and the rainfall scanty. Snow falls 
on the western mountains in w' inter, and, 
melting in spring, fills the diy river beds, supiily- 
ing water, which is distributed by undergrouml 
canals to prevent loss by evaporation, for the' 
purpose of irrigating the lands round the 
villages during the hot, rainless summer. 
These villages make little islands of verdure 
in the browm, parched landscape. Tn their 

o 



112 . PERSIA AND AFGHANISTAN 


orchards ripen the vine, olive, p<*aeh, {\pr’ui)t, 
nectarine, pomegranate, fig, almond, and other 
fruits equally fh'lieious. Jn the valleys of tin* 
north-west wlu'at grows ri])e up to U.tUH) ft., 
and rice is much cultivated anuiiid the Caspian. 
(Vdlon is also grown. 3’lu‘ staple products, 
howcA'cr, an* wool and hair from the vast 
numbers of sheep, goats, and cn-nn'ls pastured 
on the plateau. Persian rugs and (*ar)>ets ar(^ 
famous all over the world. 

Persian Towns. The towns of Persi; 
arc often sepa rabid from (‘a(il) other by many 
days’ journey over mountain and de.<(*rt. .\s 

might, be ('X})ectetl in su(rh a c(»iintry, the- road.s 
are few and bad. From Bi'sht, the* Caspian 
port, a route climl)s the wt‘t, forestc.tl nortlicrn 
slopes of the Elburz to the dry, arid southern 
slopes, at lh(‘ bast; of which, on tht; ])latean, is 
Teheran, the capital. Anotlier important 
northern town is Tabriz, in tin* r(*gion nf salt 
lakes, south of the Aras. K<*!jnaiishali, further 
south, trades with tin; Euphrates tow7is. On 
the Persian Gulf arc Bushire, Baiular 4 \))has, 
and other ports. Ispahan, Y<;zd, Kerman, aiul 
Shiraz, with its rose-gardens, are inland towns. 
Near tlie Russian frontier is Meshed, which could 
easily lx; i;onnect('d by rail with the Trans- 
caspian lint*. ISee 112 .) 

AFGHANISTAN 

Afghanistan is a higher, bleaker laiitl than 

l/ersia, rising to. 

wards tin* lofty 
Pamir ))latt*an, the 
Hindu Kush, anti 
the, Suleiman Mt)im- 
lains. The climate 
is t;xtrome. Tn sum- 
mer, tht; valleys are 
intt'ii.sely Jtol, and 
two harvT;sts can be 
reaf)cd — t)ne of wheat, 
barley and lt*ntils, 
ill spring, ami eiie 
ill autumn of rice, 
cereals, fruits anti 
tobaeci). The roatls 
are of the roughest 
d(*scripiHon, and the 
camel tin; only pack 
animal. Tho iieojilt; are hardy, lieree 
mountaineers, wliost; main t)ct;upatit)ii ^ is the 
keeping of animals on the |)astures of their steep 
mountain valleys, dowm w'hich rush the torrents 
fed by the snows of the mighty mountains above. 
'J’hose llowing north find their way to the Oxim, 
while others flow south to the Indus. Of these, 
the most important is the Kabul River. The 
route from India after traversing the Khaihar 
Pass follows this river t(' Kabul, the capital 
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of Afghanistan. The Hclmiind flows west by 
Kandahar to the more arid portion of the 
country, losing itself at last in a lake of consider- 
able size. Further north is the Hari Rud, with 
Herat, to which a branch of the Transcaspian 
line is projected. [See 112] 

INDIA 

From whatever point of view we regard our 
Indian Empire, it presents great diversity. 
Its surface varies in elevation from the summit 
of the Himalayas to tlu’! s(*a level, an<l shows 
eveiy type of fertility, from Irujncal jungle 
to arid desert. Out of rather more than 
1,500,000 s(p miles, (it)5,0(M) sq. miles, or roughly 
two-tifths, }»,r(' goV(‘rn(‘(l by rvilive rulers, who 
stand in varying relations to the e(‘ritral })ower. 
TIku’c is no couHJiunity of <‘ither race or religion, 
and all types of eivilisuion are re])resented, 
from the highly culturial Hindus to tin* .semi- 
savage tribes of the jungle. 

Physical Features of India. Enougli 
Iia.s aln^ady betui said of lh(‘ great mountain 
ranges wliieli wall in India on (he nortJi. 
I'pon tluMi' flanks lie tin* mountain statt‘s — 
British Balnebistun, tin* N(U'th-\Vest Front i(‘r 
provinee, Kashmir, th(‘ wludly imh'pemlenl 
states of Nt‘pal and Bliut an, and .Assam. 

At the has(^ of this mountain wall extend the 
vast alluvial j)lain.s of tin* Indus and Hajiges, 
huilt up in tin' slow (ionise of ag(‘s (.lut of tin* silt 
brought down hy llie.s<* niiglily rivers and their 
tributaries. Five gicat 1 ributari(\s of tlie Indus, 
the Jludum, (.'lienal), Ravi, Ih^as and Sutlej 
water the Punjab, or Land of the Five Hi Nan's, and 
unite to eross Sind to the Arabian S(‘a. The 
innumerable tributaries of lh(‘ (.laug(‘s cross the 
United Provinces and Bengal, receiving in the 
deltaic portion the Rrahmajiutra from Tibet and 
Assam. The desert of Raj}mtana, under native 
rulers, lies between the Indus and the Uangt's. 
The right hank tributaries of tlie (hinges flow 
in parallel valleys ironi the iiortlicrn margin of 
the Deccan pl.'itoan, which occupies the centre of 
pi'nin.sular India. In the west it rises st(M‘ply 
from thi‘ sea. The liigh westiun margin, wbieli, 
seen from below, ajipears as a mountain range, 
i.s c.alh'd the Western Uhats, or Stair.s. In the 
ea.st it sinks gradually to a broad eoastal plain, 
which extends along tlie whole length of the 
eastern, or (Viromandel coast. Here, the much 
less well defined eastern margin forms the 
Eastern Ghats. The northern niaigin is well 
delincHl, and forms thi^ Aravalli Mountains, 
south-east of wLich lie the (Vntral Indian 
native states. South of the Vindhya Mountains 
is the deep gorge of the Narbada, NvhicJi flows 
west across the Deecaii plateau and cross's 
the loNvlands round the (hilf of Gam bay to 
the Arabian Sea. ParaJlel to it, separated 
liy the Satpura Highlands, is the Tapti. All 
the other rivers of the Deccan flow east, 
the jVIahanadi, the Godav«ari, the Kistna 
or Krishna, (Vnvery, and others. The plateau 
narrow's with the peninsula, the soutiiern 
margin forming the Nilghiri Hills. South of 
tlieso is a rc^markable depression, the Palghat 
Gap, beyond w'hich rise (he Anamalai Hills of 
tlio extreme south. The most important 
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political divisions of the Deccan arc the Central 
Provinces and Berar, between the Narbada and 
the Godavari, the large native state of Haidera- 
bad, between the Godavari and Kistna, while 
fiirlher south is the native state of Mysore. 
Bombay forms the western, and Madras the 
eastern maritime province. [8ec 113] 

Ceylon and Burma. South of India, 
and not administratively included with it, is 
(Vylon (25, (MM) sq. miles). It is an island, 
mountainous in the centre and south, separated 
from the mainland hy Palk vStrait. 

Burma lies entiri'ly east of peninsular India, 
hut is politically jiart of that country. It 
ociaipies most of th(‘ basin of the Irawadi. 
Upptu* Burma consists of forestial and litfle- 
known mountain rang(‘s nmning north and 
south, with tributaries of th(‘ Iraw'adi flowing 
hetw(*en them in juirallel valleys. Low (‘i’ Burma 
consists of the fertile lowlan-ls of the delta. 

Indian Climate. Tiie climate of Fndia, 
like its surface, is very variial. (In the coasts 
the lcm[)(‘r;itur(‘ is high througiioiit the year, 
with 1«‘SH variation than in the interior. 'Die 
higlu*si tiaiqxTatun'H in summer are reeordial in 
Sind, th(‘ Pimjih. and Jhilm^histan. 'Du'se 
regions li(‘ moi’(‘ or h's.s outside the influence of 
the rainy south-west monsoon, which lowers the 
summer tcunpcaatiiri*. Rajpiitana and Sind are 
almost rainless, forming an area of triu' desert. 

Rainfall. Tlu' coming of the south-west 
monsoon, the most dramatic feature of Indian 
climate, has already beiui descrihi'd. It strikes 
with great violence on the AVestiu’u Ghats, which 
have a rainfall of ov(U’ KM.) in., W'hile the Western 
J)tM.'can in their l(.*'e has less than 20 in. The 
rainfall is also extremely heavy in Burma, Assam, 
aii<l th(‘ (hinges V^illey, th<‘ highi'st rainfall in the 
wiirkl being exp(*rieneed at a )»lace in (lie Kluxsi 
Hills, which has the enormous rainfall of 40 ft. 
per annum. .Just before the monsoon bursts 
(lie Deccan is the hottest- part of India, but 
during the monsoon months — .Tune to October — 
the highest- tcmiKTature occurs in Sind and the 
arhl highlands to the wTst. where a shade 
temperature considerably above 100'' F. may 
last for many (.u)nsecutiv(^ days. The china to of 
all this region is very extreme, for tlie arid soil, 
unprotected hy vegetation, loses its heat rapidly 
hy radial i(_>n during the night, and the winters 
arc cool. In the Punjab (lie hot summers arc 
compensated for by sev'cral months of bracing 
cool winter weather. 

In autumn (lie south-west monsoon begins 
to recede, its place biiiiig taken by the north - 
ea-st trades, now' moving south w'it-h the sun, 
and often called the north-east monsoon. It 
])revailH from November to February. The 
first two months, eall*d the period of the 
retreating south-west monsoon, is the wet 
season in South-east India and the eastern 
part of tVylon, but the rainfall thus caused 
is mucli less Ilian that brought by the full 
south-west monsoon. 

Irrigation. The seasonal character of the 
Indian rainfall makes it a matter of prime 
importance to store water for use in the 
dry season. An ancient Indian method was 
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to eonftlTuct tanks, subtcrraiuian rcKorvoirs 
and artifirial lakes. Innumerable wells were 
sunk to the water-bearing strata. (Canals 
were also made to carry otf tlio flood waters 
of llu* iiv(M's in spring, when they are enor- 
niously swollen by the melting of the 
mountain snows. This surplus water was then 
<listribut( (I by srnalhu’ irrigation canals. Under 
British rule great (Uigineering works have made 
not m(T(‘Iy tlio flood but tlu^ perennial waters 
of the rivers available for irrigation. Wherever 
}>ossible the country is covert'd Avith a network 
of canals, th(‘ regulation of Avhieh is one of the 
greatest. serviet‘s rendered by Britain to India. 
All these fm'cautions. howevcu’, do not jwevent 
local famines, Avhenever the south-west monsoon 
is scanty. 

Vegetation. The vegf't ition of India is 
luxuriant or tlu; r(>verse aceordii\g to the rainfall. 
Kverywhere it strikes unfamiliarly on the 
Kuropean eye. Balms are ahimdant, and ar<^ 
of many species. 

The coco-rmt ))alm 
does best, near the 
sea. Many of the 
tropical palms of 
iSouthem India and 
CViylon cannot stand 
the cold wint<*rs of 
Northci’n India, hut 
tho hardy date ])alm 
thriv(vs even in the 
dry, extivune climate 
of Sind. At the 
bfxse of the Hima- 
layas is th(i fetid 
jungle area known 
as the Uraiy d(‘adly 
to Kuropciins. Above 
a r m a g n i fi e e n t 
forests of sal and 
th'odar — a (•yf)ivss — 

Avith ten ])lantatit)ns 
in the t'k'arings. 

Above thes(^ are 
A>()ods of brilliantly 
c()]our<*d rhododen- 
drons, making a Avonderful sight. The hottiT, 
Avetter forests of Burma suj)]dy teak, one of the 
hardest limbers in the Avorkl. It is also found 
in the Wc'sbun Chats ai d other hot, wet parts 
of tho }KU\insula. Vciuable fon-s1, trees mv 
(‘bony, satinwood, sandahv^ood. tlu^ guni-arabie 
tree, and jnariy others, ^rhe great banyan is 
grown iis a shade tree. Of tho many fruit 
tr(‘es unfamiliar to us, the pipal, or sacred tig, 
the mango, tJie tamarind, the guava, etc?., may 
ho mentioned. 'The bamboo, a gigantie grass, 
is very valuable, (‘specially to the forest 
peoples, who can make from it almost anything 
that human needs require. 

The cultivated plants include many cereals, 
the variety deixmding on the climate. I^arge 
(luantities of wheat are grown in Northern India 
and in the Northern Deccan as a winter crop 
in the cool months. Riec, the typical cereal 
of 'W’^rin, damp countries, is universally grown 
in tho GfUtges and Brahmaputra delta, in Burma, 


and in most of the swampy coastal plains of 
the peninsula. A universal crop is millet, which 
can be grown in poor soils. Other very common 
crops are pul.s(‘s and oil seeds (sesame, lina(Acd, 
r.ape, castor-oil, mustard). Sugar-cane, indigo, 
and tobacco are Avidely groAvn. Of fibre plants 
cotton and jute ar(‘. important. Tho latter is 
confined to Bengal, but cotton is grown where- 
(‘ver there is a moderato rainfall. Tlie great 
cotton-growing rc'gion is the Deccan, with its 
rich black, moisture -holding soil, and Gujorat. 
Tea in the Himalayas, and in the Assam hills, 
has already ])een m(;ntioncd. Coftee is eulti- 
vjded on the lee slopes of the Western Ghats, in 
Southern India. jSee 114.] 

Minerals. The mineral wealth of India is 
(*onsid(‘ra,bl(‘. Goal is Avorked in Tkjiigal, Assam, 
G(‘ntral India, Haid(‘rabad, and Baluchistan. 
S(Authern India, though poor in coal, is ricli in 
oth(‘r minerals. Iron is wid<‘ly distril)ut(‘d, but 
unfortunately seldom occurs near coal and lime- 
stone; gold is 
abundant in Mysore ; 
tin and ])(‘trol(‘um 
ar(‘, found in Burma ; 
T/ppor Burma has 
li ri e r u b i c s a n d 
(V'ylon pi’ccioiis 
stones, (hdconda, in 
Tlaid«‘,rabad, Avas 
t)i‘(jAnn’biall y famous 
for cutting and 

])olisl>ing diamonds, 
not for producing 
them. 

The Occupa>i 
lions of India. 

fndia is primarily an 
agricM 1 1 tu r*al c( a m try . 
A jKi-storal belt 

stret-ch(‘s acjwjss 
Nortlu'rn India from 
Gutcli to Kashmir, 
everywhere 
Hocks and herds are 
kept in the moun- 
tain pa^stures. 

The manufactures of India -^line to.\tiles and 
metal work— hav(3 always been famous in Europe. 
These, like the more common trades of tlui 
smith, pot tor, etc., are handed on from father 
to son, and skill and taste doubtless become 
h(‘rcditary. In recent years maebiucry and 
the fm‘tory system have been introduced, to 
the rapid deteri{Aration of tho manufaot'ures 
affected. In Bengal jute factories make gunny- 
bags for packing (^xi)orts. (’otton mills an? 
nunu'rous nt'ar th(A cotton groA\ing regions in 
Bombay. 

The Indus. Punjab, and Sind. Tho 

Indus and its great tributary the Sutlej ris(? 
betw(?en the inner and outer Himalaytis in 
Tibet. Both fii^st flow north-west, parallel to 
the axis of the mountains, but the Sutlej soon 
breaks south through the Himalayas in mag- 
nificent forestod gorges, to the plains of the 
Punjab. Tho Indus flows in wild and gloomy 
defiles tlu’ougli the bleak scenery of Eastern 
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Kashmir, passes lioh, the starting point of 
caravans across the mountains to all parts of 
Ckintral Asia, and after receiving the Shyok 
from the Karakorams, bends to the south near 
the base of Mount (lodwin Austen, the second 
summit of Asia. It now flows between the 
mountains of (Jilgit and (Uiitral on the right, 
iUJroHs which lie diHieult routes to the Pamirs 
and Russian and Chinese Turkestan, and the 
mountains of Western Kashmir on the Kfl't. 
Among the latter rise its trihutaries the Jlu hiiii, 
wliose level upp(‘r valley forms tlie far-famed 
Vale of Kashmir, with Srinagar, the summer 
capital near Wuler Lake, and the ( lienah. Both 
desQ^end steeply to the Punjab plains, Jammu, 
the capital of Kashmir, being built on a trihularv 
of the (flienah, near wliere it leaves th<‘ mountains. 


the Jhclum and Indus. The other Punjab 
rivers unite witli the Sutlej some distance below 
Multan, an important town on the line be- 
tween the wheat districts of the Punjab and 
Karachi, the port of tlu^ Indus. The united 
stream, known as the Punjnad, soon after unites 
w'ith the main stream, and Mows across the arid 
region of Sind, past Haid'-rabad, to its great 
delta. Karachi, tlu^ port, ships tla* wheat and 
other produce of the Punjab. [See 115 . | 
Rajputana. Kast of the fiulus lies 
ana, the northern })art of which is a sandy 
desert, when' eanuMs and goats are kept vvh(‘rev(*r 
tlm scanty htuhagt^ is siiflicient. Ikyond the 
Aravalli Hills, the ni>rth-w(‘St edg(^ of the Deccan 
plateau, the country improv<‘s, and has long 
stn‘teh<‘s of liills and woodland, several rivaus. 


The maiii stream of the 
high Peshaw'ur plain, 
where it breaks iij) 
into a network of 
channels, which join 
np again to form one 
main stream near 
Attock, wliere the 
Kabul river comes 
down from Afghani- 
stan. Here the Indus 
is crossed at the line 
from Lahore in the 
Punjab to Peshawur, 
an important military 
post, oommanding the 
Khaibar route to the 
(•apital of Afghanistan 
by the Kabul rivtu*. 
Below’ Attock, 
river, now’ descending 
rapidly in a narrow 
gorge, is a wild and 
dangerous torrent, only 
to bo crossed by tlu* 
most e X p e r i e n c e d 
native boatmen. At 
last it reaches the 
plains of the Western 
Punjab, less fertih? 
than those of the 


Indus emerges into the 
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and fertile vales and jMains. The chief city ut 
Rajputana, which is 
u.nAuKi.n divided Muiong native' 

5<../,wr ww. . rulers, is Ajnu'n', at 

the' northern (*i\d of 
I the Aravallis. 

./>, ' . Ganges Basin 

^ ^ and United Pro- 

6 ^j^;' V ' vinces. 'Pho waters 

V B*** V ^ Himalayas, east- 

y ’ \ <fl Ka,shmir. aio carrit^d 

Indian Ocean 
by th(< (hinges, the. 
sacred river )f the Hindus. I’lie main 
stnNim, which has risen in the 'rib(‘tan 
cradle of tlu great Himalayan rivers. 
Hows parall ‘I to its tributary, the 
Jumna, and both break through the Himalayas 
in forested gorges of great Ixuiuty. 

'Phe scenery of the vast plains of the Oanges is 
everywhere monolonons. During the rains and 
in the winter months the whole of this dimsely 
populated area is covaTed by “ an unbroken siu^- 
<;ession of fu lds, orchards, ami mango groves 
surrounding clusters of villages.” The Jumna 
flows Avest of the, main stream past Dolhi 
and Agra, whos(^ magnilicont palacs's and 
temples arc? among the wonders of the 
world, Delhi is also a mannfaetnring city, 
and a military and railway ciaitrc. Ik'Iow Agra 
the Jumna receives the (.'liamhul, from the 


Eastern Piinjah, which 115, uasix of the Malwa plateau of the Deccan, a centre ot 
are watered hv tlu' Indus o])ium and cotton culture. Allahabad is built 

Jheluiii and ('henah where the Jumna uniti*s with the (hinges, 


from Kashmir, and by the Ravi, Beas, and 
Sutlej from the Himalayas, all dividing into 
many channels — dry in early summer, hut later 
filled by raging torrents, fed by the melting 
Himalayan snows. The whole region consists 
of wide, flat plains, hare and brow'n or golden 
with wheat, according to the season of the 
year. The slopes of the Himalayas, on which 
is Simla, the summer capital of India, add 
timber and tea to the resources of the Punjab. 

The chief cities are Lahore, the capital of tlie 
Punjab, near the Ravi, with many mami- 
factures and many radiating lines of railwiiy ; 
Delhi, in the Gangtw basin; Amritsar, the 
centre of Sikh faith and influence, manu- 
facturing lOishmir shawls ; and Rawalpindi, a 
military station in the extreme north, between 


which has flowed past Cawriiiore ; the latti'i* 
has leather and textile manufactures. Tlie 
great river passes Mirzapiir, tlii^ Birmingham 
of India, and Benares, tJie holy city of the. 
Hindus, whose wonderful metal industries ami 
line textiles liave long been w'orld famous. 
Lucknow, on the (ioomtei*, is also a manufac- 
turing centre, whost*. native cloth of gold tissues 
are as famous as those of Bi'nares. Below tlie 
eonfluenec of the (logra is I’atna, in Bengal. 
All this region is fertile and carefully cultivated. 

LSeo 116 . j 

Tlie Himalayan rivers never run dry, as 
do those which flow from the Deccan 1.0 the 
right bank of the (hinges. Tea is grown on tlu* 
lower slopes of the Himalayas, whose forests 
supply sal and otlier valuable timber. The 
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opium poppy and all Indian crops arc gi'own, with 
wheat as the chief winter crop. Rice is grown in 
the swamp lands during the rains. Tt bccom^^s 
the staple crop in Bengal, the basin of the lower 
(binges. The southern margin of the delta 
forms the Sunderbunds, a n'giori of swampy 
forest or jungle, everywhere intersected by 
water. 

Bengal. (Calcutta, tiie < a])ital of thci Bengal 
Presidi'tKry and the seat of government. foi‘ our 
Indian Empire, is built on the Hugli dis- 
tributary of the (binges. During the in- 
tolerable heat of summer tlu^ viceregal <‘Ourt 
moves to Simla, in (he Punjal) Himalayas. 
The chief hill station 
of Bengal is Darji- 
ling, in the Sikkim 
Himalayas, com- 
manding fine views 
of the giant p(*aks 
of Sikkim and 
Nepal, the monarch 
of w'hicli is Kari- 
chenjunga. From 
])oin(s not far dis- 
tant. a glimj)se of 
.Mount Everest is 
caught. Both N(‘pal 
and Rhutan are in- 
dependent states, 
occupied by hardy 
hill tribes who drive tlair flocks to (Ik^ high 
summer pastures and desctaid to the valleys 
in winter. 

The southern margin of tin* (bulges liasiii 
is the wild hill land of ( hota Nagpur, with vast 
forces! s and large deposits of coal. Tlu? northern 
part is being i K'ared and eultivat<‘d, and tin* 
people live in settled villages or work in the 
niiiK's. I'he southern part is still tlie lioinc 
of w’andcring, half civilised aboriginal triiics, 
who live on the produce of the fon*st. 

Bombay. It is ditlicult to state briefly 
the limits of tla^ western maritime jirovinee, 
which includes the lower Indus basin and extends 
along the coast to the frontiers of .Madras. 
Besides the alluvial plains of the coast, it takes 
in (he western e^earjiment of the Deccan plateau 
and part of the plateau itself. Sind, in the 
Jndus basin, has already been doserihed. To 
till? south is ('Uteh. almost (ut off from the 
mainland by the Rann of Dutch, a broad belt 
of salt marshes in summer ami salt desert in 
w'iiit(‘r. In (bijcrut and all round the Culf 
of Dambay cotton is giown, with wheat as a 
winter crop. 'Phe hot, moist coastal ])laiii 
and Western (Jhats are covered with rich 
tropical vegetation, and on tJie j)lateau above 
enormous (piantities of cotton are growui in 
tlio fmtile black soil. Bombay, the capital of 
the presidency and rapidly beroining the iirst 
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city of India, is the groat market from which 
cotton and all Indian produce, brought down 
to it by miiny converging railways, is shipped 
through the Suez Danal to Europe. Tt 
is built on many islands, now practically 
made a peninsula by the silting up and 
bridging of the straits hetwotm. Its fine 
liarhour, advantageously situated for the Suez 
D-anal trade, its growing cotton manufactures, 
and its excellent railway eominunications 
<*nsure its permanent, prosperity. Oti the 
Dhats ahoie is Boona, the Simla of the presi- 
(hmey. .Ahmcdahad, near the Ciulf of Dambay, 
Surat, on th(‘ 'J’apti. and many other towns 
manufaeturc cotton, 
(‘it her by hand or 
machine power. 

Central India. 
Over 80 native 
states, the largest 
b('ing (Iw^alior and 
Indore, lie around 
(lu‘ northern margin 
of th(‘ Dcccan, wlu'rt' 
thcgii'at escai'jumuit 
o f 1 h e V i n dh y a 
mountains faces th(“ 
.Vravalli hills. All 
are hilly or undulat- 
ing. Though drier 
than the ("binges 
the nnnfall is snflieiimt for sueecssful 
cultivation. Dotton and opium are grown in 
the hilly Mahvi. plateau in Indore, The 
sumim^r crops are very varitsl, and w'heat is 
grown as a winttu* eroj). The* chief river is the 
Narbada, which ris(‘s iu th(‘ (‘astiM u j>art of the 
plateau and Hows past Jabalpur, and through 
its famous gorg(‘s of w'hi((‘ marhK^ westwards 
into Bombay. 

Berar, unfl(‘r British control, lies in the uppeu' 
Tapti basin, the* 1 ow(M' vours(‘ of which is in 
Bombay. Tt is a. hilly region with valuable 
forests and large areas of black cotton soil. 
The chief cotton market is Amraoti. 

The Central Provinces. Tluise inelude 
the high(‘st part of the Decxvin plateau, with 
the soure('s of the rivers flowing both east and 
west. The surface consists of rugged hills and 
plateaux, (Uirlosing fertile and W(‘ll-ciilti vated 
plains, uilh much black eottoivioll. The rain- 
fall is fair, and the suinmt‘rs less hot than in 
many other parts of India, whihj the winters are 
mild. Much whiait and pulse are grown in the 
Narbada valley in winter, and in the rich agri- 
cultural district round Raipur, drained by the 
Mahanadi, replaced by rice in the rainy season. 
'Pbe forest produce is rich and varied, (^oal is 
abundant. The eliief towns are Nagpur, in 
a plain east of the Satpuras, Jabalpur, on th(‘ 
Narbada, and Raipur in the east. 

I finned 
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Parts of the Instrument. The Bow. Tuning. Expres- 
sion. First, Second and Third Positions. Exercises 
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( f'iirimn''l fi-Din 
•.'Via 


By PAUL CORDER 


'T'HE viola, called sometim(‘s tlu‘- leuur, is a 
* member of the violin family, to which 
inistniment, although larger, it bears a vt'ry elost^ 
resemblance. So great, indeed, is tliis similarity 
that we not infrequently find a viola playcu* 
who began his musical career as a violinist ; and 
tile study of the violin will hi* found henelieial 
when we take up the larger instrument. 'Fhc 
aspiring viola player is therefore recommended to 
study the eoiirsi^ on the Violin [si'c page 21211. 

The size of the viola is determined 
by no bard and fast nde, but it is, 
roughly .speaking, about in. longer 
than th(^ violin, its other miiasurements 
being proportionately larger. Yet this 
increase of size is acoustically insufiicient 
for the viola’s dee])cr compass (a fifth 
below the violin), but if it were made 
of the full si7.e demanded by its pitch 
it would bo impossible to hold it in the 
usual way. Tt i.s generally considered 
that thi.s relatively small size is ac- 
countable for the viola’s pemiliar quality 
of tone, and there is no doubt that the 
larger the instrument, the fuller 
ami more resonant is its sound. 

As may be supposed, the tone of 
the viola bears a certain resem- 
blance to that of the violin, but 
it has a distingui.shing quality of 
its own — in the higher positions a 
nasal and penetrating tiinhrv, while 
the middle and lower registers are 
apt to sound weak in any save 
skilful hamis. 

The names applieil to the various 
parts of the instririnent will be 
understood on reference to 1, 

The body consists of the belly — 
i.e., the front — of the instrument, 
the ribs (forming the sides), and 
the back. 

a is the riec^% terminating in the 
peg- box. 

b is the scroll, at the end, merely 
ornamental; attached to the neck 
i.s the fingerboard, c. 

d is the tailpiece, to which the 
ends of the strings are attached, 
afterwards passing over the bridge, e. 

The / holes, or sound holes, are marked /. 
The four strings are made of gut, the two lowiu’ 
ones being covered with lino silver or copper 
wire. They are tuned thu.s : ^ 

'I '■ *2 -——^2 . 


m 


1221 




It should here be mentioned that music for the 


viola is w rit ten, for tlie most jiart, in the alfo 
clef. [vSee MrsicAL Tukoky.] 

These four notes soundi'd by the strings arc 
termed open notes, 'i’lic other souiuls ncces.sary 
for the completion of the scali* arc obtained l)y 
lirndy pressing the string on to the lingerhoard 
with the lingers of the l(‘ft hand, thus in elTi'ct 
temporarily shorleniiig the siring, the exact pitch 
being determined by the position of the linger on 
the lingerboard. 'I’hiis, on the ( ' string, by j)reK.s- 
ing the lirst linger on tin* string about in. 
from the end, the note 1) will he produced. 
Placing the second linger the same distaiieo 
further on will givi* ll’. P, hi'ing a, semitone, 
xvill lie closer to the K, whilt* (I with tlic 
fourth linger is again a whole tone. This 
O is idt'nlieal in ])itc*h with the open note 
of the third string. It will now' he seen 
that 1 ) 3 '' the sucee.ssive use of three tingi'rs on 
each string a complete scale of (’ for two 
octaves and a third can be produced with- 
out shifting the hand. Tlie notes thus 
formed eompri.se the first position. 

'^*’he manner of holding the viola is so 
similar to that of holding the. 
violin that, the student is referred 
to till* instruidions given for tliat- 
instrument |see page 212111. Thii 
onlv'dilferenee i.s that, on account 
of its larger .size, the arm of the 
plavcr is less bent than when 
holding a violin. '^I’lie. bow, too, 
is held and manipulated in a 
jueciselv .similar manner. 

The Strings. Hefore be- 
ginning to play, tbe stiulent 
should d(‘\o(e a little time to 
le.arniiig to ])ut on a string and 
then to tuning the viola. The 
strings when bought u.sually con- 
tain sufTieient for tw’O l(‘ngtlis, 
itli the exeejition of the covered 
strings, which are made to 
the size required. Strings will 
be found to vary somewliat in 
thickness; the exact gauge b(‘sl 
suited to iiriy instnimeiit is a 
matter that can only he deeideii 
liy experience. Having obtained 
a‘ suitable string, proceed to 
make a knot at one end of it. Pass this 
through its proper ’hole in the tadpiccc, and 
push the string in to the adjoining slot, 
which is too narrow to allow’ the knot to he. 
pulled through. One end being thus hrmly 
held, pass the .string over its notch in the 
bridge and along tJie fingerboard to the peg. 
Tn the illustration, the four pegs, markefl 
1 2 3, 4, corre8x>ond respectively to the first, 
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fieconc], tluifl, and fourth strings, and on no 
acoount must; a peg be used for any but its 
correct string. 

The c‘nd of the string is nov to he thniaded 
through the hole in its ])eg, and the latttu* turned 
in such a direction that the string shall pass 
ocf'/’ the peg — not under. After lialf a turn, the 
end can be extracted from the box and ludd 
so that the string .shall pass over it on cacli 
su])se(pi<‘iit turn of tlie ])<‘g, thus holding it 
firmly, and preventing it from slipping. The 
string should he made to coil upon thc^ pc‘g in a 
direclion tiaicliiig towards tlie larger end. If 
the peg shows any tendency to slip in its s<)ckct, 
it shoul<l ho. jnished inward as it is turned ; 
being made to t;i])er at one end, this will l»av(‘ 
the t‘lT(‘cl of wedging it intn its h(»l(‘. 

Tuning. The st rings arc; tuned by incrtsising 
or d(‘crcasing t heir teaisiou by means of the pegs. 
I’iic mon^ tightly the string is strained. llndiigluM-, 
of eourse, is the pitch. 

The A string is a-lways tuned from some other 
instrument whose pitch does not vary. Tliis is, 
e>f course, in unison with tin* second string of the 
violin, and is tlu' not(‘ (arbitrarily) from wliieh 
almost^ all instninnmts an* (um*d. From this 
fixed j)oint, as it were, the either strings may lie^ 
easily eorrectcfl, it being borne in mind that eaich 
is a p<.'rfect tiftli from its neighbour, and that a 
perfect fifth is the^ most sensitive e»f all inte'rvals ; 
the* slightest, inaccuracy of one of its e()nstitu(‘nts 
produces a. ha.rshness that may be* re;cognise.*el by 
the most inexpe?i(‘nc(d e‘ar. While the tuning 
is in firogross the* strings should be soundeel with 
the bow ; therefore it is well to he able to 
iTiani})ulate the ])eg with eine liand, whiles the 
other holds the bow. The usual method eif 
managing this may he learnod by watching any 
\ iolinist tunmg Ins instrument prieu* to playing. 

The^ viola must be lirmly he*ld by the 
chin. To assist this, a ]vwl may lu* j)lae<‘el 
under the left lapel of the coat, iKuieath the* 
instniment. The ehin-ivst alse) afforels help 
in this niatte*r, while* the* iie*e*k eif the viola 
is to be supported in tin* e-i’eiok eit the thumb 
and lir.*it tinger. This support sheiulel be .suili- 
eie*nt to ke*ep the instrument epiite ste‘aely. .Any 
attem])t to grip the m*ek with the JingeTs, 
even betwee*n the feiretingei- and thumb, is inad- 
missible*, and would, iiuie'cel, be fatal whe*n \m* 
eenne* to shifting to the’* highei’ })e»sitions. 

The Bow. Now let us turn emr atteiitiem 
to the bow. The* different })arls e)f this an*, 
showai in 2. The le*ngth should he* abe^ut 2t) in. 

a is the* stiedv, which is 
u.siuilly matlejof lance- weaul 
or snake- wood. 

h is the hair, which is 
fast(*neel to the heael (e ). 

By means of a nut {(f), *\hich seiews inte) the 
lieael, the hair can be made tigliter or leioser. 
Whe*n not in use the bow is kept loosened, and 
hefeire be'ginning to play, it must be tighU'iit'd 
by turning the nut. It must not be^ made so 
tight as to lose its elasticity, hut tight enough 
to prevent the stick from coming into ceuitact 
with the hair when playing fortissinu). On 
each occasion, before using, tlie bow should In* 
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rubbed over a piece of resin, care being taken 
that the ends as well as the middle of the hair 
receive their share. 

The bow is Indd precisely in the same way 
as the violin bow, but one or two points 
may bo reiterated. It should not be gripped 
too tightly, but held easily between the first, 
second, and third lingers opposed to the 
tluimb ; the little finger is used to balance 
the bow. Any additional pressure of the bow 
on till* strings is ]>roduced by the middle joint 
of the fon^Hng(*r. The hair of the bow' must 
not be plsieed flat on the strings, but the bow' 
must lx* turned so that tin* edge of the hair 
furthest from the ])lay(‘r first comes in eontaet 
with the siring. It is ini})ortant when playing 
on the first string to remember to keep tin* 
(‘Ihow in, close to the side of the body; one of 
the: commonest faults with beginners is to raise 
the (‘Ibow until the u])per-arm is almost in aline 
with the shoulder. Apart from the aw'kward 
and ungainly a])}) 0 .a ranee caused by this attitiuk*, 
it is almosVimpossiblc to control tin* how^ Avith 
due cielieacy from this strained ]>osition. 

Now^ try to play the folknving exercise very 
slowly and with an even tone. The sign , — , 
signifies a d<wvn-l)ow — i.e., starting at the nut 
ami drawing to the point; v is used to indicate 
an np'how, fiom the ]K>int to tlu*. nut. 



. ^ 

[* Simile’ i.c., iti llu* .siiiiic miiniii.'r.l 

Hold the viola and bow as directed, and bring 
the latter, at (he end near tin* nut, on the A 
string, at a placid a])])roxiinately midway between 
the bridge and tla^ fingerboard. The wrist 
should, .at this jioint, be somcAvliat bent; the 
wrist -bone, that is to say, should l>c> higher than 
the hand. Now draw' tlni bow slowly across 
the string, endeavouring to keep the ])rcssure 
on it ix'rfectly even throughout. th(^ stroke. 
Se,e, too, that the ])ow remains on the same part, 
of tin* string throughout, and does not get either 
nearer to the bridgi* or to the fingerboard. 
Take care tliat the bow remains at right angles 
to the string all the time, and if, on no.aring 
tin* i>oint, it is seen to be 
cf otherwise, the fault will 
probably lie with the arm, 
Avhich may have been 
moved from the shoulder 
joint instead of the elbow, thus swinging round 
the whole arm and causing the elbow to move 
l)ehind the body. 

This is a bad fault, and must be carefully 
guarded against. As a matter of fact, afti*r 
half the length of the bow has been drawn, the 
upi>er-arm has very little to do, the greater 
part of the movement being caused by the 
unbending of the elbow. The wrist, also, 
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gradually unbends until, at about two-thirds 
of the bow, it is level, and- during the 
remainder of the stroke it. bends in the 
reverse direction — that is, with the wrist- bone 
lower than the knuckles. This movement 
will be found to occur naturally if the bow is 
kept straight and the arm near to th(' side. 

For the up- bow the movements are simply 
reversed. 


The bowing for tlie otlier thret* strings is very 
similar. The chief point of ditTerence lies in 
the elevation of the up])er-arm, which is to 
be raised sufhciently to alloAv the })ow' to lie 
comfortably on the string. 

Expression. So far nothing has Ix^en 
said about the sounds we me producing from 
our instrument. The iiittmsity of the sound 
— i.e., its Joudness or softness-- is govcnuxl, 
to some extent, hy the sjx't'd of the l)ow% hut 
prinei])ally by the degree^ of pressure exerteil 
by th(5 bow' on the stiing (hy nuNins of llu^ 
forefinger). When pinn ing piiini,'<simi) the weight 
of the bow on tbit siring is eontroll(‘d by the 
little iing<u’, which acts as a eouiilerhalaiict*. 
A difficulty to the betrinner is always to start 
so that an unpleasant scraping shall not intriule 
itself ; this socins to be caused l)y a combination 
of too mueli pressun* on the how and too slow 
a s})(‘ed, hut j)rinei pally tlie former, and may 
lx; overcome hy judieions attention to th<“se two 
points. Tin* <*x(;reise should then he praetis<‘d 
with a and d creat' rulo on each note, 

beginning and (‘luling quite softly and swelling 
to a forU'. in the middle. 

As soon as a iinxlerate amount of mastery over 
tlu; how arm has l)e<*n pi V 

attained, w<* may turn X 
our attention to ])ro(lue- lIR* T j 
ing notes other tlian the '"o 
open sounds. Jkdoie beginning this, howewta*, 
it is necessary to insist that the stiukait shall 
listen attentively to every note; lie plays; for 
we have nothing hut the ear to tell us whether 
or no wa* are playing in tune. 'J’he position of 
(;very note; must Ik; found out and l(‘arned ae- 
eurately ; there must lie no shuffling and sliding 
of the lingers to eorr(;et a faulty intonation. 
Therefore, let it he emi>hatiealiy nuterated, 
listen, from tlko very beginning until the habit 
has been acquired of stop])ing notes dead in tune, 
and after that still listen, to ensure eorrret ]>laying. 

Now, it is easy to say that on an average 
viola the distance from 


about J in. less, and so on. This may Ik; qiiih; 
true, hut even the very beginner cannot put 
down his bow^ and measure olf the distances 
upon the fingerboard. He must use his ear to 
tell when the note is sounding in tune, and tluui 
remember the positions of tlu; lingers that gave 
the correct sound. If the student has small hands 
he may find G with the fourth tinger rather an 
awkward stretch, but that is no reason for 
permitting the note to be }>laycd flat, or for 
substituting the ojien note. Let the little fingc’* 


have tlu; exorcise it stands in need of, and in a 
very short linu; it will cease to giv<; trouble. 

Space forbids the inclusion of exercises, hut 
the stiuk'nt should, at this point, jiroeure a hook 
of elementary studies for llu; viola. I’liose by 
Hofmann may Ix' recommended, or the “ V'iola 
S<*liool,'’ by Hans Sitt, will lx; found u.s< l’ul. 
Both an* puhlisluMl iii tlu; P»*ters Kdilinn. 

It is not necessary that a w'hoh* how’ lx* used 
for eaeli note as we have Jiitlierto done. Scvetal 
notes may he stopped, even thosi* lying on adja- 
cent strings, during tlie time the bow' is travelling 
from one end to tlu^ other. A slur, thus ; 



is us(‘d to indieati* that all tin* Mot(‘s under it 
ar(* to lx* pl;iy(*d in oiu* how. 'Pile smooth 
i‘lTeet of this is tinned /-f/zA), tlx* word sf-ir<-u‘n 
being employed to indieati* short notes jilayed 
eaeh with a separate bow ; the latter are some- 
times marked with a dot, thus: 







A variety of patterns, formixl of a eomhination 
of legiito and sta.eealo, is tims fx»ssihle. .Many 
of flie.se reqiiii’e careful management of the Ixiw 
to render tliem sm-eessfiilly. 

In this i‘xam])le, more how is required for the 
shined notes tlian for the detaehed ones, and 
this requires that the litter be played at. the, 



opposite end of the bow for each group alter- 
nately. A mon* (lillieult bowing is the following ; 





it would seem that three times as nineh how 
is wantcil for thi' Ar/a/o notes as foi* the one 
.s/am//o, hnt if this is done a \eiy short- time 
will bring us to the end of the bow', and maki* it 
impossible to eoiUinui* without an ugly break in 
the musk*. The only way to overeome* this 
difficulty is to take an eipial amount of bow lor 
the two unequal sections of the group that is, 
a rather slow down-how tor the three shirred 
notes and a qiiiek up-how for the last nole, 
taking tlu* bow baek to the start ing-iioint . 'Phe 



i.s to be intm preted llius : tlx; slur indicates one 
bow for the six notes; the dots indicate that 
the notes are to be sepaiated -that is, the how 
must stop between eaeli note. This is some- 
times called portamvntii. 
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When we reach the mo of sharps and flats 
our diflicwlties materially increase, for each finger 
has now throe different positions to remember. 
Thus, on the fourth string, the first finger 
will, besides the Dlj, play D!?. (CJ), half a 
tone below its normal position, and also DJJ, 
half a tone above, despite the fact that this 
latter is the same sound as the K!^, which is 
taken with the second finger. The position of 
the hand should not bo altered at all, merely the 
finger advanced or put back to a position midway 
between two consecutive tones. The other 
fingers have a corresponding series of extensions 
and retractions for Htoj)ping the notes a chro- 
matic semitone on either side of their normal 
jKJsition. 

Tt will be seen that by inclining the bow so os 
to touch two strings simultaneously, double 
notes may be played ; the chief difficulty with 
these will 1)0 found in keeping the tone evenly 
balanced on both strings. Three, and even 
four, nok's may be played almost togothcT, by 
drawing the bow raj)idly across the strings, 
althougli only the highest two are actually 
siistainetl. 


Thus 






never tlie reverse 


P which sounds 




It 




It 


difficult when none of the 
notes are open ones, thus : 
I'lie intonation must be very 
carefully attended to. 


m 




Still harder is this position : — - - 

But such chords are not ■" 1 ^ 1 

very common. 

Positions. The student will do well to 
confine himself for some time to the first position 
only, until he has acquired a very considerable 
mastery over exercises and easy pieces within his 
abilities. 

If wv shift the hand along the neck of the 
viola, so that the first finger is in a position to 
stop the notea formerly played by the second, 
ana, in consequence, all the other fingers are also 
playing a note higher than prsw^.)U.sly, the 
comjmss will extend to F on the first string 
instead of E, and we shall bo playing in the 
second position. Of course, the lowest note, I), 
on the fourth string is now inaccessible ; we 
have mtjrely transposexl the compius a tone 
higher — not extended it Similarly, by shifting 


the hand still a noti^. higher, 
the compass will extena: 



This is the third positHh. In .a like manner, 
the fourth, fifth, sixth, and seWnth positions 
are attained, each situated a note above the 
previous ones. 

There are several things to be learned afresh 
for each new shift. First, the position of the 
hand along the neck of the instrument must be 
remembered, so as to bring tlie fingers over their 
correct note positions. Secondly, an entirely 
fresh lingering has to bo memorised and con- 
nected with its corresponding position ; and here 
much confusion will result if we try to proceed 
to fresh difficulties before thoroughly ma.stering 
the earlier ones. Thirdly, as we advance to the 
higher positions the notes become (doser to- 
gether ; they are no longer at the distances they 
occupied from one another at first ; in the very 
high positions the fingers become uncomfortably 
close together, and there is consequently oven 
less latitude for error than before. It is im- 
portant that one position be thoroughly learned 
before studying another. 

It is very usual, and tlie practice has much to 
recommend it-, to learn the third position before 
the second. It is a more generally useful one, 
and has, furthermore, this advantage : just as, 
in the first position, the hantl was at the end of 
the neck — t'he projection of the peg-box forming 
a guidance for the thumb — so now, in the third 
position, llie hand is brought to the other end of 
the neck, and allowed to rest against the shoulder 
of the viola body. This establishes a fixed point 
of aim for the hand, which is not possible in any 
of the other positions, although in the fifth and 
higher the thumb should always cling to the 
viola in the angle of the neck. When the finger- 
ing of the third position has become tolerably 
familiar, exercises should bo practised wherein 
it is combined with the first position. In 
changing from one to the other, the hand and 
finger — it is, perhaps, easiijst w^ith the first finger 
stopping its note— should bo swiftly slid together, 
with no independcMit movement of cither. 

Mention should be made here of what is known 
as the half position. It is situated a semitone 
below the first position, and its use will best be 
seen from an example. 



By playing this with the fingering shown, the 
passage becomes considerably easier than if 
played in the first position. From what has 
been written, the student should have no 
difficulty in learning the remaining positions, 
with the aid of a suitable book of studies properly 
graduated as to difficulty. 

For an explanation of harmonics and much 
other matter, the student is referred to the 
instructions on the violin. 


Viola concluded 
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’^HE bodymakor ‘ cHBcntially a woodMwkcr, 

* although wo see somo typos of railway wag- 
gons where metal is the constructional material. 
Motor-car bodies with aluminium panels and 
mouldings ah o require that the workmen should 
have some knowledge of the nat<ure and proper- 
ties of other substances besides timber. 

The rail-carriage bodymaker depends largely 
on the preparation of his framing by the sawmill, 
his work consisting largely of what, might be 
strictly called fUthuj. The coach bodymaker 
ofkui has the heavier part of th(‘ “getting out” 
done in this way, Imt, taking it all round, the 
construction depends on bis own manual skill. 
Again, in van building and in Iramear and 
omnibus factories, we see maeliine.ry playing 
an important part in the priqiaration of the stulY. 
Maehiner)^ itself is dealt with further on. 

The Uses of Timber. Wei I -seasoned 
timber is the chief material requir'd by the con- 
structor of vcliiclcs. Too much importance 
cannot bo placed on tlu' projicr drying of the 
wood. For most. ]>urposcs the natural and slow 
process of seasoning is tlu* hvrA . DitTercnt woods 
recpiirc vai’ying periods in wbicb to become lit 
for use, and the tbieknoss of the timlxM' is also a 
fa(dor in determining how long it must lu*. 'Phe 
nature and properties of timber are dealt with 
in another part of this work, l)ut some of tlu* 
varieties, with their uses, will now be giv(*ii. 

American OaK. Beeause of the length in 
w'hich it er.n be obtained, American oak entc*rs 
largely into under- frames, floor, atid body fram- 
ing, and into rails and pillars in railway work. It 
lends itself for bent work, and ther(*forc may be 
seen in top rails earrying the roof. 'Plie varieties 
of European oak are used for panels and bwias, 
us the medullary ray, being distiiiet and numerous, 
makes it ornamental in character. 1’bc wheel- 
wright uses oak for heavy stocks, bottom 
framing, pillars and standards, also unde.r-carriage 
framing, and beds of axles, especially if a wet. 
load, such as hrt^wTis’ grains, he carri('d. 'Prain- 
car door frames, seat laths, and trolley planks 
are of oak, as are also the chief members of tlu^ 
under-frame. It may be noted that tramear 
and railway rolling-stock are generally made 
in the same works. The Great Eastern Railway 
Company have lately turned out omiii])UscH, but 
this is an exception. Iho style and construction 
of both are similar, and many of the terms 
used are identical. 

English OaK. English oak, because of its 
tannic acid, corrodes any ironwork that may be 
fixed to it, yet it is the best of all oaks, its tough- 
ness being unsurpassed. The home-grown variety 
is used by the coach builder for glass frames. 
Whatever may be the claims of American wheels, 


English oak spokes have not yet be(‘n surpassiul. 
Tlu? fireman, as he hast(*ns up the escape bent on 
his merciful errand, treads upon the same 
material. The maker of trucks, hand (-arts, 
and barrows uses oak. 

Other Woods. Teak is a railway wood, 
and is used for framing, })ant?ls, and disc wlu*el 
centres. Tram and ’bus bodies have also this 
wood in their fram(*work. T ( is spca'ially suitable 
for hot eliTiiates, and has a breaking strain about 
half as inu(*b again as oak. 

/Htnflish A,sh is a coach -building wood employed 
for the framework. Pul)li(* servii’c vehicles 
are partly so constructed. Its strcngtli, tough - 
iU‘!-s. and (*lastieity can be iitilis(*d only when the 
timber is well protected. Ash may be lumt like*, 
oak, aiul is used in similar positions, 'riie hedge- 
grown variety, when not too old. is well adapted 
for undcr-carriage woodwork and fi'llocs of wheels. 
American ash docs tlu*. work of the British variety 
only to a smaller degree — at least, so'tlio Knglisli- 
man says. Van raves, for»*-carriagcs. and bolsters, 
also most veliieli? shafts and pole’s, arc of ash. 
Pane) battens, furring, or backers, though oft«*n 
of pine, are. sometimes made* of this variety of 
limber. The truck maker numb(*rs it. among 
his hard woods. 

Elm is s(‘(‘n in van bottoms subj(*eted to hard 
we'ar, and is used in eeiaeb-building for stocks of 
Avheels. 'riu? vvbee'lwright uses it for light 
storks. Foot boai’ds, s<‘at boards, boot and hotly 
sides are also of tlu* same wood, the? lasl-men- 
tioned wlu*ii I he; work is finished in the* natural 
wood. Stair treads and uoe)don van axle beds 
aro sometimes of elm. This wood dejes ne)t lake_; 
paint well. 

(Uinadian Hirrli foot be)ards, seat boards, boot, 
and hotly sides and wings an; used by carriage 
builders. Tlie great width of this wood makes 
it suitable* fe)r van panelling. Tlic interior de*t ora- 
tion of railway coaches is often eOecte'd in 
Sijeamore and WaJtiuL Tlu; emachmaker iinds 
the latter usefid in varnished cart sides. 

Homluran Mahogany is pre-eminently a. pane*!- 
ing wood in all typt;s of vt;hicl(?s. 'riie beautifu lly 
ligurcd Spanish malujgany is used in ornaincnta! 
fittings. Cedar is usetl for paiu’ls in eli(;ap jobs. 

Whitavood a-nd Poplar are panel woods u«e‘d 
in Ameu-ica. In this country we; use them in 
work that wo de) not wish to lx; expeiisivt;. 
The rocker ])anels of trams are of wliitewood. 

There are nuiny varieties of Pine. The; 
Canadian y(;llow' ])iru* and European brands are 
us(;d for railway waggmi sides, and ft>r tloor, 
roof, partition, and lining boards. In road 
vehicles they have similar uses, such as bottom, 
scat, lining, and roof boards, and tlu; advertise- 
ment boarcls of trams and ’buses are of the same 
timber. Oregon pine is used for tlu; sides of firc- 
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escapes. When vans arc double panelled the 
inside one is of pine. 

Kauri pine has similar, though not so extonsivo, 
uses tn the American and European varieties. 

l^itch pine is used sometimes in traini cant 
rails, rocker rails, seat laths, crown pieces, and 
trolley planks. It is a suitable material for stair 
treads and stepboards. Sequoia is used alternat- 
ing with pitch pine for scat slats. 

The Tool Chest. The kit of tools required 
by a bodymaker is more comprelumsivo than 
that of the carpenter and joiner. The vehicle 
body constructor is in most cases a far more 
highly skilled workman, although he receiver 1i*sh 
wages than Iht*. man responsible for the woodwork 
of house and shop. The contents of the body- 
maker’s tool chest varies greatly, yet the follow- 
ing is a representative list : 


Cliiselfl from in. to - in. 
broad 

Oougca from A in. to 1 in. 
Flat 

Mortis(^ chisels 
C\>ld chisels 

Draw knivt's (motlium 
aud large) 

Axe> 

A<lz0 

Two braces 

Set of bits, in oaiu as or 
baizo rolls, ct>m])rising 
centre, shell, .spoon, 
tioso, twist, shell gimlet, 
flat ; smiil’s horn and 
rose head countersiuikH ; 
turnscrew, rimer, and 
screw hits of various 
sixes 

Shell and twist gimlets 

Bradawls 

Fiddle drill 

Tool pad 

Marking awls 

Scropors 

Turnacrews , 

Brad puucbea 
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Smoothing, jack, trying, 
tloor (rhecking, com])a.sH, 
adjustable, toothing, T, 
and grooving planes 
Parting, beading, and list- 
ing totds 
Cheeking lili.ster 
Shaft rounder 
.Tar vis 

Draw bore pins, .straight 
and crooked 
Spanners 
Wrench 

Framing, bolt, and vin 
bn miners 

Coaehinuker’s vice 
Bench stop 
Cramps 

Bench holdfa.st 
Sash cramp 
Fib'S, \ arious kinds 
Pincers and xiliers 
Iron compasses 
Oil can 
Pencils 
Tool bass 
Oilstone and slips 
Spare tool handles 


Marking, cutting. Mallets 

in o r t i s e , and Straightedges 
panel gauges Sot square 
Steel s<iuares Buie, marked 

Sliding and .spider Knglish and 

bevels Metric 

Spirit level Trying, winding, 

SpokcsbavcH or fairing sticks 

Fence, boxing, and Rain’s lioni sweep 
side routei*s Name punch 

Saw ]>ads Tlie coach carver 

Keyhole. bund, uses besides the 

y panel, frame turn- tird inary carv- 
ing, bow, <om- ing tool, special 

pass, tenon, dove- tools of bis own 

tail, hack, and making 

Bettye saw s 

Eig. 31 shows a bench specially constructed 
for coachmaker’s use. Such a bench should 
1)0 made of English beech, with the exception 
of the centre plank. Both end and side vices 
have iron screws, slides, bearings, and face 
plates in the jaws. 

Names of Parts. Although some names, 
such as wheels, sjutkes, panel, and body are used 
throughout the different branches, yet the greater 
number of terms undergo changes in various 
shop and localities, and in different classes of 
bodies. 

In 32, 33 and 34 are illustrated three different 
tvpes of vehicles, with panels removed to show 
the interior construction. In 32 we may see 
at a glance the general methods adopted by 
the van builder in the heavier class of work. 
The names of the various parts are as follow, 
and the reference letters and figures serve for 
identification : 


A. Floating rave 

B. Top ravo 

(k Nuinft board 
I). Midille rave 
Dl. Round iron pins 
D2. Round iron pin.s, O.S. 

E. Side txiard 

F. Falso top Hide, or lin- 

ing })ieco 

G. Bottom, or main side 


R. Front earbroadth, or 

curbed 

S. IToad rave 
J’. Dickey seat 

U. Book locker 

V. A.sconding strap 
VI. Ascending tread 

(uppers 

V2. Ascending tread 

(lower) 


Gl, Bottom or main side, V:b Ascending handle 


O.S. 

H. Hanging, or spring 
summer 

J. Summer 

K. Floor board 

JLi. Floating rave stay 

M. Central bt>dy staff 
Ml. Front Imdy staff 
M2. Hind body staff 

N. Front name boord 

O. Front board 

P. Tailboard 
PI. Tail chain 

Q! Hind oarbrcttdth, or 
earbod 


W. Break treiullo 

X. Hinged footboard 
V, Landing board stays 
Z. Dickey seat stays 

2. Polo 

3. Polo crab 

4. Polo chains 

5. Pin strap 

tl. Front polo socket 

7. Top bolster 

7a. Bottom bolster 

8. Horn bar 
0. Pedestals 

10. Splinter bat 

11. Splinter bar tread 
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[ (Juitles 


spring 


12 . 

13. 

14. Hind bar 

15. Globo scrolls 
1 (i. Drag hIioo, tlrug shoo 

or skid 

17. Wheel cluiin, lock, 

or ti<' 

18. Brake block 

19. Front clicck spring 
10 a. Hind check spring 

Paris of a Light Road Waggon. 

The lighter class of work is illustrated iu 33. 
and the under-earriage is typical of American 
practice. The waggon has a cut under for 
front wheels ; it is hung on three sjnings. 


19b. Hind chock 
V bearer 

20. Wooden axle bed 

21. Front side H])ring 

22. Hind side S]>nng 

23. Drag prop 

24. Kront pillar 

25. Hind pillar (gun- 

stock ])attcrn) 

20. Wood sweep pii'coM 
27. Kront loading ra<d{ 




A4. Moulding 
A 5. Fence rail 
Afi. Oiitsitlo door handle 
. (tlrop pattern) 

A7. Inside door bandl«> 

B. Sliiii door pillar, O.S. 

Ck Front standing iiillur 
N.S. 

Gl. Too of C:. 

(^2. Brass shut plate 
D. Hiinl standing pillar, 

N. S. 

K. Hind staialing pillar. 

O. S. 

F. Oornor pillar, N.S. 

<;. Front light y.iillar, N.S. 
11 . Short Indtoin side, N .S. 
HI. Top ciuiinp pioj'c 
112. Klhow clmtiip ])i**ce 
H3. Front rail (foi slid- 
ing glasHt's) 

H4. Front toj) rai 
Ho. (Jant rail 
I ft), (^ornico 
117. Hoof rail 
Hk. IMlhir plat*' 

H9. Boot rails 


L9. Seat Valonoo bead 

LIO. Seat rail 

LI 2. Boot side, O.S. 

M. l)oi»r panc'l, N.S. 

M I. Dash or dasher 
M2. Dash handle 

M3. Hracket tread 
M4. Hottt)in arch panel 
Mo. 'Pop arch panel 
(.s('cti(>n) 

Mi>. Tttp back panel 
M7. Front sid»*glas.s frame 
M8. Door lining, or cosing 
hojirds, O.S. 

MO. Outrigger hinge 

N. Door batten 
NI. Silk blind. N.S. 

\2. Silk blind, O.S. 

N.‘l. 'Pnh to N.S. blind 
\4. Quarter sipiah 

X.'i. Pillar holder 

.Nt). t lla.'^s si l ing and slide 
\7. Bottom hack stiunh 
N'S. Middio cro.ss rail 
N9. (Jroovii hn* b(»ttom 
back yiniH'l 
NIO. Lamp 


/ 
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and has a plain double pereh. 'L’he eonslrnc- 
tional details are as follow, and the naming 
follows American practice : 


A. Front corner ynlla 

B. Cou})o corner yiilla 

D. Sill 

D. B(dt 

E. Centre! bar 

F. (inards 
U. Top rail 

H. Centre pont 

J. Kockcr jncee 

K. Riser 

L. Bracket yiieco 

M. Whoelhoiirto 

N. Window rail 


(). Window frairn* 

P. Dri]) moulding 

Q. Head panel 

R. Step tread 

S. Hca<l bloi'k 
SI. Fifth ^\hccl 

'P. Front axle Ix'tl 
F. J)onble perch 
V. Bai'k axle bet I 
AV. Hub 

X. Window juiitition 

Y. Finneil moulding 

Z. Inside lining yuiiiel 


II in. 'P<ip ur<'h paiM’l 
(in. siilo surl'm*') 
.1. Short bottom side, 

O.S. 

K. Poy) <)uart<‘r battens 

N.S. 

Kl. Bottom (piarti'r 
batten, N.S. 

K2. Bottom •piartin- 
batten, O.S. 

K. 3. tJhn' bkii’ks 

K4. Bottom quart''!' 
panel, O.S. 

L. Top (piarti'f panel, 

N.S. 

LI. Boot side, N.S. 

L2. Heel board 
L3. Bracket 
Ll. Well footboard 
L5. Seat fall 
L6. French driving box 
J-7. Scat border, or 
valence 

L8. Scat board 


1'. Door bottom 


PI. 

Body step tre.ad. 

O.S. 

P2. 

I?ody stvp eoviM’, 

N.S. 

Pib 

Body step cuvfir, 

. O.S. 

IM. 

Steyi cov<T stay, 

.\.s. 

P5. 

Step eoviw stay. 

O.S. 

IMi. 

Step trend slay, 

O.S. 

P7. 

St<*|> tread stay 

N.S. 

P8. 

'I’ail of pump handle 

Pl». 

I’nmp handh' 


Q. 

Riieki'r. N.S. 

eiv'd) 

Ql. 

( Jl.'i.sM fnimo { h>\\ 

Q2. 

Bnhiar hufl'er 

fur 


glass frunio 


Q3. 

(lla.ss frame n 

!.st, 

Q4. 

BiJvel of glass in 


frame 


U. Edge plate. N.S. 

Rl. Edge plate, O.S. 

R2. Flap of edge plate 
H3. Hoof 

R4. Flaps to dash iron 
R5. Bolts retaining ctlgo 
plate 
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Details of a Brougham. There are, a 
great many parts in the construction of a double 
brougham, wliich arc clearly set forth in 34 : 

A. Hinge door pillar, N.S. A2. Door top, N.S. 

Al. Shut door pillar, N.S. A3. Wasting round light 
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U6. Hind carriage hill* 13. Hind axlo 
S. Hind bottotn bur 14. Front axlo 

'r. Front bottom bar 15. Tonguiiig piece 

U. P'ront spMt mil 15. Framing piece 

V^ Hind Beat vail of 17. Top bod, or tranwoin 
front innide seat 18. .Axle, or bottom bod 
\V. Front inside seal 19. Horn bar 

board 20. Futcbell jaw 

X. rnside seat -board 21. Adjnstublo spUnb'r 

V. Hind Hcnt mil bar 

Z. d’o|> back side battens 22. Holler }>olts 
Zl. To]) back cent re l)at- 23. (-'ireiilar shaft bar 
tens or l)a<?k light 21. Wbetd iron 
battsMi 2r>. Hack stay.s to wliot'l 

Z2. Hole for back light iron 

2. FejIo(' 20. Fut<0iell stay 


gauged from the fact that the pillow's and 
blankets of the sleeping berths arc shown. 
Furnishing details, even to soap-dishes, arc 
included. In the accompanying illustrations an 
attempt has been made to show the names of 
the chief parts of leading vehicles. Upright 
memlx^rs are safely called pillars or posts, and 
those that lie horizontally are generally desig- 
nated as bars or rails. The position of a piece 
often decides its name, such as top, bottom, 
middle, centre, or top back rail, while its duty 
is often implied, as in hinge pillar, back rest, 
ascending step, or brake spring. Others, such as 
futchcli, nunter, cant 



rail, summer, and rave, 
do not readily lead tlio 
uninitiated to their 
locality. The names of 
the vchi(;les themselves are, 
])erhaps, more uniform, 
but Americans never talk 
of railway carriages or 
waggons. Everything is 
a car, sometimes a coach. 

There a caboose car is 
here a guard's van; ex- 
press and baggage cars 
arc livggage vans. Motor- 
car })eople have from 
time to time lacked uni- 
formity in the naming of 
their bodies. At one time, 
anything with a solid head 
was a brougham, and even 
now landau lettes are 
called landaus, and the 
term tonneau is applied to 
bodies whose plan shape 
is anything but a tub. 

The French term coupe 


83. AMERICAN I) r.MV CRY WACKJON WITH euT UNDER Fon FRONT wjiKELs often applied to the 

single brougham, and a 


,3. Sin>k« 27. Front fi'lloo piec.' 

4. Stock 28. Hind fciloo pioc<> 

5. Spoke foee 29. Wheel ])Iate 

0. lyre 30. Bottom Hpririg clips 

7. Front ytock Iioop 31. Spring blocks 

8. Axle cap 32. Axlo flap 

9. Top spring clips 33. Flap of bottom bod 

10. Hind elliptic spring yilato 

12. Front elliptic spring 34. Footboard stay 
O.S. -= Off side N.S. Near side 

Simple Vehicles. Figs. 35 and 36 
illustrate two of the simplest forms of body- 
making. In the former wo have a wooden bot- 
tom, while the superstructure is practically all 
metal work. The method of fastening the middle 
and bottom side and front rails is illustrated in A. 


thn^c-quarter brougham is the same as a double 
or double-scaled brougham. The terms lorry^ 
lurry, and trolley do not seem to have any 
special distinction between them. 

Apart from the terms, the spelling is again 
modified according to the person using it. The 
outside metal band of a wheel is written as tyre, 
tire, or tycr, the first being the most used, and 
various Americanisms, such as center for centre, 
traveling for travelling. Waggon is spelt with 
one ‘‘ g ” in the States, whicli form is^ in this 
country, perhaps the more common, for in the 
leading coa(;h -builders’ catalogues we see “ wag- 
onette,” and most van-builders write ‘wagon.” 


Fig. 36 is, again, merely a wooden bottom, with 
two sides and one end. This forms a delivery 
hand-cart for many trades 
The Master Car Builders’ Association of 
America has compiled a splendid illustrated 
dictionary which is an official vocabulary of 
terms used in building American rail and tram 
road cars. With its 149 large pages and close 
upon 5,000 detailed illustrations, occupying a 
further 374 pagtjs, it forms a monumental work. 
That ndtUi]^ has been overlooked may be 


Joints, Concealed and Otherwise. 

We have perhaps seen the illustration of a 
chair cut from a solid block of timber by a 
patient savage. This was his primitive method, 
arising from an ignorance of the manner of 
joining the various pieces of timber. The 
making of joints is the most important work the 
bodymaker effects with his tools. All the joints 
shown in 87 occur in the body of a double 
brougham. A key to the references in the 
illustration is as follows : 
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34 . CIRCULAR PATTERN SQUARE- FRONTED STATION BROUGHAM 





riiAiiliiT 

A* (ly Cant rail and (2) Front slAnding pillar 

B. Bottom boards 

C. (1) Hooputick and 12) Cant rail 

]J- (1) Ouaitnr puool and (2) Top back panel 

E. (1) Cant mil and (2) Corner pillar 

F. (1) Front Meat rail and 12) Huid atanding pillar 
O. (1) Front licht pillar and (2) I’ront fence iml 

with (3) Fillet uttaclied for top arch panel 



35 MILK PEUAMHULATOIl 

A. Method of tx'^U lun)^ the middle and hottoiu, side and fioui i uU 


II. (1) Hind standing pillai and (2) Elhow 

J. OlaMM fiaino 

K. (1) Hind Mtandiiig pillni* .uid (2) Shoit bottom side 

In road carriages, rail passenger cars, aiui 

public service vehicles, we build our body with 
the idea of hiding the joints as mueh as possible, 
in order that the interior and exterior neatness 
may l>e enhanced. Sueh a procedure necessarily 
calls forth much ingenuity on the part of the 
workman. He screws from the inside where 
possible, and must never show the end grain of 
oak pins in an outside mortise and tenon joint, 
because it will invariably show through the 
paint. Beads and mouldings are utilised to hide 
joints. In road and rail waggons, hand trucks, 
and barrows, it will be found that the body- 
maker is rather given, when making a mortise 
and tenon joint, to see that the tenon is brought 
through, and suitably carved and picked out with 
a fine lino. But this docs not apply to railway 
work; neither is the maker of railway a chicles 
ashamed of boltheads, for tliey arc often brought 
into greater relief by painting with 
stars or crosses. 

Different Types of Joints. 

ThemotHse and tetum is atj^pe of 
joint that is greatly used in 
tx>ttom framing of all types of vehicles. The 
main sides and summers in vans are tenoned 
into the earbreadtha. Likewise, the pillars are 
stump tenoned into the hind earbre^adths and 
main sides. The raves are mortised to the 
pillars. The standing pillars of a brougham are 
tenoned into the cant rail mortises. The short 
bottom side is sometimes tenoned into the hind 
standing piUar. The seat rail is tenoned into •c.ct 
the hind standing pillar, and the waist rail is «« 
stump tenoned into the door pillars. In a gig, 
the stanliope pillar is stump tenoned into the 
bottom side. Not only in body framing does 
this joint find favour, but it is to 1^ seen in under* 
carriage work, such as the tonguing and framing 
piece being mor^lied through the transom, the 
close futoliB^ |miigh the axle bed, and the 


back bar of a vat|'foio%irriage is on- 

Also, we must not toget that the spokes^ fixed 
thus into the stock, hub, or nave, and tangued 
into the felloes. Therefore, the young man does 
well to practise tliis joint during his apisrentioe* 
ship. 

Lap Joints. The /m'nMs simpler, 
and often more effective than its rival, the 
rnortwe and tenon. The term rival is used 
liecause the one is often substituted for the 
oth(T. Certainly, the lap or cheek allows 
for less scamping by the workmen, in a 
brougham the standing pillars arc lapped 
on to the rocker ; similarly, the corner 
pillar is secured to the cant rail, and the 
short bottom side is often lapped into the 
hind standing pillar. In the same vehicle 
the elhow is lapped from the outside into the 
hind standing pillar and to the corner pillar. 
All kinds of battens are usually lapped. 
We S''o n lap and tenon joint (omhined in 
framing the shaft or draw^ bur into the 
shafts Sometimes the hind earbreadth is 
lapped to the mam sides in whoelw righting. 
'J'he longitudinal bars and intermediates in 
a railway carriage bottom arc half lapped. 

Rabetting and Notching. These joints 
may he legarded as varieties of the lap joint. 
In the coach body loft, boot sides are rabetted 
into the front standing pillars, foot boards are 
rabetted into the brackets, and bottom bars and 
bottom Bides are similarly treated to receive the 
bottom boards. In fact, rabetting is a joint 
utilised in most vehicle floors. The top quarter 
panel of a brougham is rabetted into the hind 
standing pillar and elbow. 

Hoopstieks are notched into the cant rail, 
and in the nndercariiage the horn bar is often 
BO fixed over thi* framing piece 

A uplice is used in circular pattern broughams, 
preferably above the elhow in fixing the corner 
pillar to the short bottom side. The bracket 
and boot bottom side are similarly jointed, but 



OROCEB^S. FBUITEBEB’S, OR OILMAK’s HAND OABT 

often these are in one piece. In railroad vehicles, 
especially in the long types, the side members 
such as the cant rails (American equivalent 
pUae) and bottom sides, lure, for eoonomr# 
sake, jointed by a ship's, or, maybe, a paralbl 
8 |^. 
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Wc SCO af. the junctions of a top back and 
quarter panel and in top boot arch paiicla. 

The dovetail is sometimes used in fixinj? 
together driving boxes and in Ihe lixing of a 
circular fronted brougham, and in any instanee 
where a box is )>art of the fittings of a vehicle, 
such as an ice- well in a drag Imot or th<' ticket 
box on an omnibus. 

Panels are grooved into the surrounding 
framing, and boards are tongiu'd and groov»'d 
together, t>r “matched,” as it issonudimesterrmsl. 
The ht(U joint simply relies on the bolt or seiew 
for retaining the two pieces togetlier, (be oru* 
being merely laid on the other without pn‘para- 
tion after tlie stutT has been planed up. In van 
work the front earbreadth is often butteil on tlio 
summers, and the splinter bar l)utt(‘(l undei' 
neath the front bar. 

Two panels oi l cm 

butted edgeways before 
being covered with a 
moulding. 

Mi^ntion must also be 
made of the d(nvel joint, 
used in the felloes of a. 
wheel. 

Getting Out the 
Stuff. The patterns 
for marking out an^ 
made of mahogany, 
whitow'ood, or i)in(\ 

SouK' bodymak<?rs an' 
ullowxtl to choose their 
own timber and do 
their own marking out, 
but tlu! larger tlu' shop 
th(' less does tlie body* 
maker do in this de- 
jiartment. In curved 
j)iee('s or memhers lia v- 
ing an angle in them, 
it is advantageous to 
mark out on a })ieec of 
timber that in its 
growth has followed 
more or less tlui line of 
the piece in (piestion, so 
that we get the direc- 
tion of tlm grain pre- 
served during its length . 

This is compromised in 
the bending of timber by steam. Shakes and 
other faults in the timber must be avoided, and 
the marker out, having first decided the position 
from where his principal and largest pieces an* 
to be cut, can then more economically plan 
out his smaller bars and rails that are made of 
the same kind of timlau-. 

In marking the’^oor pillars, wc turn the out- 
side to the heart of the plank so that any 
tendency to bend 'hiay serve to preserve thc! 
spring of the doors. 

We must avoid waste, for timber is by no 
mieanB cheap, especially if it bt^ well sea.soned. 
So the experienced man lays his pattern on tlu^ 
ever-varying shapt^s and conditions of planks 
and boards, and shifts them so as to oceiqiy 
a position which will use up ihe timl)er to the 
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best advanUig<\ ahvays having due regard to 
the direction of th(' grain, and giving due allow- 
ance for di-essing uj). bevels, (de. 

Machinery. iVobably tlie reader, if he 
has seen a good many years of service, has bad 
the exj>erit‘iiee of gelling out tlu' stulf by liand. 
N«) doubt his first day with the framesaw is 
w<*ll remembered, and wlu'ii be s(‘es the rising 
generation having it all done in tlu' saw- 
mill he f<M‘ls that tlu'y will never mak(‘ gf»od 
workmen if tlu*y don't rough it as lu* has had 
to do. Kven as wo writi*, in the yt'jir IDiMi, 
then; are two of London's leading eoae]d)uikh‘rs 
whose machinery is practically eontined to th(^ 
typewrinas iti their olliees. This may be a 
matter of surj)ris(‘. yt‘t the work that is dom; 
IS of the best and can Ik* turned out, ((uiekly. 

()f eourst', the <jue^- 
tion of nuK'binery 
been <‘(»nsidi‘r(“il, but it. 
1ms lu'en a. sore ]>oin(. 
with (he ]>iec e men wlu'ii 
th(‘ n(‘ei‘ssary n^duetion 
in pri('es was suggested. 
If the iirm introduees 
inaeluncay lln'y will ex- 
pect the body maker to 
1 urn out bis bodies more 
elu'aply, so that, wlu’ri 
added to tlu* rnacldnist’s 
tiim* and a proper 
al)owarK*<* for maeliineiy 
cost and maintenance, 
tlu' ])rice at least, shall 
b(‘ tlu' same. 

Still, in shops like (hat 
at Wolverlon, wbert' tlu; 
London and Norlh- 
\V(‘st(‘rn build their 
stock, tlu* Stratford 
shops of the (beat. 
I^asti*rn Hailway, or in 
tlu' I'nilcd States, where 
one huge eoneern is 
capable of turning out 
in its ('om billed factories 
1 00,000 ears per annum, 
it would Ik) absurd to 
baggh* over the pros and 
eons of wu)odworking 
maebinery. Here one 
sees tiu' si*asoned timbers brought from thi; 
adjac*ent yard where; it is stored into the mill, 
where, by different stages, tlie stuff is saw'U, 
planed, and tbi(*kiui.ssetl, and all joints are cut 
ready for the framing to be asscrnhled. 

"J’he machines tluniscdves are arranged so 
that the work may be eondueiod smoothly. 
No delay is to be seen wliero the hard timbers, 
such as oak and ash, t;omo in at a certain door 
and are dealt with in progressive machines 
until they arrive at the; entrance to the body 
shop in tile shape of pillars and bars ready with 
mortise and tenon cut, rebates formed/^* etc;. 
The pine and soft woods have a sefmratc path 
of theii’ own, but wuth the same destination. 
It will be readily understood that a machine thjit 
slabs a log of oak into planks, while others out 
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it out into pillars with knives sharpened and set 
for the special purpose, cannot be conveniently 
arranged also to grapple with a deal, and conVerb 
it into floorboards, and tongue and groove them. 
So the larger the factory the greater the numbiir 
of different machines each doing its o^\'n 
special work. As all the patterns arc used in the 
saw mill, we should ex|)ect to see in a well-arranged 
shop the pattern-makers’ shop in tlie immediaW 
vicinity. 

Framing. For the use of either machinist 
or bodymaker, the stuff after having been cut to 
shape must be given a face side. From this true 
surface th(3 piece is squared and all bevels, etc., 
taken. Thei\ the position of the joints are 
.marked, which naturally demands a thorough 
mastering of the drawing. Tt is a trite saying, 

To cut once and measurf; t wice,” ratVier 
than the opposite expedient. Mortises and 
tenons should be gauged at the same iiint*. 
It is a good plan to saw outside the gauge marks 
on the tenon so as to ensure a tight fit, while it is 
good practice to cut the mortise a little <le(‘p, 
so as to make sure of the tenon coming well up 
to the shoulder. There is a great diversity of 
opinion as to the ways of framing. Attempts 
have been mode to standardise sizes of timbers, 
position and strength of ironwork and general 
dimensions, but as yet little attempt has btHai 
made to bring into line* of standardisation the 
joints to be used, their dimensions and fixing. 
Apart from this, the actual pr(>C(‘dure of fitting 
tog(3ther differs according to the man’vS training. 
The framing having b<?en fitted together and 
found accurate, it is taken ajiart and the more 
delicate work of boxing out, rebating, grooving, 
and beading is pro('ecd(;d with. The panels 
arc fitted, the hinges let in, and the crossbars 
framed in. In a landau wi; should weight the 
body and screw a strong stretcher across the 
pillars, so that we may fit the edge plate to the 
shapes of a fully loaded body, and consequently 
ensure properly shutting doors. 

Panelling. Tliough some of the panels 
have to bo put in Ix’forc finishing the framing, 
it may generally be considered as a following 


process. Nob oilly we often de^;e » wide 
panel board, but it is necessary that a good 
length of timber be available. Tram, ’bus and 
rail car bodies demand large panels, especially 
if there are few vertical mouldings which are 
useful to hide a join. It can be easily under- 
stood that the larger the panel the harder it is 
to get it free from blemishes. Panel board 
must be well seasoned, otherwise it will shrink 
in the grooves of the framework and let in the 
wet, for the white lead used in the Axing is not 
meant to allow for shrinkage. 

A well -fitting panel acts as a girder to the 
framew'ork. To the inside surface of a panel 
is glued a special canvas which has the effect 
of greatly strengthening the work, and keeping 
it in shapes. Tt is also blocked round the edges 
as well. This makes the job yet more rigid. 
Much of the panelling in the United States may 
be regarded as match boarding. A 36 ft. box oar 
whose depth of body is 8 ft. 6 in. does not lend 
itself to being panelled, and in America there is 
no great liking for mouldings on freight cars. 
The outside panel, or sheathing, of a passenger 
coach is also so treated. J^erhaps the vertical 
lines produced l)y the junction of the board 
tends to take off the longtli of the cars. 

In van work we si^e pantechnicons, refuse 
waggons, sling vans, and other largo types with 
marle-up panels, and, where an inside lining is 
used, wo usually find it so constructed. 

Ir. mott>r work we have steel, iron, and alumin- 
ium ustMl as pant'ls besides the all-steel rail cars 
used here and in the Unitt^d States. It will be 
understood that th(' motor bodies with curved cor- 
ners and deep sides take up a huge piece of sheet- 
ing when a larg(3 area is unbroken by mouldings. 
The fitting of the panels to Roi de Beiges bodies 
luus been relegated to the metal worker, and the 
large fijins, especially French houses, employ 
quite a number of these special workmen. The 
ixdurn swee]i moans careful hand hammering, 
while the single sweeq) may be bent to shape 
with less experienced hands. The larger tnc 
panel the more exi)ensive will be the repair 
bill in the event of damage. Wood panels built 
up in sections are now used in motor-car work. 
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of facility in working must be borne in mind 
with particular reference to the class of work 
it is desired to produce. If the work be of a 
plain, massive character, a stone that is less 
easy to work may be selected than in the ease of 
work full of elaborate moulded detail and perhaps 
carving. Hardness and resi.stanco to the cut ting 
tool are not the only points in consichTing 
facility in working, for we must study also the 
possibility of obtaining blocks of the .size required 
for the particular work, the soiindneas of the 
stone and freedom from flaws, vents, veins of 
hard material, etc. 

Colour and Appearance, For archi- 
tectural work the colour of the stc^no and the 
quality of the surface' texture it will exhibit 
is often a matter of great importance. The tex- 
ture will depend on the kind of tool used in 
dressing the stone and the manner in which it 
is employed, and this ncc<*ssarily depends upon 
the nature of the stone. But it is of great im- 
portance that these qualiti(is should he practically 
permanent, and it is ust^less to s(^lect a stone of 
the most delightful and appropriate colour only 
to find that the siirfacH^ is, within a few year.H, 
disintegrated. 

Weight. For certain purposes the weight 
of a stone is an important element in its selection. 
For foundation work a heavy stone is often 
desirable, especially if tlu^ building be liable to 
shock such as arises from the action of the sea; 
but for vaulting and similar positions, light- 
ness is a great desideratum if it can he 
combined with strength. 

Quarry Beds. The position in the quarry 
atlects many stono.s to a very great extent. 
Fig. 63 [page 531] gives a typical section of a 
Portland stone quarry, from which it will he 
seen that, quite af)art from the top layers of 
another eharaeter altogether, the Portland stone 
itself occurs in several well marked layers. Of 
these the Roach is the first bed that is of much 
use for building. It is marked by the presence 
of the shell known as the Portland screw [54, 
page 531], but though strong and heavy, 
this bed is useful only for plain work such as 
foundations, as tlu; surface cannot he brought 
to a fine face. Immediately below this occurs 
the very useful and valuable Whithedj which 
is obtainable in very deep large blocks if 
necessary, and can be finely worked. Below, 
again, is the Basehed or Bastard Roach — of 
little value for external work as it wimthers 
badly ; and finally the Basebed or Besthed, yielding 
what is for many purposes the best stone in 
the quarry, but it doe.s not weather as well as 
whit bed, and is more suit-ed for internal moulded 
and carved work. In other classes of stone the 
same difference between different beds may 
often bo noted, and it is therefore necessary 
with many kinds of stone to specify the bed as well 
as the quarry from which the stone is to be ob- 
tained, or to require that it should be quarried 
from those beds best suited to the work to be 
exeoot^. In large and important work it is 
I tb employ an experienced man to superin- 
tehdK the quaiTying, as-^notwithstaiulmg the 
difiililObd beti^een difbrent beds, 


the difference in appearance is oftep 
to detect after the stone has left tHe quany. 

Seasoning. Most stones contain a large 
amount of moisture termed quarry-sap, and 
the process of seasoning allows this to dry out ; 
this is particularly important with the softer 
stones, wlii(‘h, if exposed to frost before being 
seasoned, may become disintegrated through the 
sap freezing. This process must be a gradual one, 
and is, with some stones, accompanied by a hard- 
ening of the surface of the stone. 

Natural Bed. In the case of all stones 
that are stratified or laminated it is of great 
importance that they should be laid so that 
the natural bod — t.c., the lines of the strata 
m originally deposited — arc parallel to the 
horizontal bed joints in ordinary walling. So 
placed they arc capable of supporting greater 
loads than if these si rata were placed on edge ; 
they are also better able to resist the attacks of 
weather than when the strata are pbwed not 
only on edge but parallel with the face of the 
wail, as they are then particularly liable to 
attacks by rain and moisture and arc apt to flake 
off. In forming the voussoirs of arches, the 
natural bed should be ])laccd perpendicular to 
the face of the wall and at right angles to the 
line of thrust in (‘nch stone. In the ease of pro- 
jecting undercut cornices and strings the -natural 
bed should bo placed vertically and perpendicu- 
lar to the face of tlu‘ wall. In such situations, 
if placed horizontally, the projecting members 
would be liable to be attacked by the w'ealher 
and to flake off. In some stones the position 
of the natural bed is readily detected by the 
oyo, especially if the stone be wetted, but in 
many it is difficult to observe when the stono 
is removed from the quarry, and in some it can be 
ascertained only by actually working the stone 
with the chisel. The mason can det ect whether 
ho is working along or across the bed in some- 
what the same way as a carpenter can tell if 
ho is working with or across tho grain of 
timber. 

Examining and Testing Stone. If 

it bo desired to employ a local stone, of which 
little is known, for a building, much may be 
ascertained from a careful examination of tho 
stone and some simple tests ; but if a chemical 
analysis or test of the resistance to crushing l)e 
required, samples must bo submitted to experts 
in these matters. As a rule tho stronger, 
denser, and least porous stones of any class Will 
w'eather best unless there .should bo any element 
in the stone specially open to the attacks of 
acids in the atmosphere in which it is to stand. 

Newdy broken pieces of stone, if examined with 
a strong lens, should appear bright and clean, 
not dull and earthy. The amount of absorption 
may be readily tested by carefully weighing 
a piece of stone, soaking it in water for 24 Sours 
and again weighing, when the water absorbed 
is shown by the increase of weight. This should 
not exceed 1 per cent, for granite ; 8 to 10 per 
cent, for sandstones ; and 8 to 17 per cent, for 
limestones. A test to determine if there is 
easily dissolved earthy matter in the stone may 
be made by placing some smalit freshly made 
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chippings, which should he made from a moist 
stone, into a glass about one-third full of clear 
water ; after standing for at least half an hour, 
the glass and its coiilents are agitated. If the 
stone be well (xnnented the water remains clear, 
but if tlie specinu'ii contain loos(! uncemente<l 
material it becomes cloudy. 

The stone may also be soake<l for seveial 
days in a solution containing I }>er cent, of 
Buiphurie acid and of hydrochloric acid ; and it 
will be seen if there is a tendimcyfor these acids 
to attack the surfiice of tlie ston(i. A drop or 
two of the pure acid, if phnaxl on the stone, 
will produce efferver.cenee if there is present much 
carbonate of lime or carbonate of magnesia. 

Observation of Existing WorK. A 
practical method of judging the qualities of 
a stone is to observe any old buildings in the 
neighbourhood of the quarry that have been con- 
structed of the same material, or stones t hat have 
been cut and left in the quarry. It is necessary, 
when possible, to ascertain the bed that hoB lieeii 
used and an examination of the surface will 
show if the tool marks remain sharp or if the 
surface has perished. The stoolings of jambs and 
mullions, the throatings of cills, and the under 
side of overhanging mouldings, should be 
specially noticed, as they are the portions most 
liable to attack ; if these are found to be in good 


<*ondition consideuihlt* reliance may Ix^ placed 
in the stone. 

Masons' Tools. 'I'he mason must ho ahh*, 
not only to work stones, but, to soim^ I'Xleut 
at l<*ast, to set o»it work, and his applianet's 
inelude instruments to assist thest^ operations 

[129 131]. 

The mnson.s f<ffU(nr is of an L shap(‘, the arms 
unequal and making a true right angle. It is 
cut out of shc(d iron and made in dilTerent 
siz<!S and is used for testing the correetness 
of two faces requirtxl to be at right angles. He 
also uses -set- of iron, brass, or zine, 

usually formed with two angles of ir)'' and with 
the ctmtre {)p(Mi. The Orvfl consists of two 
shtHds of metal, each having a slot extending 
along the eentro and a thumh-serew by which 
they can be fixed at any angle. (Jompa^i.ses 
are also used, and are. often made of iron with 
sharply pointed ends and a thumb screw, which 
works against a (juadrant bar, so that the legs 
can he fixed at any angle. A beam with two 
compass points, whi(*h can be moved to and fro 
and fix<id where requin'd, and which are best made 
of bronze with steel points. It is used for curves 
of larger radius than can beset out with a compass. 
The beam may sometimes be required of great 
length, and it is then termed a trammel. Allthesct 
are used for setting out work on the actual stone, 
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and a eharp pointed style is required for marking 
outlines. A apirit level, similar to a bricklayer’s 
level, Is required in setting, stones, and sheets of 
zinc are necessary from which the templets or 
face moulds used in preparing blocks arc cut, and 
for which No. 0 gauge zinc is usually em- 
pl^cd. 

Bifforeni classes of stone are worked up by the 
mason by different sets of tools depending on 
the nature of the stone to be dealt with and 
the appearance intended to bo given to the sur- 
face. 

Cutting up Granites. Granites are 
usually qiiarried with the use of wedges for all 
sorts of building puiposes, but are blasted when 
rcsquircd for road metal ; they are split up into 
blocks of tho required size also by wedges. 
Tlie outline of the block is marked in all exposed 
faces, and a series of holes are drilled into it a 
few inches apart and penetrating only a short 
way. A long, very heavy chisel is used for this 
work, with a cutting edge, which is wider than 
tho handle so as to clear itself easily. This is 
termed a jumper, jind is used by raising it viir- 
tically over the bole to be cut, ancl letting 
it drop on the surface, which is gradually cut 
away. Into each of these holes, which arc 
disposed in straight lines on each face of the 
block, a pair of iron feathers is inserted; 
these consist of thin concavt*. pieces of iron, 
and a stool plug is placed between them; it 
is circular on plan and tapers towards one 
end. Water is usually poun'd over the stone, 
and the plugs are driven in till quito tight, and 
are then rapidly struck in succjessiou till the 
block splits off. Tho subsequent dressing of tho 
block is usually carried out at the (juarry, a 
plan which in the case of granite? has several 
advantages. Tho stone works more easily 
when first quarried. Machinery, wliich cannot 
be erected for any particular building, is aviiil- 
able at the quarry for saving labour; tliere is 
a considerable saving in tho cost of carriage 
if all tho superfluous stcue is removed. Tho 
chief drawback to this method with softcT stones 
is the liability to damage in transit, but granite 
is so hard that this is much reduced. 

Tools Used for Dressing Granites. 
Granite is sometimes saw n with a frame saw [180] 
into thin slabs, but tho process is very slow. 
In dressing tho stone, very heavy tools are used 
and considerable force is employed. The tools 
are swimg or lifted and the force of the blow 
is due to the weight, or momentum, of the tool, 
not to the use of any hammer or mallet. The 
acahbling hammer weighs about 221b., and is 
used for the rougher work of knocking off large 
lumps and reducing the blocks to approximately 
the required shape ; but, for certain classes of 
work, the expo8<^ face may be left from tho 
scabbling hammer and then presents a rough, 
bold appearance, which is described as hammer 
dressed. But all bedding surfaces must be reduced 
to a finer surface, and the pick is next used. 
This is also, in form, like a hammer with a pointed 
end, and weighs about 14 lb. A very much 
closer and more even character is given to the 
'^‘i^aoe sn w'orked, whiob ia described at picked 
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or close picked, if it be brought, to a still finer 
face. It may be afterwards worked with an axe 
weighing a^ut 91b. The marks of this tool 
show on the surface in parallel lines, and the 
surface is described as single axed; a more 
careful description of the work of the same 
class is termed fine axed. The finest surface 
left from a tool is termed patent axed, and the 
tool for producing it consists of several strips 
of steel, each with a cutting edge, which are bound 
together and fixed in a handle ; tho fineness 
and closeness of these irons vary for different 
classes of work, the number of cutting edges 
to the inch depending on the thickness of the 
strips of steel. 

Polished Granite. If granite is to I>e 
polished, the surface is brought to a fine face 
by the tool, and is then rubbed under an iron 
rubber with fine sand and water, subsequently 
with emery, and finally with putty and flannel. 
'Phis work can bo carried out by machines, 
except in tho case of stopped mouldings, which 
must be worked by band. The effect of polishing 
is to give brilliance to tho surface and to increase 
the. effectiveness of the I’ich colours which often 
occur in granites. For cylindrical work such 
as columns and balnstcTs very powerful lathes 
are used for reducing, dressing, and polishing tho 
stone. 

(iranito is used in building where its great 
weight and strengtli, its hardness and good 
weathering qualities, will be of sj>ecial service ; 
but these qualities are of more value to tho 
engineer than the architect, who rarely requires 
to avail himself of them fully. But it is much 
employed in architectural works of a large class 
for its fine monumental appearance, and in 
certain situations for the rich colouring which 
many varieties possess, especially when polished. 
For particulars of B(?veral kinds of granite see 
page 529. The weight of graniUiS varies from 
about IGO lb. up to 210 lb. ^ler cubic foot. 

True Bedding. It is of great importance 
in all classes of stone that the horizontal beds 
which receive the superincumbent load should 
lx? true, and lie wholly in a plane to secure an 
even Ix^aring ; but it requires good workmifn- 
sbip to secure this in large blocks, and essentially 
so in the case of granite. It is essential to secure 
this, otherwise, if the bed be worked hollow in , 
the centre, the outer portions only will revive 
the entire weight which the architect or ongin^r 
may have relied in his calculations on being 
distributed over the whole area, and, as a result, 
the safe load on those parts that actually receive 
the load may be exceeded, and fracture may take 
place. 

Tools for Cutting Up Freestones. 

For cutting up blocks of freestone a croM-csf 
saw may 1^ used for softer stones ; this consists of 
a plate of steel, the lower edge curved and pro- 
vided wiHi large teeth coarsely set ; a wooden 
, handle is fixed at each end, and it is worked hr 
two men, one standing on each side of the block 
to be cut. 

For harder stones, a ^ame eoHf [i8(ll},eomislipg 
of a strip of iron usually about 4 in. , bjr ^ 9ii,« 
wdthott^ any teeth, is employed; this.is filM 
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m a wood frame having two cikIh and a 
stretcher piece. The saw is fixed a< the lower 
extremity of the ends, the stn‘teber piece is 
placed near the top and adjusted with 
packing pieces, if necessary, and the upper 
extremities are held together by wrought-iron 
couplings, which can be tightened up by a 
union screw. A ]K)le is erected and fixed 
in position vertically over the block to 1 m^ 
sawn, and near the top a ])ullcy is secured by 
a chain. A cord is fixed to the frame of the 
saw, and passed over the ]>ull(‘y, and to the 
lower end of it a< second ])ulley is fixed. A 
second cord is passed over this pjjlky, one end 
of which is s<‘cured to the foot of tlic pole, and 
from the other a weight is suspended which will 
to a great extenl count erba.lan'*e the weight of 
the saw and frame, k'aving its el1eeliv<' weight at 
about 10 lb. 'riiis arrjiiigc'inent [131 J permits 
of the frame being drawn to and fro Avitlioul- 
ever escaping from the effect of the halancc 
weight. 

A small water tub stands on the block, 
the winter trickles from an o]M‘ning near the 
bottom over a drip on which tlic cutting sand is 
placed, and carries it into tlic cut ; the saw is 
drawn to and fro by hand, and tlie stone is slowly 
(;ut through by the action of th(^ saw-plate eoni- 
})ined with the sand and water ; but a good 
sawyer does not cut more than about 15 ft 
to 20 ft. sup(‘r. of Portland stone in a 
day of 10 hours. In regular stone- 
masons’ yards large frames are (employed 
worked by steam, in which scvctuI blad(‘s 
may be jixed at any suitabk^ intervals, 

HO that a block of stone may be cut 
11 ]) into any suitable number of slabs 
by a single })rocess ; and in some 
cases where a very large su]){tly of 
stone is refpiired, a circular saw 
formed of an iron plab‘, tlie (‘dge 
set with diamonds, has been <‘m- 
ployed with an immense economy 
of time. 

Splitting Freestones. 

Freestones are sometimes split 
> into blocks in a manner similar 
to that described for granite, 
but the holes are not jimpvd 
in granite, but ent in a 
wedge-shaped form with a 
punch. The wedges are of 
iron, and hav<^ a blunt 
point so as not to reach 
the bottom of the hole, 
and must be inserted 
and kept jierfoetly up- 
right. ’’Phey are gently 


from those used for granite. The stone is mort^ 
easily worked, and the force of the blow is not 
derived from the momentum of a heavy tool, 
but, witli a few' exco])tions, from blows struck 
w'ith a hammer or mallet. 

'^rbe ftarnmn' is of steel, weighs alunit 5 lb., and 
is used mainly for knocking off w^iste with a 
pnneh or 'intchitn/ 
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tapped with a heavy hammer till each has got a but the 
grip of the sides of its hole, and then a series of 
heavy blow'S are given 8ucce88iv’'ely to each 
wedge till the split takes placjc. Sometimes 
hard-wood wedges are driven into the holes, and 
then saturated with water, when the swelling of 
the wood suffices to split the stone. 

Tools for Dressing Freestones. Tlie 
tools used for dressing freestones are numerous, 
and for the most part different in character 


A smal](‘r 
hamuK'r, weighing 
3 lb. or 4 li)., is 
UHi‘d w'itli the cup- 
htNuled tools, csp(‘- 
ially in carving 
t((‘ring and simi- 
lar work. Thci 
tnnUil is of hard 
wood, and has a 
circular head, 
slightly tap(U’('d, and a. short handle, and is 
made of various sizes and w<‘ighls, and is used 
for striking tlu‘ cutting tools. A smaller 
mall(4, termed a. dunwn/, similar in form, hut 
made of had or zinc, and weighing 3 lb. or 
4 lb., is used with soft stom's. 

A s^KtUitui /a/ra/arr, weighing about 10 lb., is 
used with tlic harder freestones for knocking off 
waste in thecaH<‘ of largo lilocks ; but, as a rnl(‘, 
the paar//, W'itli a cutting edge about jin. wide, 
is used with the baimm'r for this ])urpos(‘. The 
'f)()hit is a similar tool, hut w ith a special llatteiied 
head for use with tlie mallet, which form of 
head is usually jaovided for all tools usi'd with 
a mallet. It is employt‘d aftia* the ]aineh, and is 
worked m voss the stone in regular lines, reducing 
it close to tli(‘ linisliod face, but leaving it in 
narrow ridges. 

('hiicls are of various hn’ms, but,exee{)t those 
used for soft stones, tiny have no wootlen 
Inindles. 3'liey an* made with a cutting edge 
from 5 in. to l.J in. wide, and tlu'Si* are ii.'^cd for 
mouldings, narrow' surfaces, and .sunk work. 
HoastcrM are of the same form, but have an edgci 
from 1 i in. to 3 in. wide, and are. used for diessing 
stone tosniooth faces, and for linisbing mouldings ; 
.'iiid tin; hrtHid fortl is similar ag.’iin, but has an 
edg<* about 4 in. wide, and is used for tnolhuj, 
which consists in working across a ]»lain surface 
with regular and parallel lin<,*s, which 
are left and give a distinct (diuraeter 
or texture to the stone surface. All 
these chisels are used with a malk't, 
but small cliisels wdth a hollow or 
eup-shapcxl end, t<*Tmed nplittn's^ ami 
^ used with a liammer for cairving and 
lettering and in working mai bles. 

The claw tool is made in various 
sizes. In form it is like a boaster, 
edge U provid'd with teeth which 


may be about J in. from {)oint to xioint for 
hard stones, and for soft stones from I in. 
to J in. This tool is used after the punch or 
point for dressing down snrhices to a finer 
finish. The pitching tool somewhat resembles 
a boaster in form, but it has not a cutting 
edge, but a thick, bevelled edge ; it is used 
with a hammer in the early stages of dressing 
a- stone, for knocking off or pitchimj the larger 
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irregularities and generall^^ for removing aU 
waste stone. 

For finishing soft freestones a drag is emp]o 3 ^ed. 
This is formed of a broad piece of sheet steel, 
the- edge of which has teeth cut upon it. Tliis 
tool is made in three different degrees of fineness, 
and termed coarse^ second, and fine drags. 

Methods of Lifting Stones. For many 
classes of masonry the stones arc larger and 
heavier than one man or even severid men 
can lift. For lifting and setting stones of mode- 
rate size a block and fall may often be rigged up 
on the ordinary scallolding ; for larger atom's a 
polo or standard may liave to be rigged up to 
hold it. In regular masons’ yards a gantry 
carrying a traveller is generally us(^d. By its 
means stone from any part of the yard may be 
lifted and deposited at any desired point [73, 
page 1173]. In setting masonry on important 
buildings it is now usual to employ n derrick on 
a lofty platform (71, page 1173], which not only 
serves to lift the materials from the road to the 
parts of the building where they are to be 
used, but may be used in setting blocks of large 
size. 

All stones requiring to be lifted must be pro- 
vided with some hook or other means of attach- 
ment to the lifting a})paratus, and as these are 
required only for temporary use, they are of such 
n, character that they can bo easily fixed and 
removed. A lein-s [129] is usually employed for 
this work. It consists of three iiioces of iron, each 
having an cyo at the upper end ; of these the 
centre one is uniform in w^idth but the outer ones 
arc each wedge-shaped on one side, so that 
when placed together they form a broad wedge 
of iron. The lewis is com[)let(^d by an iron loop 
and an iron pin. For use a wedge-shafx^d mortise, 
suited in size to the lewis to be us(*d, is cut in 
the stone as nearly as }X)ssible over its centre of 
gravity, so that Avlicn lifted it will not tend to 
turn over. The two side pieces of the lewis are 
placed in the mortice one after the other ; the 
straight centre piece, whose use is to separate 
them and force them against the sides of the 
mortice, is then inserted. When in position, the 
lot>p handle is adjusted and the pin passed 
through the eyes of the loop ; the stone may 
then bo lifted by means of the lewis, and swung 
into position. The lewis is easily removed by 
taking out the pin, and if the irons liave become 
wedged against the side, a blow with a hammer 
will drive the wedges downwards sufficiently to 
loosen them. 

A somewhat simpler form consists of a conical 
plug with an eye ; but as this is in a single 
piec^, the mouth of the conical mortise must be 
wide enough to admit the wider part of the plug, 
and, to make it of any use for lifting, a second 
parallel-sided iron plug must be inserted between 
the lewis and the stone to keep it pressed against 
the side of the mortise. This form is used for 
hard stones only, and principally for granite. 

A pair of chain lewises [129] is sometimes used. 
These consist of two curved irons, which fit 
into a wedge-shaped mortise ; the heads are 
ourv^ autwaids and fitted with rings through 
which idhaiu is passed ; when the chain is 
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strained tight for lifting, it tends to. draw the * 
heads together and thrust out the lower ends 
tight against the sides of the mortise, giving a 
firm grip. 

Nippers [129] are also formed with curved irons 
furnished with steel-pointed claws. They are 
held together by a pivot, and the upper ends have 
rings. For lifting, a chain is passed through 
these rings, and when strained, draws them 
together so that the claws securely grip the sides 
of the block. It is of great importance that 
those be adjusted, with reference to the centre of 
gravity, so that the stone, when lifted, will not 
revolve, but keep its bed even. When used for 
setting sl/ones, this must bo particularly attended 
to. 

The Process of Dressing Stones* 

In working up stones for their position in the 
building, which is termed dressing the stones, a 
rough block or a piece cut from such a block is 
selected ; it should be large enough to contain 
the required finished block, and to allow of its 
being cut from it without unnecessary labour and 
w'astc. The firet process for all ordinary work 
is to reduce one face to an absolutely true 
plane ; if the block has a sawn face this may 
probably be done without much labour, but if 
the surface is rough as received from the quarry, 
it will be more troublesome. 

Two straightedges are lequired of uniform 
width and four small blocks of hard wood of 
uniform height. Near each corner of the block 
a small piece of stone is worked off to form a bed 
in whicli these blocks are placed one at otich 
corner, and each of the two straightedges is 
supported on two blocks on opposiU) sides ; by 
honing them — that is, placing the eye level 
with the nearest rod and looking across to 
the further one. It is tlnm seen at onco whether 
the upper surfaces coincide exactly. If they 
do, the four pre]>ared surfaces are in one plane ; 
if they do not, one or more of them must bo 
further sunk until this result is secured. Caro 
must be taken to see that no part of the 
irregular stone face between the angles' is below 
the level of this plane. 

When the four angles are levelled, drafts , 
are worked across the face of the stone along 
the edges connecting them ; these drafts are 
narrow strips or bands which are worked olf^' 
before the general surfacio is dealt with, and 
they are carefully worked so as to lie exactly 
in the same plane as the angle pieces. After- 
wards, additional diagonal drafts are worked 
across at short intervals, and frequently tested 
with the straightedge during the operation. 
The surface is afterwards cleaned off and re- 
duced to the general level, and then forms a 
perfectly true plane surface if the work has been 
properly executed. From this bed one end or 
side is squared so as to form a right angle with 
the piano originally prepared, and the other sides 
are in turn worked so oa to be ^rpendicular 
to the upper face and at right angles with each 
other. The last face, which form^ the bottom 
of the stone, if it is required to be wrongh^ is 
marked all round with a gauge to the 
required thickness, and is ^en. dressed . 
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but ifct sometimes left rough and undressed if it is required than is given by the rock face, the 
is to be built into a wall. surface is carefully wrought into a series of ridges 

Various Styles of Finishing Sur- »nd sinkings known as rusticated tvork [A and 

faces. The manner in which the stone faces 132], or where they are so arranged as to 
are hnishod varies with tlio nature of the stono take somewhat the chanicter of the convolu- 

and the etfoct that it is desired to produce. It lions of a worm they arc termed vermicuMed 

must bo borne in mind that tlie appearance of [1> and E, 132]. In all these various styles of 

the stonework— wdiat is often di^seribed as the finish in which the centre of the stone is raised a 

texture — w ill vary according to theiool used, and drafted margin is employed, 

the manner in which it is used. With the hardcT Flat Surfaces. ►Stonc'H that arc to be finished 
forms of freestone, \inlcss (‘X])osed to exee))tion- without any raised face are nevertheless sus- 

ally severe conditions, the suiface of the stono ceptihle of difl’crorit trealineiit, but in this case 

wall remain just as the in.ason leaves it for many it is diu*, to tlu^ ditferent disposition of the tool 

years, and under favourable eonditions for many marks. For such work the foo/ is ofton used, 

centuri(is ; and in sueh cases it is worth while or, at least, a wide boaster, and a good deal of 

to take extra trouble to produce sueh a suidaco skill is jerpiircd to produce regular cand even 

as will enhance the appearance of the masonry. tording. Tlie surface may have tho tool marks 

With soft frcestone*s tiro surface cannot be relied lisposed irregularly over its surhuo, and is 

then termed random 
tooled [(i, 132], or they 
may be disposed in regu- 
lar broad lines one above 
another, forming sueces- 
sive bands I'ight maoss 
the stout' arid entirely 
covering its surface, and 
to this elass of work tho 
tiM’in tooled 111, 132] is 
ap[)lied. 'Plre tooling 
may also be worked so 
that the strokes art' 
diagonal in lines, and it 
is then termed stroked or 
droved work. Tn each of 
these styles the tooling 
may he continued up to 
th(‘ edges of the stone, or 
a margin may bo tooled 
all round tlie stone, 
forming a kind of central 
])anel. The marks of tho 
tool form a series of small 
ridges and furrows on 
the stonts and these may 
be. made finer or coarser 
according to the class of 
mattuial and the kind 
of effect desired. 'Vhe 
above work is suitable 
for external and internal 

roughly shaped with a spalling hammer. Such masonry, but tho bolder kinds are reserved 

a treatment is described as 7'ock faced [B, 132], usually for external work. Tn positions in which 

while the edge or margin w^hicli is worked off .stone is subject to any direct wearing action 

<0 the regular plane is known as a drafted which would tend to obliterate the tooling, 

margin, and is usually from I in. to 2 in. in it is useless to employ it, and for such positions 

width, depending on the size of the stone. as the exposed bices of landings, steps, and 

Another surface, somew hat less rough and suit- thresholds, the surface is usually nibbed after 

able for stones of smaller size and in a smaller having .been brought to a fairly tine face. The 

building, is known as punched rock-face. This nibbing is performed by another piece of freestone 

is formed with tJie punch, which is driven in a used with sand and water, and the face is ren- 

nearly vortical direction, forming small pits dorod quite smooth and all tool marks are 

between which tho stone is split off in flakes. obliterated. Sueh stones are described as having 

The point is used for forming a .series of de- a rubbed face [F, 132 and 133], Soft freestones 

prossions bctw'cen rougher ridges running diagon- are finished with tho drag, which is worked all 

ally*^ across the stono, and this is termed a over the surface, and reduces it to a level and 

broached face. Where a bold surface effect is smooth face but without any distinct tool marks ; 

wanted^ ftnd a somewhat more formal treatment such work is described as having a dragged fact. 

Continued 


on as ucmg .so perma- 
ncnl, and the marks 
of the tool will in time 
disappear, so that it is 
not usual to leave tluun 
visible on such stoiu's, 
hut they are worked 
with a drag or comb to 
a smooth face. 

Raised Surfaces. 
Tho surf a c o of the 
hard frcrstoncs may b(' 
varied (1) by using dif- 
ferent tools ; (2) by 

using the same tool 
differently. For largo 
blocks of stone forming 
a wall face it is not 
always necessary to re- 
duce the exposed face 
to a ])crfoelly smooth 
and levc'l plane ex- 
cept for a short Avidth 
all round tht' talgo of 
the stone, Avliich must 
l)(! dealt Avith so as to 
ensure tho true setting 
of the stones, but tin' 
centre part of the face 
may bi» left rough, 
not perhaps just as 
quarried, but morelv 
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A SHORT DICTIONARY OF MASONRY AND SLATING 

For roaiiy greiioral ternw see also Diotioiiarios of RtiLPiKO Constkuction (page 310) and of Brickwork (mgc 1054) 


ALABASTKR — A very fine grained 
form of gypsum. 

Apex Stone — The stone forming the 
top of a gable. 

Architrave — In columnar architec- 
ture, the stone resting directly on 
the columns. 

Architrave Mouldlngr— A group of 
mouldings running round an opening. 

Artificial Stone — A material manu- 
factured in imitation of stone. 

Ashlar — Masonry formed with care- 
fully squared stones In regular 
courses. 

Axe — A heavy tool with a chisel edge 
used in dressing granites. 


BACK — Of a slate, the upper surface 
when laid. 

Back-Jointed — A rebate formed on 
the edge of one stone to retieive the 
angle of another stone. 

Baluster — A short stone shaft turne«l 
and moulded. 

Balustrade — A row of balusters with 
continuous base and capping. 

Banker — The bench on which a mason 
prepares his work. 

Barrel Vault -A continuous vault, 
semicircular In section. 

Base Bod — The lowest course of build- 
ing stone in a Portland quarry. 

Bath Stone — An oolitic limestone 
largely quarried near Path. 

Battlements —An indented parapet, 
finishing a wall. 

Bed of a Slate-— The under-surfacc as 
laid. 

Bevel — A tool of brass or ircui for 
marking irregular angles. 

Block — A piece of unwrought stone as 
quarried. 

Block-in-course— -A class of masonry 
built with 8<iuarcd atom^s. 

Blocking Course — A course of Siiuared 
stones above a cornice. 

Boaster — A chisel whoso edge Is from 
to 3 in. broad. 

Boasting— Working a masonry sur- 
face with a boaster ; lu carving, cutting 
tlie stone ruuglily to the intended 
form. / 

Bond Stones — Stones which penetrate 
into the bucking of a wall to assist 
bonding. 

Boss — A projecting mass of stone at 
the Intersection of moulded ribs, 
usually carved. 

Broached .Face — One w’orked wltli 
diagonal furrows produced with a 
point. 

Broad Tool — A chisel about 4 iu. 
wide, used for tooling. 


CAIN 8TONC— A soft, white lime- 
stone imimrted from Normandy, 

Cantilever — A shaped bracket of stone 
or slate, of which one end is pinned 
into a wall. 

Carrara — A white Italian marble, used 
largely for chimney-pieces. 

Centre Nailed — In slating, fixing 
slates near their centre. 

Chalk— A calcareous earth sometimes 
hard enough for building. 

Chtlmark — An oolitic limestone found 
near Tlsbury. 

Chisel — A tool with a cutting edge 
from i to in. broad. 

Chiselled Work— A wrought surface 
left from the chisel. 

Claw Tool — One like a broad chisel 
with teeth on the edge. 

Cleavage Plane— The plane in which 
some rooks readily spilt. 

Countess Slates— Those whlcli mea- 
ttire 20 tw 10 In. 

Coursed^Built in regular hol^isontat 

Cowrie— A 'rotm^ tile covering 

^ the jmt oi two adjacent tUet in 
Qi tiling. 


Crab — A form of crane used to lift 
large stones. 

Cramp- -A mrlul l>ar let into two 
adjacent stones as a tic. 
Crenelattons — The openings in an 
embattled parapet. 

Cross-cut Saw - - A two-handled, 
tootlied steel saw for cutting soft 
stones. 

Cross Vault — One produced by (he 
intersection of two barrel vuiilts. 

Curb Stones — Those forming u con- 
tinuous edge, as in a path. 

Curtail Step— The lowest, step in a 
flight, witii tlie outer end formed as 
a scroll. 

DIAGONAL. RIB— One running be- 
tween the opposite angles of a 
rectangular vault. 

Dlapor-work — The cnri<“bment of a 
atone surface witli small geometrical 
designs. 

Dolomite— magnesian limestone in 
wiilch earixmute t>f magnesia and 
carbonate of lime occur in equal 
prop<»rtions. 

Dovetail Cramps — slate cramps cut 
to form tt double d(»vetuil. 

Dowel —A pin of slate or metal to 
secure one stone or piece of tiinl)cr 
to the stone below it. 

Draft — A strli* or margin on either side 
of an arris wrought with a eliisel. 

Drafted Margin— A draft running 
round all edges of a stone,. 

Drag — A broad steel wit b ji 

serrated edge for dressing soft stones. 

Dragged Face — A stone face linished 
with a drag. 

Dressed — A term denoting that a stone, 
has been fashioned for its place before 
fixing. 

DHd Stone — A projecting moulding 
above an opening to throw olf water. 

Droved A.shlap- -A Seotch ienn for 
chiselled or random -toolc«l asldar. 

Duchess Slates— Those measuring 
24 by 12 in. 

CAVeS COUR8E--Tbe lowest eoursc 
of slates or tiles in a roof with eaves. 

Embattled — A wall finished at the top 
with embrasures. 

Embrasure— A nt)lcli or sinking in tlie 
upper edge of a paraj)ct. 

FACE — Of a stone, the side exposed 
when built into a w'all. 

Face Mould— A pattern giving tlie 
f(»rni to wdiich a stone face is to la* 
w<»rkcd. 

Feathers--' Thin concave ])iccft.H of iron 
used in splitting granite. 

Flags— Tlilii stones used for paving, 
often laminated. 

Flint — Stones foriiicd of nearly pure 
silica found witli clialk. 

Flyers— Steps in a flight, the fronts of 
which are parallel. 

Formeret — The vaulting rii> tiiat forms 
the junction between a vault and tln^ 
arcade wall. 

Frame-saw — A large, toothless saw 
for cutting harder freestones. 

Freestone — Any stone capable of being 
readily tooled. 

QALLETINQ — Inserting small str)no 
cliips In broad mortar joints. 

Gargoyle — A stone water-shoot, often 
grotesqiiely carved. 

Gauge— in slated and tiled TCM>fs. the 
distance from the fall of one slate 
or tile to the tail of the next. 

Geometrical Stair— One formed 
with radiating steps round an open 
well-hole. , ^ 

Clkss Tiles — Pieces of glass cut to the 
form of tiles and laid iu a tiled roof 
to give light. 

Granite — An igneous rock composed 
of quartz mica and felspar. 


Grit Stone — A hard sandstone. 

Groin— The line formed by tlic Inter- 
section of two vaults at an angle. 

Groining Rib — A riii built to support 
the groin of a vault. 

Gypsum ~A soft stone formed of 
hydrated sulidiatc of lime. 

HAMMER DRE88ED— Stone th.it 
has been dressctl wit.li a bummer 
only. 

Heading -The vortlc.il sides ofastonc 
at right angles to tln^ faeo. 

Heading Joint — The jt»iiit between t he 
headings of adjac^ent stones. 

Head Nailing- Fixing a slate w’ith 
nails close to the bead. 

Head of a Slate— Tlie upper end as 
Ijilti. 

Hearting -The centra part of a wall 
between the facings. 

Hewn .Stone-- .stone brought to a 
required form with hammer and 
chisel. 

Hip-tile- .4 tile of special form used 
ill tiled roofs to form hii)s. 

Hood Moulding — Anotlior term for a 
dripstone. 

Hookstone -A stone whicli receives 
the luMtk or pin of a strap hinge, 
and is built into a wall or pier. 

INTERMEDIATE RIB-rOnc occur- 
ring between a ditigorial lib and tiie 
transverse or wall rib, ami springing 
from the shaft. 

Irreguliir Coursed Rubble— ilubble 
in whirl! the horizontal beds arc not 
continuous. 

JAMB8TONES ~Stone.s used in 
building tlie sides ol an opening. 

Joggle -A j(*int binned wiUi an 
irnlcntation in the surface <»r one 
st(tne to receive a projection on tin; 
atljoining stone. 

Jumper — A hnig iron chisel used for 
drilling iioles. 

KENTISH RAG A form of compact 
limestone siiitalde for rul>l»lc work. 

Kerb — curb. 

Key Course -Tlie course of stone.s 
forming tiic crown ot a Ixirrei 
vault. 

Key Stone— iiie stono forming tlio 
crown of an arch. 

Knapping -i’h(} process of spliftlng 
flints for walling. 

Kneeler -A .sipiare seating worked 
in eertiiin eoinng-stones in a raking 
parapet. 

LABEL OR LABEL MOULDING- 

See drijistonc. 

Lacing Courses -Bottdlng eon.'-sos of 
ashlar or l>ricK used iu flint walls. 

Ladies -Slates measuring 1*> l>y H in. 

Laminated Stones wliieh resulily 
split into thin l.iyers. 

Lap— 'ri»e extent to which tlie hi*ad 
(»f one slate or tile i.s covered by tlie 
tail of tin; next c!)urse but one, 
above it. 

Lewis — A form of iron wedge used for 
Uftktg heavy stones. 

Lierne Rib— A sljort cross-rib In a 
vault that does not spring from a 
shaft. 

Limestone — A general term for all 
stones of which the prlnciiml in- 
gredient is carbonate* of litno. 

Lintol — A horizontal beam of stone or 
timber, spamihig a door or window 
opening. 

MALLET — A tool w'ith ciridilar head 
of hard wood for striking cutting 
tools. 

Marble — Carbonate of lime in a crystal- 
line or semi-crystal tine form. 

Margin — ^Thai part of tlte back of a 
tUe that is exposed when laid. 
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Masonry — ^The art of forminn and 
iinitinfc atones to form walls and 
other structures. 

Millstone Grit — A very hard, coarse- 
grained sandstone. 

Monolith — A column or other object 
formed of a single stone. 

Mortice — A sinkinj? cut into a stone. 

NATURAL BED—The bed on whicli 
a stonf! wa.s originally deposited in 
formation. 

Newel- -A vortical column or i)i»"r 
placed at the angles of a tlighf of 
stairs or forfning the centre of a 
spiral stair. 

N1 ppers— A pair of iron claws used ft)r 
lining stones. 

Nosing — The salient edge of a step, 
often mouhied. 

OBELISK — A lofty pillar, square on 
plan, and diminishod towards the top. 
Onyx — A term applied to an Oriental 
alabaster, and to ciertain msrbles 
found in Algeria an<l Mexico. 
Oolites —The clas.s of limestone formed 
of minute egg-shaped grains. 

Open Newel Stair— One in which 
the steps arc built in at one end, and 
with no central newel. 

PANTILE. — One that Is not flat but 
undulating in form. 

Parian — A white marble, from the 
Greek Island of Pants. 

Patent Axe — An axe formed of several 
strips of steel, caeh with a eutting 
edge. 

Pentelic Marble- . \ white marble, 
from Mount Peutclicus in Greece. 
PlcJc — A heavy hammer-shaped tool 
with sharp ends. 

Pick-Paced — Work that has been 
dressed with a pick, or in freestones 
with a point. 

Pillar — A disengaged stone column 
generally irregular in plan. 

Pinnacle — A pointed termination at. 

the top of a buttress or gable. 
Pitching — The pntcess of knocking dff 
rough luniTts from a ttlock. 
Pltchings— Cubes of granite used for 
paving. 

Pitching Tool — Pesembles a chisel. 

but has a bcvolletl not a eutting edge. 
Plain Ashlar — Ashlar tlic surface of 
which has been rubbed. 

Plugs — Circular conical pieces of iron 
used witli in splitting granite ; 

also pieces of wood or lead let into 
stones for fixing joinery. 

Point — A tool with a narrow chisel 
edge used with a mallei. 

Polishing — A process by which .a 
smooth, glossy surf.aco is given to 
marbles and granites. 

Polygonal Rubble— A can f ully forme<l 
rubble wall withmit horizontal beds. 
Porphyry — An igneous rock of a red- 
dish colour found in Egypt ; 
generally any rock containing em- 
bedded crystals distinct from the 
main mass. 

Portland Stone— -An oolitic limestone 
largely quarried in the island of 
Portland. 

Princesses — Slates measuring 24 by 
14 in. 

Punch — tool with a narrow chisel 
edge used with a hammer. 

Punched ' Rock Face — A rough lace 
formed with a punch. 

Purbeck— A Bhelly marble found in 
Dorsetshire. 

QUARRY — A place from which any 
stone or slate is obtained. 

Quarry Sap — ^The moisture contained 
in all stones wJien quarried. 
Quarry-worked — Stone that is 

dressed at tlie quarry before delivery. 
Queens— Slates measuring 86 by 24 in. 

RADIATINQ OOINTS— Those wldch 
radiate trom a common centre. 
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Raglet — A groove cut in stonework to 
receive lead flaahings. 

Random Rubble-- lUibble masonry 
in which all joints are irregular. 

Random Tooled — Masonry in which 
the tool-marks are irregular in 
direction. 

Rib — A narrow arch below the surface 
of a vault to support or enricii it. 

Ridge-rib rib forming a division 
at the top of adjacent severcys. 

Ridge-tile — A tile of special form for 
covering the ridgo of a roof. 

Ripper — A tool used for cutting old 
nails in repairing slate r<iofs. 

Riser — The vertical frt)nt of a step. 

Roach— The topmost bed »)f Portland 
stone available for building. 

Roestone — An oolite, the grains of 
wliich arc of large ab.e. 

Rouge Royal — A reddish veined mar- 
ble, found in Fronce and Belgium. 

Rubbed Work— Plain work, tlic face 
rubbed down with freestone. 

Rubble— Mjvsonry built of rougli stone 
not reduced to a uniform size or 
carefully wrought. 

Rusticated Masonry - Masonry 
formed of large stones, the face left 
rough and with a drafted margin. 

Rustic Quoin — Quoins the edges of 
which are bevelled so that the face 
stands in front of the wall face. 


SADDLEBACK COPING— A coping, 
the top of which slopes in two direc- 
tions. 

Saddleback Joint — A joint u.sed on 
‘weathered surfaces to prevent water 
from soaking in. 

Sandstones— Those composeil of grains 
of sand cemented togc.t her. 

Sarklng Folt— Felt used for lining 
roofs. 

Scabbling — Consists in shaping blocks 
roughly by knocking off irregu- 
larities. 

Scabbling Hammer —A very heavy 
hammer used In granite work. 

Scribe— Incising tlieout line of a mould- 
ing with a sharp pointer. 

Sedimentary Rock— Stone that has 
been deposited by the action of 
wafer. 

Self-faced term applied to slate 
slab^ when used just as split. 

Serpentine -A soft, mottled, ricJdy- 
coloured stone, used for decorative, 
work. 

Setting — The process of fixing dressed 
stones in their position. 

Setts or Paving Setts— Sec pUchinoa. 

Severey — A compartment of a vault 
between tM'o luaiu ril)s. 

Sicilian Marble — A whitlsli-veintMl 
marble, largely used for lavatory 
t<ips. 

Sienna Marble — A rich clouded yellow 
marble found near Sleiimi, Italy. 

Slate -A sedimentary rock tlmt has 
been subjected to great pressure. 

Slating Battens — Strip.s of deal sawn 
to sizes, to which slates are nailed. 

Slurry — A mixture of stone dust and 
lime. 

Snecks — Small squared stones used in 
rubble work to square up irregular 
courses. 

Spalling Hammer— A hammer weigh- 
ing about 12 lb., used for knocking 
olf rough lumps. 

Spalls — Rough pieces knocked olf 
large blocks. 

Spandril — A space triangular in form ; 
tlio enclosing lines may be straight 
or curved. 

Spire — The termination of a tower, 
circular or polygonal, the sides con- 
verging to an apex. 

Splitters — Small chisels formed with 
a cup'shaped or hollow end. 

Spurstone— A Btoue,u8uaUy of granite, 
used to protect the lower part of 
gateways. 

Square — A right-angled tool made of 
iron plate. 


Stairs — A series of stone blocks so 
disposed as to give access from one 
level to another. 

Step — One of the blocks forming stairs. 

Stone-cutting— The art of hewing or 
dressing stones to definite shapes. 

Stone Tiles — Large slabs of laminated 
stones used as a roofing material. 

Stool ing — The bjise to receive a jamb 
or muTlion worked in the some block 
as the sill. 

Straight-edge— A rule whose two 
edges arc ]>ara11el. 

Stratified — A stone that has boon 
deposited in regular layers or strata. 

Stroked Work — Fiiiishcd like tooling, 
l»iit tO()l;mark8 are formed diagonally 

Summerstone— The lowest stone at 
the side of a gable which includes 
the first portion of the coping. 


TABLED JOINT — One in which part 
of the bed of one stone is let into the 
next course. 

Tacks — Strips of metal used to support 
new slates in repairing a roof. 

Tall — The lower end of a slate or tile. 

Templet — A block of stone placed in a 
wall or pier to receive the end of a 
girder or beam. {See aUo page 3 1 1.] 

Threshold — A block of stone forming 
a dooi’rtill flusli with the floor. 

Throat — A hollow groove under a 
projecting sill or coping. 

Thi’ough-stone — A bond stone pass- 
ing throiigli the whole thicknc.ss of a 
wall. 

Ticrceron — Sec intermedUUe rib. 

Tilting Fillet — A strip of wood used 
to raise tlic bottom or one edge of 
slates or tiles. 

Tlsbury Stone— See chihmrk. 

Tooling — Finishing a stone surface so 
that regular tool-marks are displayed. 

Torching— Pointing applied to the 
underside of slate or tile roofs. 

Tracery —Thu disposition of bars in an 
aroli or window so as to form geo- 
metrical designs. 

Trammel — A rod, or arrangement of 
rods, for describing large curves. 

Transverse Rib -The one in a vault 
that runs at right angles to its main 
a.\is. 

Trosid — The upper surface of a step. 


UNCOUR8ED RUBBLE — See ran- 

thin rubble. 


VALLEY TILE— A tile of special 
■ form used in tiled roofs to form 
valleys. 

Venetian Tile — A tile with raised 
edgt‘8 used with cover tiles. 
Verde-Anllque — A mottled green ser- 
pentine much used ior paving. 
Vermiculated Work — A form of 
rusticated work disposed in lines like 
the undulations of a worm. 
Viscountess Slates— Those which 
measure 18 by 10 in. 


WALL RIB— See formereA 

Water Table— A projection with a 
weathered surface, used in buttresses 
to throw off water. 

Weather Tiling — Vertical tiling hung 
on walls to protect them. 

Whltbed— The bed in a Portland stone 
quarry next below the roach. 

Willesden Paper— A specially pre- 
pared rot'proof material used under 
slating. 

Winder— A step in which the tread is 
wider at one end than the other. 


YORK STONE— A hard, lanunated 
sandstone, suited for steps, pavings, 
' and templates, largely quarried in 
Yorkshire. 

ZAX— The tooitrlih which slates are 
trimmed. 




Working the Derrick. When at / 
work, the rope is coiled on the f 
bull-wheel, taken 
over the crown ^ 
pulley, and the / A^\ 



y 

i i 
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~ ✓ / ' / / / ^ ^ / 


84t BOPS-BOBIKO BtO 


ojM'ncd at the top, the chip 
rupf MffUmtnt tubt\ or caly^c. 
A \m)ii>(lit-iron pipe, J^, in 
ftc^o^ved into and passis 
tliroii^jli the dividing 
block at its centre, and 
jn 0 hy means of screw 
joiilts, lengths of 
^ can 1)0 added so that 
I a line of pipe continues 
1 to the surface. The 

<iiameter of the cut- 
ting ring of the crown 
is larger than the 
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diameter of the boring piece. The operation 
consists in giving the crown a rotary motion, 
wliioh is conveytid to it through the line of 
pipe from an engine and glaring at the 
surface. 'I’hcs crown works on the rock below 
it, chi[>ping or wearing away the material 
in its ))iith. When th(^ rock is v(Ty hard, 
chilled shot and a special crown are used. 
Water is forced down the tube B during the 
operation to kee}) tlu^ crown cool, aucl tlu^ 
spaces between the ((*eth in the steel crown; it 
waslK's away the loose rock that is yj 
chipped or worn away, 'rhe current 
is very strong in the narrow annular 
channel between the sides of the bore- 
hole and the l)oring piece, a«id so 
all the fragnu'iits — both line and 
coarse —arc (uirricd up this well away 
from tlic scene of action, hut in the 
unobstructed part (jf the hole th(‘ 
coarser particles settle and collect in 
the settling tube (\ In this way tlui 
crown steadily works its way down, 
its rate of dcscc’iit, or feed, b<‘ing 
regulated by putting weights on tlui 
top of tlie pij)es, or rather, hollow' 
rods ; or if th(‘y bo already too 
heavy> by reducing the >v(‘ight by 
balancing. 

When the crown has des(?ended so 
far as to nujuire an addilional limgth 
of pilH', this is screwed 
in at the', surface, and 
operations restarted. 

When, however, it is dc- 
sired to withclraw the' 
core F and (uni)ty the 
sediment tube, the’ whole 
appliance has to be drawn 
to the surface', thc^ })ipes 
being nnserewed in huigtlis as long as possible, 
to save time and tiT)u[)le in screwing and un- 
scjrewing. Inside the crown tliere is a wtclgi - 
ving, which allows the core to pass upwards 
during the jirogress of the boring, but wliicdi 
jams wh(*n llui crown is pulled uj), and the core 
is not only broken olT, but also re- 
tained. At the surface the' core is taken 
out, marked, its depth recorded, and 
it is set aside for examination. Whieli- 
ever method of boring is adopted, thc^ 
operation is continued until definite 
information is obtained, unless some. , 
other cause nc'cessitates a cessation of ' 
wdk. 

Accidents. Borings, pc'reussive or : 
rotary, rarely proceed without acci- 
dents, and consequently the fishing and 
other implements [23, page 2606] are 
only too frequently brought into use. 

Lining Boreholes. Boreholes , 
generally require lining, w'hieh is done 
by driving down wi*ought-iron pipes, 
screwed together. The modes of • C 
making the joints are showTi in 37. : 

Ii;i most cases, they can be with- 
drawn when the borehole is no longer 
of use.* . Ii\the case of water, mineral 
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w^ater, boric acid, natural gas, brine, petroleum, 
workings, the* borehole a.ssumos a more or k'ss 
permanent character, as it is the only passage 
by which the mineral wealth can be brought to 
tlic surface, then the lining has to be very care- 
fully looked to. 

If the borehole require to be lined to any con- 
sulorable depth, it may be found necessaiy after 
a certain depth to icduce the size of the casing 
tube, and a second or more lines of' tubing may 
be put down, one inside the others. 

Withdrawing Tubes, When 
a borehole is abandoned an attempt 
is made to recover the tubing, and 
Trark(‘r‘s methoil of w ithdrawing the 
casing tubes from the boreholes is 
shown in 38. 

A pipe clamb is attached below 
the driving cajj and is slung from 
the lope by means of a chain. Tlic 
jacks [38) arc placed beneath the 
(lamb to start the tubes, which 
may then be drawn up. If, when the 
jacks arc out to full extent, it bo 
found impossibk' to raise* the tiibt's 
witii llu* hoisting niachiiu', another 
block of timber is added and the 
ja('ks again applied until a joint is 
reached. The top kuigth of tubes 
is dctachcil, and th(^ operations 
resumed as at tlu' commencement. 

Ikaing on a still larger 
scale will receive atten- 
tioii later. 

The value of boreholes 
for aseiTtaining the posi- 
tion, dip, strike, thk'k- 
ness, ('xlent, legularity, 
or oth(‘rw'ise, of iidi'posil, 
is incontostabh', and in 
gastous, liquid, and many bt'dded 
deposits, they may give a. v( ry good indication 
of the quality of the mineral. But too much 
importance must not b(^ placed on the indication 
of (piality given by lioreholes in irregular 
inim'raliscd deposits, such as veins, for instance, 
and this ])ieeaution is particularly necessary 
when only one borehole has b(;en driven. This 
will Ixi obvious when it is realised that a bore- 
hole is a mere speck compared with the area 
it penetrates ; for instance, a hole a foot in 
diameter in the area of an acre could only be 
proportionately represented on this page by a 
spot scarcely visible without a magnifying glass. 

Mining or Quarrying. Operations on 
a larger scale should be started only when suffi- 
cient information has been accumulated by the 
pr-'liminary invi'stigations fully to justify them. 

Boreholes, trenching, costeaning, 
dri vages, and other exploratory opera- 
tions enable the mining engineer to 
hirrn a judgment of the quality and 
quantity of useful mineral that may 
bo expected from any deposit that 
has been examined ; and from the 
price the mineral would fetch the 
approximate value for the deposit 
may be calculated. The supply of 
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fuel, of timber for mining pui^ses, of water 
for domestic, milling, and power reqiiiiements, 
suitability for electrical transmission of power, 
and transport facilities arc all points that liave to 
be taken into account. Then the price of labour 
and appliances for getting the mineral out of the 
ground enters into the question. The appliances 
and operations may be comparatively insignifi- 
cant in the case of a qiiairy, hut become a very 
considerable factor in the case 
of a mine. In addition to this 
initial cost, mining oi)erations 
will entail a constant and heavy 
expenditure. Again, useful 
minerals are frequently as,sociated 
with useless minerals, which can- 
not be separated in the mining 
operations ; and they not only 
add to the exjKmse of mining 
itself, but lead to an additional 
expenditure in plant and labour 
for effecting the subsequent 
separation. Hence, it is very 
important to include in an estima- 
tion of value not only the value 
as ascertained by testing, but 
also the exfXinditure that will bo 
necessary to render the paying mineral marktd- 
able. For instance, to start a eoal-mino l.tMK) ft. 
d<*ep on a basis that will prove romunia*ative 
demands an expenditure of £*2r)0,0(K) or more, 
and one of the deept*r-level gold-mines in the 
Transvaal would re(|uii’e an outlay of over a 
million sterling to install on a paying basis. 

Methods of Working. The stage has 
now been reached when it is lu'cessary to 
decide in what mamicr any de- 
posit that has proved of sufficient 
vahie shall be worked. The most 
simple and economical method 
eonsisieni with efficiency in ex- 
traction and the safety of tlie 
workers will naturally commend 
itself. In some crises there is 
no choice of method, as for 
instance, in brine w’olls and oil 
wells, which are worked by 
means of boreholes. Deposits 
beneath water, also, must be 
worked either by dredging or by 
dicing or diverting a nv(*r, unless 
the water ran be drained off or 
otherwise disposed of ; of cjourse, 
when a sufficient covering or roof 
inter V ones between the w'ater and 
the useftil deposit, the latter can 
be worked by ordinary mining 
methods. Round the coast of 
Great Britain there are many instances of th*" 
being done. 

The ordinary mining and quarrying operation® 
resolve themselves into two classes : open air 
toorla and underground works. The former 
have the advantage over the latter, that the 
whole of the useful mineral can be removed 
without timbering, without artificial ventilation. 
Without f^r of explosions, and without expense 
for lighting— at least, while there is daylight— • 


and with easier supervision ; but they are more 
liable to interniption from vagaries of climate 
than underground works. 

. Open Air Works. Gravel, chalk, clay, etc., 
pits, some ore \vorUing.s, qujwries. open-oast 
mining, streaming and biNicli washing, hydrau- 
lieing. dredging, are examples of open air work. 

Pits, Quarries, and Open ■ cast 
Mining. These t(‘rrns arc applied to mineral 
workings that are comlucfctl in 
the open air. Ihts ])articularly 
refer to opcM’atioris in soft and 
loose inat(*rial of a non-mctallic 
cliaractcT. Quarries nffer to 
workings in lianl, non-mctallic 
?naterial ; and op(*n-cust mining 
to workings for material to be 
ns(‘(l for the prodiietion of metal. 
In th(i last-nientioned c'ase fho 
niat(U’ial is not always soft but 
sornet lines is very hard. Then 
the sitn])l(i piekaxe and shovel 
luive to give way to drilling and 
blast ing. 

Shovel and Borrow 
Work, 'rile sinqileHt mode of 
extracting useful mineral from 
the ground is by shovelling it into a barrow 
or waggon andnluM'liiig it away; sometimes a 
pick, sometimes a crowbar, may als<» he called 
into reijuisition, but yet the proei‘ss remains 
quite simple. Gravt‘l ]>its, sand pits, chalk 
pits, brick pits, an* workisi in this way, and am 
familiar to most peojilc. 'riioro are few loeali- 
lies wlu'rt* works of this sort may not be 
eneounUTcd, and in many places round London 
~~n(‘ar Frith, for instance — very 
extensive exeavations of this de- 
scription may bo s('eii. The 
mateiial is easily broken away, 
and the cliicf preeaution that is 
nec(*ssary is to be careful as the 
(excavation det“pcris tliat too 
mu<th is not « ut away froni the 
lower part to as to (‘iidangf'i* tluj 
workers from a fall of the material 
above. 

Some ore deposits arc worked 
in an exactly similar way. At 
Almondsbury, in Gloueestershin*, 
and in carboniferous 1imeHton(‘> 
country, small (paint ities of lead 
ore are dug out of the ground, 
tilled directly into carts to ho 
taken .away. At Frodiiigliam.. in 
lancolnsliire, and olsowliere in 
that part of the e(mntrv, beds 
of iron ore of Ixiwer Lias ago ex- 
tend just below th(' surface over great areas ; for 
working them a long stretc h i.s expo8(*d by mcaas 
of a cutting forming a fact? which may l>e a mile 
long, a trannvay or oven a full gauge railway is 
laid down and trucks are brouglit right up to 
the face to be filled. Tho surface soil is first 
removed and put on one side to bo restored to 
tho surface after the iron ore is taken away, 
which is speedily done by picks and shovels, 
and as the face gets worlw back in this way, 
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the rails are advanced to 
keep up to it. This j)rac- 
tice is not restricted to 
this country, for in the 
Ural Mountain distrii t of 
Russia the writer has in- 
spected g o 1 d - 1) a r i n g 
gravel deposits worked in 
an exactly similar manner, 
while in America enor- 
mous iron ore th'posits of 
this class are being worked 
in this way, tlu^ extraction 
being expedited by the use 
of immense steam shovels. 

Digging Deeper. I'o 
work deposits deeper or 
harder than those just 
alluded to — for instance, 
those exc(a'ding .'10 or 
40 feet in d<‘pth or covcr<‘d 
hy a more cousi<leral)l(^ 
over-burden — tlie simple 
methods just described 
have to jjc amplilied. Then, 
to meet the increase<l 
thickness it may no longer 
he desirable to work from 
(uie lloor at one great 
wall, but to provide inter- 
mediate floors or benches 
and to remove deposit 
in stages, while to deal 
with the increased over- 



burden, provision has to 1)0 
made for its removal and 
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disposal. An example of tliis eondition is 
found also in tlie Janeolnshire ore field 
in the vicinity of the city of Lincoln. In 
this locality [39) the Northampton sands 
ironstone is overlaid by more than 30 ft. 
of Oolitic limestone, which lias to bo 
remov(^d in stages, and is thrown on 
the worked -out ground ; the ironstone 
beneath is then dug out in the usual wray 
and loaded into little tram waggons. 

As an example of working a haixl 
and comparatively narrow deposit, open- 
cast to some depth, one of the iron 
mine.s at Gellivaro, in Lapland, is. illus- 
trated [ 40 ]. In this case the deposit 
of ore has been entered from the outer 
end and gradually worked away, the difli- 
culties of height being overcome by 
the u.se of long ladders and temporary 
timlier staging. 
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Terraced Workings. Deposits of still 
greater thickness are workid away in senes of 
terraces or benches to provide severa 
faces to minimise the danger from 
to faeihtato the ojx‘iat ons of extractu 
floors are from 15 ft to JO ft or even 
depth, netording to circumstaneo's, 
upper woi king is kept sufhdcntly v 
of the next lower working to have 
room on the floor foi nun to excivato 
and for the accommodation ot the tiams, carts, 
or barrows 

There arc many workings of this kind on the 
Continent and elsewhere — the famous Rio 
Tin to mines for instance; and the writer recalls 
the 50 terraces of Eisenerz, in Styna, towering up 
above the valley , also the great open-cast work- 
ings at Gollivarc, in Lapland, and various mines in 
the north east of Russia in Europe In the latter 
locality the excavations have all the appearanco 
of some colossal amphitheatre with miles of 
roads running right lound at levels one above 
the other, but each connected by inclines with 
the one above and the one below, and where 
hundreds of bttle two wheeled carts drawn by 
little pontes are constantly moving, some 
taking stuff away from the working, some 
returning empty to be charged again, many 
driven by women and girls ; while hundreds of 
men and boys are engaged in digging out the 
ore and loading the carts. In activity the scene 
may veritably be compared to the appearance 
of a hive of bees. Fig. 41 shows one of the 


Fig 42 shows part of the woi kings on the 
famous Er/lxig, m Styna This is a mighty 
mass of iron ore computed at some 200,000,000 
ions, and is the largest dejiosit m the Austrian 
Empire The ten aces vaiy m height fiom 
.30 ft to 50 ft , tl*e whole t xtending some 2,000 ft 
m height Tin lowest U*rrace is over 2,700 ft 
above sea level and the highest about 4 700 ft 
The ore is won by dulling and blasting and is 
conveyed away by a bysU^m of imbnes and 
tram linos ovei 60 miks in extent I’he yearly 
output IS 1,000,000 tons and m the summer 
months 4,000 men are employed. 

Quarrying Plaster of Paris. The 
plastei of Pans quarries m the neighbourhood 
of the French capital furnish a very good"* 
example of this sort of working m soft material 
The beds are of Ohgocen'^' and Eocene age, and 
are open to a depth of 228 ft at Park Quarry, 
Romainville, The 60 ft above A [ 43 ], slid the 
46 ft A to B are in the Ohgocene, and consist 
of limestone, gieen clays, and white and blue 
marls Then follow 54 ft ot gypsum, also eon- i 
taming strontium, to C, 14 ft. of marls, to D, 
and anotlier 25 ft of gypsum The remaining beds, 
with 10 ft of gypsum and the rest marls, are bdow 
the level of the view. Every bed is utilned for 
some purpose or another , the gypsum is igied for 
making the plaster of Paris. The beds are worked 
m a succession of terraces, but when any of the 
lower beds are required m advance of the upper 
ones, undermronnd work is resorted to. Thestm* 
ing points amnit these quarriea are the absetioe o' 
maounery and the perfect tidiness that pre vaht t 
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Antiquity and History of Leather Manufacture. The Raw Material 

and its Treatment. Science in^ the Production of Leather 1 


By W. S. MURPHY 


the City shoeblack says, “ Clean yonr 
boots, sir ? ” ho too modestly descriU'S his 
art. The cleaning is a jireliruinary process only; 
his main duty is to make the hoots shine by the 
application of a paste or black oil. uhich, liesides 
adding to the lino appearance of our j>i'dal 
extremities, preserves the leather. (V)lliers, 
}>loughmen, and other workc'is who labour amid 
changing conditions of heat and cold, wet. and 
drought — the prudent among them, at least — 
grease their })oots. Prepared fat acts as a pre- 
servative of hides ; this is the primary basis of 
the leather industry. 

Mythological Origin. We do not know 
who liogan it. The following account, given 
in the form of a myth, is jirohably as true 
as any. When, in the depths of the primeval 
forest, the human hunters slow their rival 
beasts, it occurred to one of them to d(*ck 
himself with thcj skins in triumph. The fashion 
caught on, and all the hunters adopted the 
practice. But the trophies had a mysterious 
way of falling to pieces, breeding ugly vermin, 
and giving off offensive smell, turning the glory 
of the c!onquerors into vexation and shame. It 
seems that for a time the wearing of skins censed 
to be considered good form, but that some of the 
more notable chiefs invented for themselves 
fine-sounding names, descriptive of their (huHls, 
and so began heroic poetry. After a time, 
however, a man w^as horn wlio, having a line 
.sense of the futility of w'ords, sought out a mcuins 
of preserving the trophies, and discovered that 
the fat of the animal itself would preserve the 
skin. 

What is Leather ? All leather is pre- 
served skin. The skin of an animal is part 
of the living organism. When the condition 
we name death supervenes, the organism falls 
to pieces, changes its form and character one 
way or another, and assumes new shapes and 
modes of action. In general, it putrefies. I’hc 
cause of putrefaction is twofold. Within the 
living organism are small animals termed bacteria 
or bacilli. So long as the main stream of life is 
maintained, these minute creatures are kept 
subordinate to the general life ; but w'hen the 
vital energy declines, they begin to assert them- 
selves. and grow', feed, and multiply, on the 
neighbouring tissues. Hence spring the curious 
growths of putrefaction. The second caii.se i.s 
fermentation, which gives rise to the otTcn.sivo 
efftuvia. By the activity of the bacilli, certain 
gases in the hide composition are liberated, and 
: these are eagerly sucked up by the watery 
I vapours in the air. A humid atmosphere stimu- 
riates putrefaction. If, therefore, by some means 
the bejpilU could be killed, and the hides made 


im]>ervious to water, putrefaction would pi(‘- 
vented. Fat first, and smoke afterward.'^, wen^ 
found to amswer the purpose. 

Primitive Leather. Fatted hides and 
smoked .skins were llu* (‘iirliest forms of leather. 
Both preservatives wi'ie a(lopt**rl early. In that 
way were nuide tlu* shields of lloadicea and h(*r 
followers when tluy vainly strov(‘ to (urn the 
tide of the Homan invasion ; and the targe 
of Roderick Dim — 

“ Whose hray.en studs and tough bull hide, 
Had death so often daslud aside," 

The preservation of skins, however, was only 
the first step towards leather manuhujture. Fat 
is not a perfect cure, and smoke may l»c defeated 
by dampness. Some other agent had to Im 
found, and it was discovered in the acid secre- 
tions of certain trees and plants. 

Tanning is no modern industry. More tliari 
four thousand years ago there were tanneries in 
Egypt, and the" trade seems to havi*. h(*tai of such 
importance that the figure's of leather-dressers at 
w'ork were sculptured in marble on a monument, 
file fragments of wliieh arc to lie seen in the 
Berlin Museum. How many people have seen 
the dainty shoe of some Egyptian beauty, who 
lived three thousand ycais ago, in the British 
museum ? The tanner tigures in history at most 
unexpected places. PetcT lodged with “ one 
Simon, a tanner, at Joppa." William the 
Conipieroi* was the son of a tanner’s daughter, 
and when he lK?sieged Alenf;on, the townsmi'u 
hung raw liid(*s on the city walls, crying, Work 
for the tanner," afterwards to pay a fearful 
price for llu'ir mockery. And there w'erc tan- 
neries at Meudon, during the French Revo- 
lution, the products of w'hich wore the tanned 
skins of men. 

The British Leather Trade. For 

several eenturii'S the grow'th of the British 
leather trade was slow and quiet. Under the 
Saxon kings, one of England’s chief expoi ts w^ns 
raw' hide, the merchants going as far as Con.stan t i - 
noplo. Early in the fourteenth cent ury, however, 
the trade had so far grown that it took part in 
breaking down the monopoly of the nu^rchant 
guilds, and form(‘d thc^ Skinners’ (’ompany in 
1:127. In 1440, the Edinburgh Company of 
(^/ordiners was formed ; and in ITiHG, the tanners 
of that city formed a separate corporation, 
named the Skinners’ Company. The.se corpora- 
tions were not strong enough, however, to pre- 
vent Parliament from laying the leather trades 
under very sad and hampering burdens. Up 
till 1830 the leather trade w as under the suj^r- 
vision of the Excise Department, the tax l)eing 
at times as high as :ki. per pound of leather. 
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With Bitch reatrictive conditions, no trade could 
ftourish, and the real progrosa of the industry 
dates from the removal of the imposlB. 
M‘Culloch, in his “ Statistical Account of tho 
British Empire,” estimated that, in 1837, the 
total production of leather of all kinds in Great 
Britain amounted invfiluc to about live mil) ions 
sterling. The present import of hides 
alone amounts annually to over two millions in 
value. 

The Object of Tanning Leather. The 

aim of the leather manufacturer is to render 
the hides or skins of animals imputrescent, 
pliable, eapable of resisting elimatie change, 
strain, wear and b^ar, to 1h(‘ high'\st degree 
possible. As we shall see, be employs various 
agents for his purposes ; but the main processes 
are tanning and cunt/ing. 

Three classes of hides come to the ordinary 
tanning establihlimcnt — dried and suited hides 
from foreign eountrit^s, and fresh hides from 
home. The dried and salted hides are treated 
to bring them back, as n(*nrly as possible, 
to the fresh state, and fresh hides are washed 
free from dirt* and blood. The first manu- 
facturing process is depilalion, or unhairing, 
tho object of which is to clear off the hair 
and outer skin, or epidermis. This is done by 
a method called sweating, or by soaking the 
hides in pits of lime water till t he hair is loosened, 
when it is cleared ofT by a blunt knife. The 
under surface of the inner skin, which carries a 
layer of fatty substance, is cut away in a 
similar manner. By proce-iseH varying in degree 
of elaboration and efTeetiveness according to 
the class of hide, the pelts arc clean'd of lime. 

Next comes the tanning. There are several 
methods of tanning, and mo<lern ingenuity 
tends to multiply the number. The object of 
all, however, is to introduce a preservative agent 
into the very suhstance of the hide so as to 
de.stroy the putrefactive poivors. I’his is the root 
principle of oil tanning, alum tanning or tauing, 
chrome or mineral tanning, and oak -bark 
tanning. Formerly, tlio tannci-s of this country 
were confined to oak- hark as a tanning material. 
Recent chemical discoveries have vastly in- 
creased the sources of tanning agents. 

Having tanned tin* hides, or skins, the leather 
manufacturer’s business is to render his product 
as flexible and usi'ful as he can. Here', again, 
the methods vary ; but in general it may bo 
said that the introduction of unguents, or oils or 
fats, is the main object of currying or dressing. 
By these processes the fibres of the leather are 
coated with a lubricant, which is also preser- 
vative and of waterproofing quality. 

Varieties of Hides. Technically, hides 
are the skins of oxen, bulTaloe.s, horses, and 
all the larger animals ; skins aw* derived from 
sheep, goats, calves, dogs, rabbits, kids, and 
tho smaller quadrupeds. Tlie demands of other 
industriaUf and modem fashion have impelled 
the leather manufacturer ^ go far afield for 
his raw materials. Ci. tiers ask for thick 
lathers to clothe their buffing whe^, and 
the {^hij^pop^mus is hunted and strip]^ of 
bid thipk purse mannfocturere and 


upholsterers seek novelty to tickle the fancies of 
customers, and the lion, the crocodile, and tho 
alligator are killed and skinned to meet the 
demand ; belt-users ask ever heavier and 
stronger Wfs, and the wilds of the world are 
ransacked for animals with skins equal to tho 
purpos<'. 

The hide-store of a large tannery is frequently 
a zoological mu.seum of skins ; hides of tiger, lion, 
elk, bison, Ix^ar, alligator, rhinoceros, and zebra 
lie Ix'sidc those of bullocks, horses, and other 
tame cattle. They arc collected from the ends of 
the eartli to be preserved from inevitable decay, 
made useful and ornamental, and the art of tSe 
tanner dot's it. 

The Structure of the Hide. We 

wonder sometimes if many of the myriad 
wearers of hoot.s ever know the hidden nature of 
the leather they grind underfoot. Leather is 
not the obvious material most jicople imagine 
that it is. We look, mo.st of iis, upon the hairy 
coat of a bullock or a cow and imagine that we 
see the thing of which leather is made. It is a 
gross error, and does serious injustice to the 
leather manufacturer. Leather is to the hide 
what the kernel is to the nut. The thing wo 
see is a more husk without tho vital elements 
that give leather its toughness and durability. 

Th(* skins of all animals consist of two sets of’ 
layers — tho outer, or epidermis; the inner, called 
the donna, c\itis, curium, or skin proper. »Scien- 
tific expositors have a curious habit of using 
long words and involved sentences which, though 
easy to the students of science, appear mys- 
terious to the non-tochnieal inquirer. Wo do 
not propose to explore the mysteries of cellular 
stnioture or discuss the physiological and 
chemical eharaeteristics of animal tissues. Our 
duty is to explain, as definitely and clearly 
as po.s.sible, tlu' structure of the hides with 
which the leather manufacturer has to deal. 

The Epidermis. Look, first, at the 
epidermis. On the outer surface W'o find a 
ltty(‘r of scales, perforated with minute holes 
and hairs. This is the scarf-skin, and from 
it grow li air- sheaths, nails, horns, and hoofs. 
Underneath are the sweat glands and hair 
Imlba, embedded in a mucous layer com- 
pose! of living cells, deriving their nutriment 
from tho blood-vessels in the true skin throu^ 
a gauzy membrane called the hyalint or glassy 
layer. Clear away the epidermis, and you take 
off sweat glands, fat glands, and hair, and leave 
bai-e the true skin. 

The True SKin. Tho skin is far more 
compact in structure than the epidermis, and 
consists mainly of interlacing bundles of white 
fibre's, fine threads woven together and cemented 
by a gluey substance, now recognised as being 
iteelf tis.sue finely organised. Beneath skin 
lies the fatty tissue that connects it with tlij 
flesh, and this is the white surfaeo seen on, the 
inner sides of ail fresh skins. 

It must be clearly understood that these laym ^ 
are not separate, like sheets of paper* but; 
organicsaJly connected, palpitating with one life./ 
The hair, for example, though embedded in 
epidermis, has its toota in the true skim 
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question for tlie tanner, therefore, is how to get 
the kernel or true skin from between the organic 
layers on both sides of it. It may be said that 
the problem was solved ages ago ; but that is 
only partially true. Industrial operations are 
now carried on under conditionB*froin which the 
old rule-of-thumb workers would have shrunk 
aghast. Every hide brought into the tanyard 
must be accounted for and made into leather. 

Rule of Thumb. That was not so in 
the old days. If one hide, or a batch of 
hides, turned out badly, the occuiTcnce was 
referred to misfortune rather than fault. Tinu^ 
and material were both cheap, and leather 
manufacture was a handicraft deptuident partly 
on the skill of the craftsman and partly on 
the fluctuations of fortune. Such uncertainty 
is intolerable to 
the modern indus- 
trial worker ; to 
hold his own in 
the market ho 
needs to eliminate 
chance and acci- 
dent from his opera- 
tions and subject 
to his purposes 
the materials and 
instruments with 
which he labours. 

SoaKing and 
Softening. Hides 
and skins come to 
the tannery, as 
already stated, in 
three different con- 
d i t i o n s — salted, 
dried, or fresh. 

Fresh hides require 
to be washed clean 
from blood, lymph, and other matters, '^I'his 
should Ixj done as (piiekly as possible in clean, 
soft water, strcuigthened by a piTcentage of 
carbolic acid. Slovenly soaking, though it 
may seem to matter little at the moment, 
and may sometimes show no bad efl'cets, often 
produces results which render all suhse<pient 
processes worse tlian useless. Curious supersti- 
tions grow up in triidcs, and one of these is 
the notion among tann(*rs that a dirty soak 
helps the tanning. It may be that occasionally 
the soak becomes chemically identical with a 
weak tanning liquor ; but oven an accident .so 
economical doc^s not always prove happy. The 
safe rule is to let every process stand by 
itself and do its owm work and no more. ( lean 
hides are all that the soak is designed to 
produce, and the leather manufacturer will l)e 
wise to lie content therewith. 

Salted tildes. Foreign hides must be salted 
or dried to preserve them while passing from 
the distant scene of slaughter to the tannery. 
Salted hides have a wrinkled appearance and 
harsh texture, of which the tanner must get 
rid before starting to work. If not taken out at 
this stage, the winkles will remain till the end. 

A very simple and sensible method of ridding 
salted bides from salt and the effects of salt is 


to suspend them in a water pit, the watei* of 
which is changed every day. This seems so 
obvious, it looks like redundancy to enlarge 
upon it. But circumstances frequently hinder 
men from acting simply. When water is at 
a premium and land is dear, Mhen the Kiveis 
Pollution oftioers are on the alert and means 
of purification Hnd no room in the tannery, 
it is natural tliat other methods of taking 
the salt out of hides should Ikj aliejnpted, 
and carried through. Several chemicals hav(' 
been used for tlie purpose, but as these art' also 
used in the treatment of dried hides, their 
action will he deserilK'd under that head. Wlu*n 
water is scarce and rapid work is desired, a 
wash-wlieel may he used. A wash-wheel is any 
kind of perforated cylinder revolving in wattw 
with spokes fixed 
on a spindle iu 
the centre. The 
liides are put in 
the e-ylindo^* on the 
spokes, and as the 
wheel turns round 
they are tumbled 
about fn^ely in the 
water. 

Dried flideg. 

Dried hides re- 
quire treatment 
more drastic. As 
we saw', rigorous 
drying is a primi- 
tive method of pre- 
serving skins, and 
to undo the. work 
of the driers is 
soniotimes no easy 
task. The fibres 
cling, resist water, 
and obstinately preserve a wrinkled appearance. 
^Moreover, the hides may have been slightly 
putrefied before drying. Experienced tanners 
know exactly the various markets whence the 
hides arc supplied and how they have been 
prepared, andean act accordingly. But suppos(* 
that a l)cginner has to handle a dried hide, or a 
hide lias come from a new source of supply, 
what then ? 

The SoaK-pit. The prudent way is to 
proceed step by step. First sU'cp the hide 
in the ordinary soak pit [1] in pure wah'i*, 
and see what the efleet is in a day. If no 
appreciable effect be visible, or if putrefaction 
has sot in, a weak solution of caustic soda 
should be tried. This is generally efi'ective 
at a strength of one part to a thousand. Tin* 
caustic soda penetrates the libres, carrying 
the water with it, causing the hide to swell 
out to its natural state. The great merit 
of tliis solvent is that it does not harm 
the fibres of the skin, and acts as an anti- 
septic. Sodium sulphide has also been used 
with good effect, but this chemical hinders 
the succeeding process of unhairing by liming. 
Caustic soda is said by some authorities to 
have a similar effect, though in a less degree. 
Bui the slight additional expenditure of time 
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in the lime pits lA more than recompensed 
by the saving of hides *and the certainty of 
results which follow its use. 

Chemical Agents. Other chemical soak- 
ing solutions have been patented, and all have 
merits of their own. Each inventor, however, 
supplies to the purchaser ample directions for 
the use of his own patent. 

If a solution of cither caustic soda or sodium 
sulphide be used, a i)eriod of from twenty-four 
to forty-eight hours will suffice to soften even 
very stubborn hides. A short soaking in clean 
water afterwards adds to their freshness. As 
a rule, the hides arc now plump and ready 
for the imhairing, but some hides an^ specially 
difficult to soften. This hardness has to bo 
broken down. Ikiforc the ago of macihinery 
these obstinate hides were broken over the beam 
with a blunt knife. 

Lot us explain, for these terms will occur often. 
Tlie beam is a large block of wood, convex in 
front, like the trunk of a tree standing endwise 
on the iloor and sloped to an angle. 

On this the workman lays the hide, 
and with his blunt knife works the 
fibres on the beam, loosening them 
and breaking down the stiffness 
of the hide. Breaking over is the 
term applied to this action. 

•• BreaRing-over.** Break- 
ing-over by hand i.s very hard 
work and takes up precious 
time. Here w»us an opening for 
the machine-tool maker, and he 
was not long in seeing it. Some 
ingenious individual had seen 
the fulling stocks working in a 
textile factory, and decided to 
utilise them for the benefit of 
the hide breaker. As we use 
the fulling stocks for other pur- 
poses, a slight description of 
them may here be given, Tlie 
stocks are two huge wooden logs 
with flat heads like mallets. The 
heads rest on the bottom of a 
sloping trough, and the feet 
extend in an angular direction to a mc'chanical 
arrangement that lifts and drops the alter- 
nately. If a hide be laid on the end of the 
trougn, the mallet heads will come domi on it 
with a slanting blow that strikes and drags it at 
the same time. Propt»rly used, tlu'se stocks are 
very serviceable ; but they scarcely suit dry 
hides and tend rather to weaken the fibres at 
the very start. Few tanners now break hides 
in that way, and use either the water-drum or 
no machinery at all. Probably the chemist has 
the solution in his hands, and some claim that 
he has already obviated the need of mechanical 
breaking. ft*actical experience alone can 
guide us in a matter so undetermined. It 
will be observed at this point, and at many 
others yet to be noticed, that the leather 
industry has not been redu^ to a series of 
mechanical operations, and for the exer- 
cise of intelligence and ekiU.on the part of the 
workman. 


UtkhalHag or Depilation* When the 
hide has been cleaned and softened, it Is reac^ 
to be freed from the epidermis and hair [21. If 
by any means we can at the same time Bwell and 
split up the fibres of the skin for the tanner, 
he will be all the bettor pleased. 

Sweating. In the rude old times, tanners 
wei-e wont to lay the skins and hides in pilea 
l)etween heaps of manure till they had been 
thoi-oiighly sweated by the generate heat and 
the ammonia from the decomposing mass. 
Later, the dung heap was abandoned and arti- 
ficial heating resorted to, with the addition of 
salt to mitigate the effect of the putrefying 
agents ; but even this was abandoned for the 
sweat-pit, which, l)esidea being more sanitary, 
had the advantage of being more under control. 
Sweat-pits arc now almost unknown in England, 
but on the Continent they arc still used. Built of 
solid stone, the walls protected by mounds of 
earth all round, with lattice floor beneath which 
steam pipes for heating are set, the sweat-pit is 
divided into small compartments 
each capable of hanging fifty 
hides. Tlie hides arc hung up, 
the heating started, a spraying 
apparatus for reducing the heat 
geared to the rafters, and the 
whole hermetically closed. For a 
period varying between four and 
six days the sweating is kept 
going. Between the heat and 
the humid air fermentation 
works on the epidermis, putre- 
fying it. The vapours of am- 
monia freed by the decaying 
matters assiist in the process, till 
the hair and epidermis are 
ready to slough off. Sweating 
is open to several objections. 
Even with the most careful 
watching putrefaction is apt to 
attack the skin itself, causing 
weak grain or fibre. The hide 
l^ecomes flaccid and pale, needing 
very strong tanning liquor to 
restore its bloom. For heavy 
hides and strong sole leather, however, the 
sweating-pit has not been surpassed, retain: 
ing, as it does, all the strength of the skin, 
part of which is dissolved in the liquid processes 
of unhairing. 

The Lime-pits. In English tanneries 
almost the sole agent of imhairing is the lime-pit. 
Sunk into the floor, eleven feet deep, bottom^ 
and lined with pine boards, puddM with staff 
clay, and ranged in rows along the tanyard, the 
pits are filled with lime water. Lime water is 
composed of lime and water in the proportion of 
one and a quarter ounce to the cubic foot. 
As is well known, lime is chalk, or limestoiie, 
from which the carbon dioxide has b^n driven 
off by burning in a kiln. It comes to the taA« 
yard as lime shell, ready for slaking, or hydrating. 
This is best aooompiiahed by laying the linie 
shell in a small tank, wetting it all^ifer, 
after it has heated and crumbled* addingciidn^^ 
water to make it a fiim paste. a* 
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has to be hlled, reduce the required quantity of 
paste to a milky liquid in a tub, about four ounces 
to the cubic foot of water, fill the pit, and pour 
in the lime. The water will keep in solution 
the quantity of lime it can hold and let the rest 
fall to the bottom. Now put in the hides one 
by one, taking care to let the one bo covered 
with water before laying in the next, and so 
filling up the pit. When the hides have lain six 
hours, haul them out with the long hooks, 
plunge up the lime from the bottom, and set the 
hides again. This is repeated till the epidermis 
is thoroughly loosened. 

The Effect of Lime. The action of the 
lime is a solvent one. The scaly cells of the 
epidermis swell up and soften, tin* mucous 
hair tissues dissolve and loosen, and the bulbs 
break down. On the true skin llio elTect 
is wholly dilTerent and beneficial. The fibres 
soften and swell, the skin plumps out, the 
cement-like fibres dissolving into 
still finer fibrils, and tend to 
disappear. This action serves 
the tanner in two ways. Tlio 
plumping out of the skin makes 
it firmer and therefore easier 
to fiesh — that is, free from the 
inner coating of fatty tissue* and 
the flesh left by the butcher. 

By splitting up the fibres into 
individual fibrils, and so ex- 
posing a greater surface to the 
action of the tanning U<piors, it 
also asvsiata in the tanning pro- 
cess. For dressing leathers this 
is specially of advantage, because 
these, being tanned in sw(5et 
liquor.s, must have the cement 
tissues dissolved to attain flexi- 
bility. Sole-leather lx*ncfits in 
weight and solidity by the 
plumping out of the skin, though 
it is contended that the same 
result can be better obtained by 
full-bodied tanning liquors. Lime 
and fat combine to form a soap, 

, and if allow*ed full play the 
lime-pit will reduce the fat of 
the liide to an insoluble soap, 
rendering that element innoemous during the 
rest of the process of manufacture. 

Problems of Lime. There are many 
questions in regard to lime as a dehairing 
agent which experts have not yet decided. 
Such problems as the relative values of old 
and new' lime solutions, how often the pits 
should be renew'cd, and ibe action of the ammonia 
in old baths, are subjects to bo tackled success- 
fully and with understanding only after some 
practical experience. Different tanyards have 
various recipes for dehairing liquors, some using 
pure lime, others adding a small proportion of 
caustic soda to sharpen the action of the limp. 
Other chemicals, such as sodium sulphide, rod 
sulphide of arsenic, and alkaline carbonates, are 
employed as depilatories ; but the ordinary 
working tauyard seldom calls in those re- 
fined diemicals. The lime-pit affords a good 


tactical medium, which, with all its dr.uv- 
acks, has served the leather industry vc'iy 
well. 

Unhairing. After the hair has been loo.sened 
in the lime-pits, the hides are withdrawn 
and allow(*d to drain for about half an hour. 
Tlien the workman, taking a blunt knife, 
two-handled and of convex blade, sits down 
Indiind the .sloping beam with the hide laid 
upon it. Leaning over the hojid of the hoarn, 
the workman puslu's the hair downward, 
clearing it olT with groat facility, Kasy as 
it looks, the novice must not imagine that 
he can start unhairing right away. Then* is 
jin art in holding the knife so that it slides 
over all the inetfualities of the hide*, clearing 
the hair off tlu* thin parts a-s well as the 
thick, gripping the hlimt jnlgc of the knife on to 
tlie glassy coating of the true skin. The w'ork- 
man'sohject is to lay bare that smooth membrane, 
and tlui best way to attain an 
object is to concentrate the 
attention upon it. Let the knife 
set>k out the hyalitui under the 
epidermis, pushing away all inter- 
posing matters, {ind the hand will 
instinctively learn to give the 
force required to the knife. 

Fleshing. One side of the 
.skin is cleaned by imhairiiig (2], 
hut the other has to he treated 
also, if a leather is to l>o pro- 
ihieed. This side is covered here 
and there with patches of flc.sh, 
and all over by the fatty tissue 
that lies between skin and flesh. 
Th(5 removal of this is a delicate 
operation, requiring a sharp knife 
and fine skill [3]. The fle.shing 
knife is double hladcd, one side 
convex, the other troncave, held 
by two straight handles. As 
before, the hide? is laid on thc' 
round beam and the w'oi’kman 
runs his knife along the surface, 
clearing off the matter that 
obscur(‘s the true skin. Tlie 
right hand grasps the one handle 
palm downward, to give strength 
to the stroke, w'hilc the other handle lies in the 
p:ilm of the loft hand, directing the sweep and 
curve. A ni(;c hahinee is thus secured, and the 
long blade graduates to the finest line. It is 
delicate work ; the slightest slip, the least for- 
getfulness of the curve of the beam, and a cut 
goe.s deep into the hide. No forcing should he 
attempted. The tissue sliould come aw'ay e.asily 
wdth the blade, but at points w*hero Juird pro- 
tuberances oeeur, the blade must be kept flat to 
the surface of the hid(*, and cut steadily w'ith 
the convex edge. 

Mechanical Aids. For a long time it 
was thought impossible to devise a blade which 
would mechanically clear away the hair and 
flesh from a hide. The difficulties are real, 
and many tanners deny that the problem 
has been solved. Examine a hid(\ closely, and 
you will see that it isnot allof one thicknc.ss ; it 
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thiekenfl on the back, thins toward the loins, 
and shows minute variations all over, callosities 
developing over some of the bones. A straight 
blade such os you see in mechanical planers 
would ruin any nide. Some ingenious inventor, 
however, devised a spiral knife for the shearing 
of fine cloth surfaces, and the American machine- 
maker, whose eyes are on all the earth, seized on 
the idea and adapted it to the leather industry, 
(jlolh IS of uniform thickness and presents an 
even plane to the horizontal blade. The clever 
adapter, however, got over the difficulty by 
making an elastic bed for the hide as it passes 
under the knife. 

A Wide Range of Utility. One of the best 
of these machimis is called the “ Vaughan Semi- 
-cylinder.” This machine lias a roller covered 
with knives spirally disposed, set above a 
cylinder resembling a horizontal lx?am, the 
surface being only half the circumference. Half 
the hide is spread on the beam of the cylinder, 
the remaining half lying in the hollow ojicning, 
and the beam brings the hides under the swiftly 
revolving spiral blades. By the adjustment of 
the cylinder and the rubber pad on its surface, 
all the irregularities of the hide are safely 
negotiated, and the flesh or hair sloughed off. 
By reversing the cylinder the other half of the 
hide is brought under the knife. 

The adaptability of this form of machine to 
all sorts of purposes has not Iwum lost sight of. 
We shall see it again in a British guise when wo 
come to the hide -splitting section. A mere 
change of knives is sufficient to change the 
machine described from a fleshing to an un- 
hairing, scudding, or trimming mjichine. For 
dressing and fine leathers the machine has come 
greatly into favour, though the sole-leather 
manufacturer has not yet seen it to bo much to 
his advantage. 

Two reasons arc as.signcd for this. One is, 
that the labour involved in unhairing is so slight 
that the hand worker can almost keep time 
with the machine, and his work is better. The 
second is, that the pressure of the cutting 
machine takes the plumpness out of the leather 
and makes a rough surface with the knife. 
This conservatism, we arc aware, is only a 
passing phase ; but the objections are worthy 
of note as showing the qualities most desired by 
pood manufacturers of leather. Wo may take 
it as certain that those objectors have a keen 
devotion to their trade and seek excellence of 
product. 

Other Processes. Lime is the almost 
universal agent for unhairing in British tan- 


neries ; it serves on tine and coarse and on 
light and heavy leathers, for glove» dressings 
belting, harness, and sole leathers. 

But now the ingredients of the lime-pit 
separate, under the praotioe of the division of 
labour so characteristic of modem industry. 
Heavy leathers destined for soles of boots and 
shoes am frequently passed direct to the tan- 
pits, with, perhaps, a bath of water to wash 
the rough of the lime away ; but the newer and 
better practice is to subject them to dcliming, 
by means of acid liquors. Harness, strap butt, 
dressing, calf, and kip leathers are freed by 
bating from the lime, and otherwise softened ; 
while dog, kid, morocco, and light skins undergo 
Hie process called puering. Drenching is some- 
times made to serve as a substitute for either 
bating or piiering, but, as a rule, it follows as a 
linishing to both. 

Deliming. Pure lime sticks firmly to the 
hide, and, when combined with certain of the 
acids used in tanning, forms a hard, gritty sub- 
stance injurious to the leather. Even water, 
unless softened, converts the lime into chalk. 
The simplest method, often adopted, is to 
suspend the hides in a tank of water, to which 
small quantities of dilute sulphuric acid are 
added at intervals, till all the lime has boon 
neutralised. This requires extreme care, as 
the slightest excess effectually spoils the colour 
of the Icathex'. 

Another handy, and safer, dcliming agent for 
sole and heavy leathers is boracio, or boric, 
acid. Apply a solution cont aining 2 per cent, 
of boric acid to the hides, hang them in 
the pure water bath, and keep them in 
motidn to prevent spotting. In a short time 
the lime will have lx>en taken from tlio hide. 
Of course, this agent involves risk and trouble, 
but none of the proposed deliming chemicals 
seem to be free from one drawback or another. 
Acetic, formic, and lactic acids have all been used 
for deliming, and each has its merits. The 
method of apfdying these acids differs in no 
important respects from those already described ; 
but each one has its special dangers to be 
guarded against. 

Sole and heavy belt leathers require to be 
kept full and plump, and derive no advantage 
from being made flexible. The harder, stiffer, 
and heavier a sole leather can bo made, the 
better the shoemaker likes it. Higher, softer, 
sweeter qualities, however, are possessed by 
dressing, glove, and kid leathers. Tlie swelling 
of the water from the lime-pits must be got 
rid of, and in its place a soft flaccidity im- 
parted. 
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have seen through the rise and decline of 
Egyptian and Assyrian art that the ideal 
of the former was hierarchic dignity, and of (he 
latter the expression of strength, llie ideal that 
underlies the art manifestation of ancient Greece 
is classic beauty. Until alx)ut thirty years ago 
6ur knowledge of Greek art was practically 
confined to that great period of unique har- 
monious development which began about, six 
centuries before the Christian Era. But Schlie- 
mann's excavations on the site of ancient 
Troy, of Mycenae 
and Tiryns, dis- 
closed an earlier 
and more primitive 
civilisation, which 
has boon given 
the name of the 
Mycena3an age ; 
whilst within the 
last few years the 
research of Mr. 

Evans in the island 
of Crete has re- 
suited in the dis- 
covery of the 
palace of Minos at 
Knossos, by which 
the existence of an 
advanced state of 
art has been proved 
as far back as 2,000 
years B.c. 

The Great 
Palace of Minos, 

This gigantic palace 
•of Minos, the 
labyrinth, the home 
of the legendi^ 

Minotaur, of which 
five acres have 
already been 
brought to light, 
was built in 
several store 3 rB, and 
has a large number 
of courts, halls, and 
corridors, in plan not unlike the great palaces of 
Asfl^ia. The walls were paint^ with frescoes 
showing narrow^waistod, long-limbed figures. In 
the council chamber was a carved g 3 ^ 8 um throne, 
of quasi-Gothio appearance, surrounded by low 
benches, Ihere were elegant bath-rooms, store- 
rooms, stone staircases, and sanitary arrange- 
I m^ts ahead of anything that was devised till 
) quite recent times/' The wall painUngs, some 
) ^ ivhich are excellently preserved, show pro- 
oMioiis, bull ring scenery warriors and ladies 


seated in their courts, or looking out from their 
balconies, and also landscapes and seascapes. 
In sculpture, the Minoan or Cretan period 
produced some remarkable ivory statuettes, 
Ix'autifully modelled and of extraordinary frt'c- 
dom of action ; and painting and sculpture wert) 
combiii(;d in the coloured duro reliefs with 
which the walls were frequently decoraUid. 

Legend lias associated Dfcdalus, the first 
artist craftsman whose name has come down to 
us, with Minos, the King of Crete, and the 
examjiles of crafts- 
manship that have 
lieen found at 
Knossos prove that 
great skill and 
efticiency had been 
attained at this 

remote period in 
the prot^t/ice of the 
minor arts, such as 
goldsmith work, 
enamelling, cameo 
cutting, and j>ot- 
tery. Among the 
objects found at 
Knossos is a table 
of gold - plated 
ivory, set W'ith 
crystal plaques, 
which are ba(.^ktHl 
with silver and 

blue enamel, a real 

triumph of the 

craftsman’s skill. 
Everything points 
to the conclusion 
that the art of the 
Minoan period was 
the culminating 
point of a lengthy 
period of artistic 
development, and 
evidence has 
actually been found 
that the palace of 
Knossos was built 
over an earlier royal dwelling, which may date 
back as far as 3000 B.c. 

Five Troye Before Homer. On the 

a iosed site of Troy the excavations of 
iemann have brought to the light no less 
than six cities, one teneatli the other. The 
oldest of these belongs to the Stone Age ; among 
the remains of the second have been found 
numerous copper objects ; while the other four 
belong to the Bronze Age. The last of all, the 
Troy of the Iliad, has yielded painted vam»s, 
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hronze tool.s, and oth(‘r ol)jc;cts, which have a 
close rcHcmblance to the obj(‘ct.s found on 
the site of Mycena\ I’he whole period lia.s 
taken its name from this town, and is known as 
tiie Myccna?an ago, which extends from about 
‘ioOO to 1000 B.c. The so-called ('yclojx'an walls, 
er<'Ct<5d of mighty blocks of stone, piled up 
without cramj)ons, which have been found in 
Greece, SouiluTii Italy, and Asia Minor, belong 
to this epoch. 8uper])o.scd lintels were employed 
for the vaulting of entrance gaU'S and passages. 
Sometimes a heavy beam of stone form.s the top 
of the gate, with lintels above, leaving an open 
triangular space to relieve the presvsure. The 
famous Gate of Lions at Mycenae is the most 
important example of its kind [26]; it has its 
name from the relief carvings of two lions rest- 
ing on the beam on each side of a (column, with a 
capital that holds some suggestion of the later 
Doric order. 

^ Early Greek Art. Metals wore exten- 
sively used in the Mycenfcan age, and numerous 
gold ornaments, vases of gold and silver, with 
delicate ornamental designs, thin gold masks, 
decorated and inlaid bronze daggers, were found 
in the royal tombs. The ornamentation eor- 
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responds partly with that of 
the ancient Egyptians, and 
partly, especially in the use of 
spirals, with that of the Bronze 
Age in Northern Europe. 
About 1100 B.c. the Dorian 
invasion from tho north 
drove the Aclueans, or Mycen- 
icans, to the Aegean Islands 
and to Asia Minor, where they 
spread their civihsation among 
the Lydians and Phrygians, 
whilst Ot^ece itself relapsed 
into a state of semi -barbarism. 
Only in the seventh century 
B.c. the current of culture 
returned from East to West; 
and Greece experienced a 
period of artistic development 
and grand achievement such as has never since 
been eijualled in the history of the w’orld. 

The Greek Orders of Architecture. 
In architecture, tho artistic genius of the Greeks, 
ihoir sen.se of beauty and harmony and propor- 
tion, found the most perfect expression in the 
temple buildings. Here, the intention is no 
k>nger to impress tlu? mind by sheer bulk and 
size and mystic symbolism, but by harmonious 
articulation, perfect balance, and noble nim- 
plicity. The elements that give the Greek 
buildings their character are principally tho 
columns, the entablature, and the pediment — 
— that is, the triangular gable-field under the 
roof. The essential differences between the three 
Greek “ orders ” of architecture — tlu> Doric, tho 
Ionic, and tho Corinthian — arc illustrated in 
the diagram on page 2035. They mark the 
progress from tho severe Doric simplicity, where 
everything is conditioned by strict adherence to 
the law\s of construction, to the more graceful, 
elegant character of the Ionic style, which in tho 
Corinthian order becomes more playful and free, 
and less tied to strict rules, for which reason the 
Corinthian order has been found most adaptable 
for later developments of architectural style. 

In this short survey of the 
WT)rld’s art it is impossible to 
enter into the technical details 
of the orders,” and for the 
general reader it will be 
sufficient to bo acquainted with 
the essential characteristics of 
the tltrco types of columns. 
The Doric, with its jjcrfectly 
plain ca 2 )ital, which can be 
traced hack to an early 
prototype, is short 
(about five and a half times 
the length of the diameter 
at the base) and expressive of 
strength, the shaft being 
grooved and tapering upwards. 
The Ionic column has a capital 
in the shape of a volute, or 
scroll-like spiral, and is of 
slender shape (eight and a 
half to nine and a hiuf times the 
diameter), with narrower 
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grooves, which are separated by narrow strips, 
whilst in th<i Doric column the grooves meet in 
a sharp line. This Ionic form was introduced into 
(5}rt}^e from Asia IVIinor. The Corinthian column, 
finally, has a sliaftnot unlike the Ionic, and a cup- 
like capital, formed of acanthus or other leaves. 

Types of Temples. The plan of the 
Greek temples was very simple — of rectangular 
shape, with a gabled roof, an outer colonnade, 
a vestibule, and an inner chamber, or cclla. 
According to the arrangement of the exterior 
columns, the temples belong to one or other of 
the following classes — the in contis^ with only 
two columns at the entrance to the vestibule, 
and pilasters terminating the side walls ; the 
prostijle, with a row of four columns in front ; 
the amp^ii prostyle f arranged like the prostyle, 
but with a row of four columns added at the 
back ; the peripteral, with a row of columns sur- 
rounding the walls ; the di literal, with two rows 
of columns all round ; and the pmudo-di}yleral, 
with only the outer row of suiTounding columns 
(in arrangement like the peripteral, but with 
.the columns farther away from the w^alls). The 
building material was generally marble, w hich w^as 


in accordance with certain optic laws which 
affect the ap|)carance of long-extended straight 
lines to the human eye. These deviations from 
the straight were worked out with mathematical 
precision, and there can be little doubt that 
they help considerably towards producing that 
wonderful effect of linear harmony which is 
produced by all classic Greek buildings. 

Of the earlier period, when th(? I)f>ric onler 
predominated, the most interesting and charac- 
teristic remains are to be found, not in GnHHJc, 
but in Southern Italy and in Sicily, notably at 
Segesta, Agrigentum, and Psestum [29]. The 
Temple of 'riieseus and the Pai'thenon in Athens 
still follow tile Doric order, but in elegance of 
proportions almost vie w ith Jonic buildings. The 
Ereehtheion [27), the most beautiful building of 
the Acropolis [28], illustrates the perfect de- 
velopment of the Ionic style. The Corinthian 
style, finally, tallies with the decline of Gn*ek 
power, and was generally favoured at the time of 
Alexander. The Corinthian order played a 
leading part in Roman arehiteeturo and formed 
the basis for the later composite oixlcr. 

Continued 


decorated in polychrome* and 
with rich sculptural additions, 
notably in the pediment and 
on the frieze. 

Science in Art. The 

arch and the vault never 
occur in the architecture of 
the classic Greek period, but 
it is worthy of note that the 
linear straightness of line in the 
lamous buddings of the Peric- 
lean period is more apparent 
than real. It has, in fact, 
been proved by recent in- 
vestigation that all the lines— - 
not only the columns but the 
^ steps leading to the 
1 platform on which the temple 
ereoted — were gently, 
almost imperceptibly, carved. 
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THE FORMATION OF HABITS 

The Beginning; of Good Habits. Habit Grows from Desire. The Useless- 
ness of Mechanical Repetition. The Moral Tradition Formed by Habit 
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I N the eyes of many people tlio supreme genius 
of Aristotle lies in his discovery that virtue 
is habit. The systems of education adopted all 
over the civilised globe are supposed to Iw 
founded on this discovery. Since a virtuous 
people is the great object of every Stale, all 
cHiucation is naturally supposed to direct itself 
to the formation of virtuous habits. 

Of lat(} years the cry of th(^ technical educa- 
tionist has been so loud as to maki> people think 
that the sovran goal of education is the Lord 
Mayor’s coach, i’he State is supposed to have? 
no other object in view in educating its junior 
memlKU‘s than the manufacture of this human 
raw material into profitable assets. We are to 
make oursidves a skilled people, a cunning people, 
a rich people ; our object is to keep our nation 
the wealthiest and freest in the universe ; the 
ambition of every boy is the Mansion House. 

This view will pass away ; it is too stupid to 
survive the struggle for existence to whi(di all 
liuman ideas arc subjected. The only aim of edu- 
cation, the only possible goal of State training, is 
(^haracter. And when peopki see that character 
is not a far-off and, as it were, a spiritual ideal, 
but a palpable and practical result of habit, 
they will once more arrange their educational 
systems to compass this end. 

The Striving to Act, But even now 
much ignorance exists as to the meaning of 
the term “habit.” Jt is tliought that a child 
can 1)0 forced into good habit. s, as if an elephant 
eould be forced into a rabbit-hole. It is thought 
that a child with no desire to be clean can be 


forced into cleanliness by having the habit of 
washing made compulsory. All this is a heresy. 
The beginning of education is the will, and 
until the expression of a human being is towards 
good the force of habit in good things will avail 
nothing. 

Viituous habits are formcil, say all the 
cthicists, when natural desires arc guided to 
appropriate acts. “Our souls,” says Professor 
MacCunn, “grow to the modes in which they 
arc exercised. It is by striving to act that our 
desires come to a fuller, more persistent, and 
more definite development.” 


The whole point lies here — in the striving to 
act. Now, the re^tition of an act i.s a small 
thing. A si^rVant may polish a door-handle 
every day for twenty years and at the end of 
it luive no mental appetite for the task. A 
dipsomaniac may walk past his public-house 
every day for a m )ilth, and yet at the end 
of thiji^:Sheroic conduct find himself just as 
dcsico^'of alcohol os he was before. No ; the 
of an act is a secondary thing in 
What is essential, what is the pnme 


agent, is the repetition of the desire. “ If the 
strivings of desire be not induced, the moral 
habit will not lie formed, not even though W'c 
could eompid the whole physical side of the 
pt^rformance, including the most secret neural 
and inuseiilar movements.” 

The Habit of Thinking. It is, in 
this matter, “ the psychical side of outward 
jX'rforruanccs ” which counts. VVe hav’^e to 
create in ourselves the habit . of thinking 
properly. The desire for anything has to he 
rop(»ated, not so much the ixTformanec of it. 
To take an instance of what we mean : A man 
struggling to give uj) the habit of smoking 
cigarettes has not got to repeat the act of going 
without a eigandie after sueh and such a nu^al, 
but rather has he to repeat the desire not to 
w'ish for the cigarette at that period. A carnival 
always follows a fast. The last state of the 
man who denies himself, hut leaves his desires 
unprumxl, is worse than the firat. 

'I’he beginning of this matter is the bending 
of the inclination. If we want the good habit of 
rising early, we shall do little good by tumbling 
out of Ixxi with grumbles and complaints at the 
summons of a servant. But if wo repeat to our- 
selves the desire that wo wish to rise early, and at 
the servant’s summons rise from bed, combating 
mentally the desire still to lie there, we shall 
acquire the habit of early rising — that is to say, 
we shall come to regard early rising with pleasure. 

Guidance of the Will. Let it be 
remembered, above all things, that the funda- 
mental principle in the formation of habits 
is this guidance and direction of the will. 
Repetition of an act brings about at last a 
most useful effect. The act for which wo 
Avrestled, and came to grips with all our evil 
desires, becomes at length an act done without 
any apparent effort of eonseiousness. Wc do not 
think atx)iit it, we merely do it. Without 
praying, we perform ; without effort, w^o 
attain. The consciousness which has made so 
splendid a fight is released, and finds itself free 
to direct fresh energy into new channels. A 
virtuous man who has won the habit of virtue 
in dust and heat will no longer have to lay^ violent 
hands upon himself and struggle to prevent 
himself from vice ; he will be virtuous, as it 
were, unconsciously. But this docs not imply 
that any particular habit can ever become 
“ a mere thing of nerves and muscles,” Or 
“ w'holly a thing of physical automatism.” 
The facj is, says rrofessor MacCunn, “ that the 
pychical roots of the habit are not cut,’^only 
Duried. Let but the most automatic of habits, 
be inhibited, perhaps by outward interference, 
perhaps by inward temptation, the commotion 





of the soul that ensues is proof sufficient that 
the feelings and desires that lie hidden behind 
are abundantly alive.*’ 

Moral Tradition Formed by Habits. 

The happy phrase has been coined by the samo 
authority that in forming habits the individual 
is making “a moral tradition” for himself. We 
build our own psychical constitution, wc frame 
our own psychical magna charta. A habit, 
repeating itself without conscious clTort, estab- 
lishes in the mind a moral prestige, a spiritual 
tradition. 

This aspect of the subject is important from 
another point of view. It makes the individual 
careful in his choice of habits. He is an iinw'iso 
man who rushes after any particular habit 
without first inquiring how this habit accords 
with the general tone of his tradition. Every 
habit is a stone in the temple of character. 
We are at work, not on a “ crazy ” quilt, but 
on the building of a temple : our plana must 
be laid before we bring our materials and begin 
to build. The definite selection of habits 
tending in one perfectly well-aj>prohended 
direction is essential to the man who would 
build wisely. Every good habit is not necessary 
to a good character. Unity must be our aim. 

•There is always a danger that the habit 
cultivated with such noble effort may in the 
end produce only a narrow, and perhaps even 
an injurious, effect. For instance, if the man 
sensible of cowardice sets about making^ himself 
brave by walking through a dark wood at night, 
he may at the end of three months find himself 
walking there without oven a pa.ssing thought of 
anxiety. But if that samo man finds himself 
in a theatre during a fire it does not follow that 
he would remain calm and self -possessed. ’Fhere- 
fore, in forming a habit the individual is w'ise 
who keeps the general idea of that particular 
virtue in his mind, and seeks variety in his 
effort to habituate himself in its spirit. It is 
always the spirit of a liabit that should be our 
chief thought. The habit of early rising, for 
instance, is an absurd habit to cultivate if we 
do not feel the energetic and earnest spirit of 
the act in all our pursuits and occupations, A 
man wishes to rise early because the morning 
is the best time for work, and because he 
wants to push on and use his time to advantage. 
This is the psychical side of the habit of early 
rising, and the habit will grow pleasant and 
easy if the psychical repetition runs through the 
whole day in all that we set our hands to do. 
A person most jealous of his time is far more 
likely to rise easily in the early morning than one 
who merely rises at the sound of an alarum and 
during the day is now busy and now idle, now 
energetic and now a profligate of time. 

The Responsibility of Parents. The 

responsibility of parents in this matter cannot 
be, exaggerated. How many a ruined man 
looks back over the waste and ravage of his 
yeani to the time of his boyhood, exclaiming, 

lih, if my father had only got me into go<S 

“litia then!” Most parents are content to 
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say to their children, “ Pray to God to make 
you good, and try not to be naughty.” They 
do not teach them that virtue is habit ; they 
do not warn them that vice is habit. Nothing 
is done to make the child realise the fact of the 
battle in his own soul. No ; he is rather led to 
fancy that on one sidts of him is a (lotMl Some- 
thing called ftOfl, and on the other a Bad 
Something called Satan, and that his conduct 
depends very much on whicli of tliese two 
Somethings happens to be tlx^ stronger at any 
particular momimt. Ho is not mude to fijcl 
that he himself is Good and Evil, Heaven and 
Hell, God and Satan. He is never told that in 
the physical world there is no forgiveness of 
sin — never told that the real conflict is with his 
thoughts and not with his acts. Ho is never 
studied by liis parents to the end that his 
natural inclinations may he guided into appro- 
priate acts. No ; he grows up unseientiHcally. 
His goodness is an accident, his vice is necessi- 
tated by his training ; he can hardly be called 
re.sponsible. If a gardener employed with his 
flowers the metliods employed by the majority 
of parents with their children, the garden would 
soon revert to the wilderness. 

Influence of Social Heredity. It 
must be remembered, too, that heredity does 
not play in the formation of character so insistent 
a part as what lias been called ” social heredity ” 
— that is, the influence received from ounmviron- 
ment. We say of an untidy child of untidy 
parents, “He inherited his untidiness”; what 
we should say is, “ He learned it from his 
parents.” Not only is the plastic mind of the 
child influenced by its surroundings, but the 
mind of the grown man, too. That is why, 
associating with our fellows, w'e should be careful 
to select only those whose infliu^nce is appropriate 
to our end in view. Bad company is bad for 
us, however good we be ; empty and fonlish 
conversation is bad for us, however clover wo 
be. ” Go with mean ]w>ople,” says Emerson, 
“and you think life is mean.” No man can 
alfogetlier (escape the influence of Jiis friend, 
no man can altogether (^s(‘ape th(5 influenco of 
his environment. If we would cultivate habit 
seriously, and with a unity of character in view, 
wc must take as much pains with the smallest 
details of our lives as the gardener takes with 
his flowers or the stock-breeder with bis animals. 

The repetition of a good thought is far moro 
important than the repetition of a good act. The 
reading of good literature, a rigorous opposition 
to trashy literature ; the listening to good con- 
versation, a decided refusal to hear stupid 
conversation ; an earnest attention to things 
that count, and a rigorous neglect of things that 
do not count ; all these are powerful agents 
in roaring a sane and healthy wull. The mind 
has to bo watched for fatigue, and refreshment 
has to be offered it ; but in our selection of 
recreations we should be as careful to choose 
wisely as wo are in our moro serious studies. 
The will can be educated, and if we b^gin with 
that, there will be but little difficulty in acquiring 
any habit wo desire. 
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THE MELTING OF METALS 

Various Types of Furnaces ; Their Construction 
and Working^. Ladles used in Foundry Practice 
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Metal Melting. "I’ho melting of metals 
and alloys for foundry use must not be eon- 
founded with the reduction of metals from 
their ores, with which the. founder is not eon- 
cernod, with the (‘xecption of sti‘el made by 
the open luMirth proci^ss, which is redue(‘d and 
poured at once. Kven with this, howevta*, 
scrap steel is generally reinelted. Another slight 
exception occurs in the sueeessful easting r)f 
tunnel linings, segments, etc., direct from tlie 
blast furnace. But it remains true substantially 
that all foundry moulds are poured from metal 
or alloy that has Iw'en remelted for the purpose, 
and frequently more than once. Only by doing 
so can homogeneity be assured, and grading of 
different qualities be obtained. 

The foundry furnaces used for renielling art* 
divisible under five main lieads — the ciijujla, 
the crucible, the reverheratoiy, the eonverler, 
and the ojxm liearth, though the last-named, as 
already remarked, is also an ore-reducing 
furnace. 

The Cupola Furnace. This is used 
almost exclusively by the iroiifounder, the 
Bessemer cupola exceptx'd. The fu(‘l — hard 
coke — and pig or scrap are intermingled in 
successive layers, and the molten metal drops 
down thrcpigh the fuel and accumulates on the 
bed, whence it is tapped in such quantities as 
are required. The furnace fll5 and 116] is 
tall, and the coke and metal, with limestone 
flux for removing earthy matter, are thrown in 
through the charging door. A strong nir-bhist 
is necessary to product* the inten.sity of heat to 
melt the iron. 1’here arc 
different ways of directing 
this into the furnace. 

Hornet imes it is done by 
encircling the /one of 
greatest fusion with a 
belt, through and from 
which the blast is dis- 
tributed tlirough a num- 
Iwr of tuyere holes, as in 
116, and this is. the Ixitter 
plan. The other is to have 
two or three bent tuyt^rc 
pipes arranged equidis- 
tantly around the zone, 
os in 116, T being one of 
tlio tuyere lioles. The 
metal is either tapped 
^rectly into a ladle for 
pouring, or into an in ter - 
mediatei^ceiver aa iu 116. 

D^ffereni grades of • aetal 
(ill be melted at the 
titoe by taking ad- 

the separation 115. common 
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iig of metals effected by the alternate laycr.s of coke and 
not be eon- iron charged. 

metals from Economy in Working. Economy in 
*r is not eon- the consumption of coke used in melting is 

[‘cl made by ensured by the observance of a number of 

rcdue(*d and conditions. A short melting is inevitably 

lis, howevta’, wasteful, lienee a blow of from four to six 

Another slight hours is better than one of tw'O or three 

Lil easting rif hours. In many foundries the cupolovs are 

f*ct from tlie m(*lting from soon after breakfast up till five 

substantially or six o clock. Large cupolas and large volumes 
(1 from metal of metal are better than the opposite conditions. 

• the purpose, (Jood coke is most important; so is an ample 

Inly by doing volume of blast. Other conditions arc a good 

id grading of height of furnace, a deep hod-charge, careful 

charging, frequent slagging, and melting hot. 
renielling an* The furnace is built of sh(*et iron lined with 
—the ciijMjla, firebrick, and daubed with sand around the 

he eonverler, lower areas. One of the best modern cupolas 

ast-named, as is the I’hwaites, illustrated in 116. There are 

orc-reducing eight or h'n successful types, but 

space will not permit of their 
description. 

The Crucible Furnace. 

This is the furnace mostly used 
by the brassfounder — in fact, in 
most shops it is the only ty|x». 
adopUnl. Tt is also used for 
melting aluminium and a large 
propoTtion of the steel employed 
for casting. Although a single 
crueihle seldom holds more than 
a hundredweight of 
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alloy, and mu.st carry 
rather less than that, yet 
castinji^ of almost any 
dimensions are made 
from thorn by pouring: 
the contents of a num- 
ber of crucibles into 
the mould. This 
never been done any- 
where on so large a 
scale as at Krupp’s, 
at Essen, where for 
many years nothing 
but crucibles were used 
for casting the biggest 
guns. The story ha.s 
often been told of the 
hundreds of crucibles 
of metal all in readi- 
ness for the word of 
command, when they 
were poured out by 
the men with military < 
precision. But ii | 
^gland the convertei^ 
or open-hearth famace 





: ill used for heavy casta in steel, and the 
reverberatory furnace for those in brass and 
bronze alloys. 

In most brass foundries a l)attery of furnaces 
is built [117], numbering from three or four to 
a dozen, and it is not infreq:i|£nt for the contents 
■ of several to Ix) requisitioned for one cast. But 
for the most part 
brasswork is light, 
and often, tbcreffjrc, 
several moulds can 
be poured from one 
crucible. 

Cupola and 
Crucible Melting. 

, The reasons 
why iron is chubcino 
melted in a *> 00 ^ 
cupola, i II 
contact with 
the fuel; and 
brass alloys, 
aluminium, 
and steel in 
crucibles, are 
as follows: 

Iron is much 
cheaper than 
the copper 
alloys and 
steel, and 
therefore a 
little waste is 
not of mucli 
impoitance. ft 
is also gener- 
ally required 
in larger quan- 
tities. But 
the principal 
reason is that 
iron is not in- 
jured by con- 
tact with the 
fuel, while the 
composition of 
the brasses 
and steels 
w^ould bo. It 
is difficult to 
maintain tlie 
purity of the 
Wo last named, 
the brasses be- 
cause of the 
tendency of the 
metals having 
the lowest 
melting points, 
tin or zinc, 
to liquate, or 
volatilise, and 
BO separate from the copper ; the steels, because 
' they depend for their qualities on the main- 
manee of exact and very minute proportions 
\ carbon and other elements. It would there- 
jke. be impossible to maintain the compositions 
.i6f tbe brasses and bronzes^ or. of the grade 
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of any steel, if either were melted in contact 
with the fuel as iron is^ 

Crucible furnaces fll7] arc built solidly of 
brick in the foundry Hoor, or they are of sheet 
iron or cast iron, brick-lined, and portable. 
The first are more suitabk* for tlu? larger foundries, 
the second are often preferred iu the smaller 
ones. There arc 
very many varia- 
tions in design, each 
of which may pos- 
sess some slight ad- 
vantage in some! 
respect over others. 

A small battery 
of thcordinary brick- 
biiilt- furnaces is 
shown in 117. It 
will bo sei'n that 
each furnace can 
receive but one 
crucible, which rests 
upon and is sur- 
rounded with coke, 
and covered with 
an iron plate and 
tile during melting. 
[Compare with Carr's 
furnace [118] show- 
ing the crucible in 
place.] Natural 
draught comes up 
through the grate- 
bars, and iwisses ' 
away through 
the e’.iimnoy 
common to 
all the Hues. 
The fire is 
dropped at 
night by pull- 
ing out the 
loose grate- 
bars, which 
are made of 
rods of 
square sec- 
tion. The 
_ ashesaro 

teken away 
from the ash-pit into the ash-hole or 
gallery in front, the grating i)eing lifted 
up for the purpose. 

As a rule, tlie natural draught of a 
chimney is adopted for brass-melting 
furnaces, and coke is the fuel used. 
Tn rec<*nt years pressure blast has lH?en 
applied to the Fletcher furnaces and 
others, and oil lias been used as a fuel, 
as also has producer gas. It is prob- 
able that these will in course of time 
largely displace the old methods, because 
these agencies are more active, cleaner, and 
under better control. 

Fig. 119 shows one of the Fiat furnaces used 
largely in France. The actual furnace is mode 
to tilt, BO avoiding the pulling out of the crucible 
with tongs. In some of tliese» two crucibles are 
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vsed, an upper one to warm the lumjw of brass, 
and a lower one to melt them. 

The Reverberatory Furnace. This 
and the brass-melting furnaces just deseribed are 
often termed air furnacjcs, because they utilise 
natural chimney draught instead of pressure 
blast, like the cupolas and converters. The term 
‘•reverberatory*’ relates to the arched form of 
the furnace roof, which, being low, deflects the 
heat down on the metal that lies on the heartli. 

Details of design vary, for these furnaces ar<^ 
used in nearly all metallurgical processes having 
for their object the reduction of various 
metals from their ores, or the remelting of metals 
and alloys. Ksscmtially the furnace comprises 
n hearth on 
which the mt‘tal 
lies, and wfiich 
is arched ovei* 
by the roof ; a 
fire-grate, sepa- 
rated from the 
hearth by a 
bridge of brick, 
and a tall chim- 
ney at the op- 
posite end ; and 
various openings 
in the furnace 
sides through 
which the opera- 
tions going on 
are observed and 
controlled, and 
from which the 
metal is tapped. 

The flame and 
hot- gas(\s are 
drawn over 
the bridge 
and hearth by 
the chimney 
draught, and 
deflected by the 
roof on to the 
m e t a 1 . T h e 
value of this 
type to the bruvss- 
foundiM* lies in 
the fact that 
large masses can 
be melted with- 
out contamina- 
tion with the 
fuel. The same remark applies to aluminium, 
and occasionally <’ast iron is so melted. The 
largest quantity of steel made is produced in 
furnaces of this typi\ 

The Bessemer Converter. This is 
used in the manufacture of one particnilar 
grade of steel, u.sod largely for castings, and for 
rolled products. It is a remelting furnace, the 
pig having lieen previously smelted from the 
ore elsewhere in a blast furnace, and remelted 
in a cupola before it, i.s introduced to the con- 
verter. /pte pig is decarbonised, by the blowing 
<4 atpiospheric air through the molten metal 
twenty minutes, and any excess of 
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sulphur and phosphorus is removed, after which it 
ij recarbonised by the addition of speigeleisen, 
or ferro-manganese (alloys of iron with carbon 
and manganese). It is then ready to be poured 
into the moulds. These converters deal w'ith 
large and small q^^n titles of .steel, and divide 
favour with the open-hearth furnaces. 

The Open-hearth Furnace. This 
is a reverberatory fiirnaeo designed with the 
s|M'eiul object of making mild steel from ore and 
pig ur scrap. Tlie ore and metal are dcH’ar- 
i>onised, not by a ))last of air, as in the converter, 
but by tlu‘ action of reducing agents — fettling. 
The metal is recarbonised by the addition of 
speigel, or f(‘rro, and is then ready to bo poured 

intu eastings. 

Foundry 
Ladles. ; In 
ordinary foundry 
work all metal 
is transferred 
from the cupola 
to the ladles 
before l)oing 
poured into tlu’i 
moulds. Th<*se 
ladles vary in 
almost every re 7 
spect one from 
a not her, from the 
small hand ladles, 
holding J cwt. 
to those carrying 
as much as 70 

tons. T h (i 
smallest is a 
hand ladle, 
usually made of 
cast iron, and 
furnished , w’ i t h 
one shank or 
handle. , It is 
used for very 

light coasts, and 
for supplying 
small (quantities 
of metal re- 
(piired for feed- 
ing, etc. Tlui 

form of ladle 

w^hich is used 
more than any 
other in ordinary 
foundry work is 
type, made in sizes holding 
6 cwt. It is of sheet steel. 


the double-shank 
from 1 to 8, 4 or 
livcted together, and is embraced by the ring 
into which it drops, and manipulate by the 
shank handle. Two, three, or four men nro 
required for carrying it, according to its weight. 
With 1 cwt. or 1 J cwt. of metal two men suffice. 
With 2 cwt. or 2| cwt. three men are required. 
Above this load four men carry, two at the douHo 
handle, and two at a cross-bar supporting the 
single handle. During carriage the heat of th 
metal is prevented from .scorching the mei^ 
faces by a cover of sheet iron placed over ! 
The metal is poured by the man or men at tl/; 






cross -handle tipping 
it sufficiently high. 

Ladles of the same 
type, but carrying 
from 3 or 4 cwt. iij) 
to J ton, are slung in 
the crane and t ipped 
by men at cross-, 
handles. 

Heavy Ladles. 

Above this size, and 
up to 12 tons, ladles 
of the type of 120 
are used. "Fhese are 
made of boiler ])latt^ 
riveted together, and 
according to their size the arrangements 
for pouring are modified. Tii any ease the, 
ladle is slung in tlio crane by means of a 
strong crosshead and eye ; freun t he ends of 
the erosshead di'pend slings with ey(‘s which 
cnibraeo the trunnions projc'cting from a belt 
encircling the ladles about the centre. When 
the ladle is of moderate size, say, carrying 
less than 2 tons, it is lipped by means of 
the cross-handle liaving a box <‘nd nnd pin. 
But in th(‘ heavier ladles worm giniriiig, as 
sljown in 120 (one of Nasmyth’s nuim'rou.s 
inventions) is always employed. In the figure 
bevel gears for gaining extra powcT are added. 
To giv(^ some idea of tlie enormous strain on this 
gearing, we may numtion that. vv(' once saw tlie 
teeth of the worm-wheel of a (5-ton ladlt* strif» 
while pouring, so that the mould was left half 
filled, and a waster casting resulted. Wt the 
ladle had been in use for many years. The 
sjiindlc of the worm is usually prolongc'd and 
drauii down leetangular in form to nuMMve tlui 
cross-handle, by which its rotation is effeeltal Or. 
{IS in 120, the cross-handle is put on the shaft of 
the first bevel wheel. 'I’lie task of ti[>ping, owing 
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to lh(* enormous gain in power obtained by this 
gearing, is comparatively easy, one man easily 
n'gulating the llow^ of sev"(‘ral tons of metal. 
A forked bar is used for })uUing round and guid- 
ing tlie latlle wliik* slung in the crane. 

'File earriag(‘ form of hulk* is (‘rnployt'd for 
large fjuantiti(‘s of steel, avoiding the use of a 
crane, the* bulk* being ]>iv()ti*(l in bearings in a 
heavy carriage. T.oads of molten nu'tal u]) to 
70 tons aie handk*d thus. 

Lining Ladles. part of the duties of 
the furnaee-man consists in lining the kidk‘S in 
ri*adiness to reeeivt^ tlu* 
metal, ('lay wash is smeared 
over the interior, and after- 
wards a coat of sand and 
blackening, or of loam and 
blaek(‘niiig ; then the ladk‘s 
are dried, 1 In* smalk*]* by being 
laitl mouth downwards over 
eok<‘ lire, tin* larger by 
liaving a tinr 
of sticks lit 
/ inside tlieni. 
Aft(T the east- 
ing is done, 
tlie r(*mainiiig 
nndal, if any 
such b(i pr('- 
sent, and l)e 
not required 
for other work, 
is poured out 
into a gutter 
dug in tln^ 
foundry floor, 
to be brok<‘n 
up after cotil- 
ing. On the 
286.5 
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following nuR'iiing llu* v^kuHs. or lliin linings of 
metal left odlKTing to tlie sides of the ladles, 
are knocke d out, and tlnw are relin«‘d for the 
n(‘xt casting. One coating suniees for the 
casting of a single day, though the ladh's may 
1)0 filled sev<;ial times, but not for the next 
day’s work. 

SKimmtng Ladles* Several special 
forms of ladle have been dt'vised with a view 
to the betU'r skimming of the metal, but the old 
form of baying the scTiriic back with a skimmer 
bar still liolds its own. For easting steel tlie 
goose-neck ladle is g(‘nerally usid— that is, (he 
metal is run through a liole in the bottom of 
the ladle, the hole being op<'ned Ijy a goo.se-neek 
or bent lever lifting a ])lug which closes the liolc 
when not pouring. Another ladle has a jmr- 
tition passing down inside tin* ladle near to the 
bottom, which effectually keeps hack the dross. 
Another on the same principle has two sf)ouls 
on opposite sides. Tlie only drawdiack to these 
skimming ladle.s is, of course, the extra trouble 
involved in daubing them up, an easy matter in 


those of plain form. The trouble of skimming 
is not so siaious as sonjt‘ may think, for witli 
a skimmer held firmly across a Indies's month it is 
very ran* for any large amount of dross to Mow 
over. An<l should any fall into llui fxniring basin 
it- cannot go into the mould if the precaution he 
taken, ns it always sliould he, to k('cp th(' basin 
full to the brim during pouring, because the? lighter 
dross will lloal on the surface of tlio heavier 
metal. 

Three typical foundry interiors arc shown in 
121, 122, and 123. Fig. 121 incliides a jib crane 
of the usual type, which covers the floor area 
within its rang(\ piles of boxes being also seen. 
A larger building is illustrated in 122, having tb (3 
floor <M)vered with ovcrh(‘ad (‘lectric travclliTs, for 
handling ladles of metal, and large boxes and 
castings. On the hdt-haud wall, jib cram s are 
provided, for use wliile the travellers are busy 
elsewhere. Fig. 123 gives a close view of tlu* 
moulding of a largo rop<‘-w'h(M’l at the Sul/er 
foun<lry, Winterthur, a segment of tlu^ central 
core being lowered by tlie crane into place. 
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GLOVERS AND HOSIERS 

Tlio busiiK'ss of a glover and hosic'r is an ideal 
on(‘ for a smart young man who knows the 
trade w(‘ll. It atTord-; seojx* for enterprise; it 
may la* (‘ntenal into witli oidy moderate capital : 
rapid changes in fashion do not make risky and 
unsalabh' stoek. as in som(‘ otinu* departments 
o{ th(‘ soft good; trade, and tlu’ r(‘turn f(»r emugy 
oxpend(‘d and capital inv(“sted eompar<*s well 
with other branches of nMail sho|>k(‘eping. 

Locality and Premises. As an inde- 
pendent ventur(\ and not merely as a depart- 
ment in a g('neral draptay or out lit ting biisim^ss, 
a glover and hosier's slio]) should l»e opened up 
in a city or large town, and in a shopjung 
t borough fan^ fretpiented to some cixtint by 
fashion. A working-class population may buy 
hose, but gloves are luxuri<‘s of which th'dr 
puehasi's are spaiing, ami tlie glove side of the 
busiiK'ss is the moi(‘ prolitable. 

A pnunim'nt loek-up shop in a good city 
thoroughfare may be had at a rental of JC150 a. 
year, but cannot be w'<‘ll had for less. Even at 
tliis figure the sliop will only be single-fronl(‘d, 
w ith oru* window'. 'The outsid(* should In* neatly 
painted blaek, and a glass facia and stall hoanl, 
with gold lettering, providinl at a. eo.st of 
about £10. 

At present tlnue is a marked ti'ndeney tow'ards 
light eoloin’s — er(‘a]n, for instance - for both 
outside* and inside decoration, but black, 
e‘sp(‘eially for the outside, shows a more artistic 
taste, and harmonise's belter with tlie steak. 
'Pile w'inelow' sliould be* ])re)pe*rly e'ase*d in, anel e>ne 
side* she)uld be lilte*d wdtb a large* mirre)r plae_*ed 
slightly on the* angle. A goenl euTatige-nient e)f 
movable* brass re>ds and hrae'kets ought to be 
lilted. The* entire Aviiidow’ interie)r will e*e»sl 
al)e)ut £15 fe;)r titling. All we>e)dwork inside* the* 
shop oughf to 1 ) 1 * painted black ; tin* e-e'iling 
may be cre*nm eoleiurenl, and the walls washed 
with a gre*y dis(e*mper paint. 

The counter should have a Hat glass e*ase* ; the 
eomhinaiion may he he)ught fe)r £10 or v(*ry little 
more. A glazed wall ease* will e*o;t about as 
much. Suitable .s}n*l\ing feu* stock be)xes and 
pareels of hosiery are* (Essential. Th * e*iitiiv Heeeu* 
she)uld b * covered with linole*iim. A ge)od rug 
f.hould be placed in fremt of the count e*r ease, 
and a fenv bentwoewl chairs are* re?e|uire*d. The^ 
eh'ctrie? light sliould be installed in preference to 
any other if it be available. It is cleaner than 
gas, and permits eif colour- judging much better. 

The w'iiidow' is the must important feature in 
the business, and shou.d have attention accord- 
ingly. It offers the lure for the easual purchaser, 
and however big the regular trade may become, 
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the casual trade, through the <*frorts of a compe- 
tent w indow-dn'ssei-, A\ill he bigger si ill. Original 
window effects should ahvays he striven for, 
(‘it her in form or in colour of treatiiK'iit. 

Capital and Turnover. A stock of tin* 
value of £*25tl will suflu'e if carefully selected, 
and if tlic vai ious classes he re])rcs(*i)ted in thi*ir 
jiroper pro])orlions. ft should bo turned ovm* 
six times a year, which is more fiTcpiently than 
most other trad(‘s, and explains th(^ moderate 
(S'lpital of our estimate. The profits should be 
about 53 J pel' cent, upon the selling prices, 
which means 50 ]>er cent . on eo-it prices. Thus 
till* turnover on a stock of £-250 would he £1,500 
per annum, and tlu* gross protit would lx* £500, 
J(‘aving, aflir tlie deduction of r(‘nt and otlu'r 
dead chargi*s. a good r(*turn upon the capital 
invesl(*d. 'Tlu* (‘sfimate of 55.\ })er cent, being 
a minimum pi'olit. actual working would show 
belter r(*sults than those stated, de[)ending in 
amount, upon tin* excess profit ova*r the 33J 
p(*r cent. 

Stock. TIktc are two seasons in both llie 
hosiery and the glove trade, demanding two 
di.stinct elass<‘s of goods— w'iijf (*r and summe^r — 
and stock must lx* liougld according to the 
s(*asons. 

'Fhe stock must be very varied, and all sizes in 
huru‘.s', g<*ntl(‘m<'n’s, and children's wear must bt^ 
kept. 'Pbe go(xl maki'i's, such as Dent and 
Eownes. must be r(*pre-;ented, )ml a speciality 
should he mad(* of “ ow u make," w hich may Ix^ 
rnadi* more r(*mmierat i\ e, and ev(‘ry pair of 
which is ail advert isenumt fur the retailer. 

Gentlemen’s Gloves. (Gentlemen’s stock 
will comprise gl()v(‘s foi' driving, hunting, 
motoring, and walking, in real (’ape, buckskin, 
and r(‘ind(‘('r, retailing at from 3s. (id. to 
7s. ()d. per pair, and varieties in washl(*athor, 
kid, sued*, and ehevrette, to sell at 2s. (id. to 
3.S. 6d. |)er jiair. Winter goods will inelude 
glov(*s in ('ape, buckskin, Modia, and reindeer, 
lined with silk, wool, or fur, and rt*tailing at from 
3s. (id. to lUs. (id. p(*r jiair. Then thert^ arc 
kni(((*d ring wood gloves in black, wliito, and 
colours, at Is. (id. to 2.s. (id. per pair, and dress 
gloves in w'liiti* l.isle t)ir(*ad ancl silk, in Paris 
kid, and lama— bolli wliilc and lavender, at 
from Is. pair. 

Ladies’ and Children’s Gloves. Ladies’ 
gloves d(*mand a greater variety than glovi^s 
for gcntlem(*n. 3'he stock must* include plain 
kid gloves in two, four, and six button, to sell at 
2s. (id. to 5s. per pair, and suede gloves in four 
and six button in black, white, tan, beaver, slate, 
and drab, to sell at from 2s. lid. to 5a. Other 
items in the selection held will include ehevrette. 
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reindeer, and doeskin gloves, silk, wool, and fur- 
lined gloves, motoring, driving, and gardening 
gloves, si Ik- lined kid gloves and evening gloves — 
black, white, and light fancy colours— botli in 
kid and suede, up to 20 buttons in length, and 
selling at 3s. 9d. to 10s. Od. 

Children’s gloves in all sixes, both for boys 
and girls, form the third section of th^^ glove stock. 
It is the least profuse in variety, and d\irabiHty 
rather than fashion is the standard of acceptance 
in children’s gloves, and the stock must be 
selected with this fact in mind. 

Making and Cleaning Gloves. Phitcr' 
prise is often prolitahly directed by en- 
couraging the “Gloves made-to-measure” 
trade. It is more remunerative tlmn retailing 
ready-made gloves. Sometimes a .si(l(^ Avindow 
in which a man works cutting out gloves may l>c 
instituted with advantage. A girl, or more than 
one, may bo kept to sow tlu^ gloves together, or 
they may b(? givim out to be sewn. In any 
c'.vent, the glove: cutter at work is always a good 
“ draAA",” and ins])ires the eontidcncci of the 
purchasing public. 

'rhen, glove (^leaning should be undertaken, 
and emphasis laid on the “ new odourless 
f>roeess ” of cleaning, as many customers liav(‘ 
unpleasant recollections of liaving had gloves 
el(*aned and returned to them in a state that 
might ]>lease the eye, but distinctly offensive 
to the nostrils. 

Adjuncts to Glove Selling. It is 

always protitable to hold in stock a good selec- 
tion of fancy glove boxes to bold tliret*, six, or 12 
pairs of glove's, (doves are favourite articles wlaui 
fwesents are given, and a dainty box can oftt'u 
bo sold with gloves hoiight for presents. As 
business dcveloj)s and eajvilal increases, many 
other branches may be added to the business 
of which th(‘/ retailing of gloves is still tin* back- 
bone. Such branelu'S include general gentle- 
men's outfitting goods, braces — garters are allied 
articles — fans, lace mil tens, ties and scarves, 
handkereluefs, perhimery, bags and trunks, and 
other fancy (le])artmenfs. Many of them are 
the subjects of s])ceial consideration in other 
articles in this course. 

Hosiery. The word //o.sfcn/ embraces all 
varieties of knitted articles of wear, (^nly small 
quantities of each article should 1 k^ purchased, as 
the stock can be repkmished Avithin 24 hours, if 
the retailer be in London, and within Iavo days 
if his shop be in a provincial toAvn. Like tlm 
glove stock, hosiery may he divided into three 
(lepartments, those for ladies, gentlemen, and 
for children. 

In the gentlemen’s deparlinent there must 
bo stock of hand-knitted stockings, j<’rsoys, 
sweaters, knitted waistcoats and ( ’ardigan jackets 
for golfing, cycling, and boating ; also und<'r- 
vests, pants, socks, nightshirts, and combinations 
in unshrinkable natural avooI, fancy coloured 
cashmere, spun silk, merino, cotton, lamh's- 
wool, Indian gauze and silk and wool. 

I.iadies’ hosiery embraces combinations, nnder- 
vests, drawers, nightdresses, sf^ncers, bodices, 
and a large variety of hose — plain, riblx^d, and 
embroidered in the various materials already 


enumerated. For children the hosier must have 
a good sekiction of combinations, A’csts, dru Avers, 
nightshirts, socks, three-quarter lft)se, and 
stockings in all siz(*s and kinds for both h()y.s and 
girls. 

The profits in the hosiery deparfmont will 
not be quite so liigh as in the glov(' (k'partmont. 
The retailer Avill seldom he abl(‘ to exceed the 
rate of ]m)tit already given -33 \ ]H'r (‘ont. on 
selling price— and oecasionally ho will be billow 
it. He is fortunati' if mairtains that leve l 
on an average. 

Assistance and Terms of Selling. 

business is one Avhere unremitting personal 
attention is im])erative. Tlie Avage bill mn^d 
not l>e large until tlu* turnov(‘r requires the 
services of more tlian one exp(‘rt salesman. A 
boy as an outdoor a])pr('ntice, beginning at (is. 
]K*r Avet'k and rising to IDs., and an ('rrand-boy 
at (is. will be siitlici<‘nt until a good footing be 
gaijK'd. 

Th(‘ trade w ill be almost exelusively easb and 
may lx* entirely so. Ilenct^ then' is little time and 
extH'nsc recjnireil in booUk('t‘}Mng. and bad debts 
Avill be trilling. 

4’lie chea]> sale should be an annual or a 
.semi-annual feature. It makes room for new^ 
stock and it la'ings nt'w customers to tin* counter, 
and will bo [)rofitabl(‘. It rloes not follow' that 
all the reduction in prices at a sjM’ing or an 
autumn sale come from th<? |>rolits of the retailei*. 
The wbok‘.salor and the mamifaeturer baAa* often 
remainders and job lots at low* prices Avhieh just 
suit the sa!(i time and enal)le the retailer to st'cun^ 
his usual j>rolit altlioiigli ap])arently .selling 
at a great sacriliec'. 

GREENGROCERS 

'fhe sale of V('getables is one of growing 
importance, fr>r there is an ev«r-inereasing 
Ic'iideney towards the simpler, non-fie.sb -eating 
life and the consumpiioii of vt'gc'tabU? pro- 
fluee. To the yoinig man, therefore, with a 
goo<l constitution and a working kn(>w'le<lge 
of th(^ busin<*ss, it oilers a, tine lield for 
inl(*lljgt‘nt ent erju’ise. Experuuice is obtained 
in the markets and in the tii'lds, but, mon^ 
particularly, in tiu' sliop of a gns'iigrocer witli 
a good-going family busim'ss. 'riie necessary 
knowledge is thus (easily aecpiired by a smart, 
vvide-aw'ak(‘ man, and provid<'d he has also bijcn 
prudent and careful to the extent (d saving £">0 
or £t)(), he may fairly i-onsider himself eapiipped 
for a start on Ids own account. If, besides 
tliese qualifications, he has acquired a partiK'i* 
in life to sliare his joys and sorrow's, and to help 
liim in Ills business, .so much the Ix'tler. 

The Beginning. With so small a capital, 
it w ill bo evkh'iit that a large sliop, in a high- 
class suburb, need not bi' aimed at. The shop 
to a(!quire Avould be a small single-windoAved 
one in a residi'iitial middle-class neighbourhood, 
but one of the main thing.s to look for is a shoj) 
Avith a short forecourt in front, or at the side, 
where permission, will be given to display part 
of the goods outside on trestles. The litting up 
of the shop and the necessary utensils would 
not cost more than £20 to £30. A number of 
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largo bins are required for holding onions, 
ea)»bagi‘s, ])otfJtoes, and other staples. These 
an* arranged around two sides of tlie shop, aeeord- 
ing to the space, and over these an* ere< ted two 
or llin‘t‘ rows of woodcai shelving to hold hask(‘ts 
and oth(‘r sundrit's. 'I'lu*. window siioiild have* a 
sloping bottom, and a counter may or may not 
1)0 thought noeessary. The window is tilh'd with 
bask(*ts, trays, or boxes, in which t-oniatoes, 
as})aragus, nuts, and so forth are display<‘d. 
If a glass wall-ease can lx* .Secured cheap, either 
new or s(‘e()iulhand, it lends an iuereased 
attnaetion to the (*stahlishment, and is useful in 
storing bottled veg<*tal)les, pn‘served fruits, 
sauces, and other eiilinary adjiinets. At h'ast 
twf> s(‘l.s of scales and weiglits will In* re(juire<l ; 
a largt*. si/a* - weighing up to ‘2H Ih. — for 
vegetal)l(‘s, and a smalK'r size with brass 
pans— to weight up to 7 Ih. -for the sinallor 
v<*gotahlos. TJk* larger seal(‘S would probably 
cost jihout ‘ios., and the smaller 15s., and oare 
slu)uld he tuk(‘n that th(*y an* adjusted periodi- 
cally, and that the weights are true. By pHying 
a sum of lOs. or PJs. yearly, eertain firms 
iind(‘rtak(*, in Lo idon and other large towns, to 
adjust scales and W(*igl\ls four times a year, and 
thus obviate iinpK'asanl ness as a r(‘suh of un- 
ex])ei*t<'d visits from the local inspector of 
weights and measures. Baskets ari* also a 
neoessary part of a gnnMigroeer's (Mjuipmenf . 
The h(‘giniu‘r would buy half a do/en small 
baskets, costing from Is, lid. to ‘2s, (id. «‘aeh, and 
half a dozen larger ones, costing from ‘2s. to 
.‘Is. (5d. Ilf would also probably inv^est in a 
liand-barrow. If he felt particularly adven- 
turous, lie might go in for a speeially-huilt liand- 
harrow, lik(*ly to last him a lih'time, which 
would cost something like £10 lOs.; hut prohahly 
£3 for an ordinary coster's harrow would be 
nearer the mark. Barrows may be hired in 
lamdon and otlver big towns for Is. a week. 
.\ suj)|)ly of paper hags, with name and address 
printed on the outside, aiul capable of holding 
from I to 7 Ih. of contents, would cost at least £2. 

Marketing and Credit. Assuming that 
the heginiK'r is a sho[)-owner in a metropolit.an 
suburb, and that he has his sliop ready for 
stock, he would liire a horse and van, and a 
dri\'(T, at a cost of from 3s. fobs, per journey, 
and start out about four or ti\*e o'clock in the 
morning for (‘ovent (hirden to buy his stock. 
He would go to tile mark(‘t at least tliree films 
a week on this errand. In buying, he must keep 
in view’ tin* fact that the goods he deals in are 
extremely ]>eiishal>le, and make allowance 
accordingly. He should ho careful not only to 
buy as k(‘enly as tin* market will allow, but also 
to see that the goods he buys are fresh, sound, 
and of good (juality. lie will lind it a<lvan- 
tageous from e\a*ry point of view to pay cash at 
tirsl for his purchases. As his retail trade must 
likewisi* ho for easli down— at tirst, at least — 
this will be no hardship, seeing that an emu’getic 
man must sell his stock twice, or at least once a 
week, ill order to avoid loss by deterioration. 
"I'lierefore. ho will alwavs have money in hand to 
go on with. As he begins to know his neigh- 
bourhood and his customers, lie will probably 
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find it neeoKsary to give w(u*kly credits, and for 
this purpose he will have to provide a set of 
pa.ss- books — costing about (Id. each — with his 
name and address printed on, for th(‘. use of 
credit <*ustomc*r.-;. .Another item to be taken 
into consideration is the fact that some kinds of 
vegetables art^ bought in baskets, for which 
the wliolesaler charges Is. or (id. each, giving the 
retailer a tally for the amount, and if the baskets 
are returned within 14 days, the money is 
|•efulld(‘d. He should see to it, therefore, that 
these baskets an* not kept beyond the proper 
time, or h(' may losi^ money in a simyile way. 

A Specimen Order. Tlu^ season of the 
year has, of course, much to do with the kimls 
and (jiiantities of vegetables to be piindiased for 
an opening stock. But, sujiposing a start be 
ma<le at the begiuning of the year, tlie young 
gre ‘ngroeer would select first of all one ton of 
])()tatocs, which would cost him probably some- 
thing umh'r £5, at average Co vent Harden 
Jjmunry prices. The ton wo\ild he divided into 
three kinds, tin* })est (to retail 14 lb. for Is.), 
second-rate (s(‘lling at IS 11). for Is.), and third- 
rat (4 11). for 2d.). Of he?' purelias(*s would 
inehuh* om* dozt'ii l)unehes of carrots, costing, 
ap})roximately — as with all tin* ])riees cited — 
‘2s. t)d.. to ndail at 4d. ])er bunch ; one cwt. hag 
of Dutch onions (eosi .‘is. (Id,, ndail Id. ])er Ih.), 
one ease S})aiiish onions (7s. Od.) and one ew't. 
Knglish onions (os. or (Vs.). Tin* S])anish and 
Knglish varieties retail usually at 5 lb. for Od. 
'I’lirnips would !)(* bought in the same quantity 
and at tlie saiiu* priei* as carrots ; celery, six 
bundles (eight in a bundle) cost 5s., retail 2d. p(*r 
h(‘ad; a few Swedish turnips (retail 4 lb. for 2(1.) ; 
one l)ush(‘l of Brussi'ls sprouts (3s. to 3s. Od., 
retail 1 .Jd. to 3(1. p(T Ih.) ; one tally (00) savoys 
((‘osting, aeeoi’diiig to size, 3s. to Os., retailing at 
Id. to 2d. each) : om* hag of hunch grc'cns, 
1()()S«‘ or cut ((‘osting Is. Od. to 2s., and retailing 
at Id. per 11). ) ; a similar (jiiantity of broreoli 
(retail. Id. eaeli) ; some r(‘d cabbage and 
I'V(‘rieh beans ; two dozen lettuces (Is. Od. jkt 
dozen); om* dozen l)un- lies watercress; half-a- 
dozen punnets mustard and cress ; half-a-dozen 
endive ; two bunelms of spring onions ; one 
d()’Z(‘ii bunehi^s of l(*(*ks (cost Is. Od., redail ‘2d. 
per Imiieh), some garlic and shalots. C'oiit inuing, 
lie w’ould select two dozen eaulillowers (costing 
2s., ndailing at 3d. each) ; three 1 lb, baskets 
seakale (costing Is., j’etail, Od. p(‘rlb.) ,* a bushed 
basket of bei^troot (cost ‘2s., retail Id. each raw or 
‘2d. to *2,\(l. each boiled), two bushels turnip-tops 
(eo.st Is. 9d., retail Id. per lb., or 3 lb. for ‘2d.); 
two dozen ImndK's foiT(‘d rhubarb (cost 2s., retail 
2d. per bundle) ; winter s])inaeh (retail 4d. pm’ 
lb.) ; three or four ])unnets of forced niiishrooms 
(costing 8d. per punnet or Ih,, and retailing at Is.), 
it will be necessary also to lay in a stock of 
nut.s,say one do74en qiiarlvS of Spanish (co.st 3s. (3d., 
retail Od. per (piart) and same quantity of Brazil 
nuts, which retail at 7d. per epiart, and cost a 
littlo more than the Spanish. A nice selection 
of walnuts, almonds, dates, tigs, and other 
dried fruits is also requisite, besides the principal 
fruits in season. These are dealt with in the 
ariiele on Fruiterers [page 2529]. Many things 



SHOPKKEPINQ 

are not mentioned in this list, such as aspara^ifus, fruiterer sells. He may oven invade tlio spocjial 

artichokes, in the purchavso of which the green- province of the liorist and the seedsman, and 

grocer will have to use his judgment after sell cut flowers, tlowers in pots, ferns in pots, 

ganging the potentialities of his customers. flower seeds, bedding plants, and so on. As t he 

Vegetables in Season. Tn ilie fore- business grows, tlu' greengrocer may rise to llic 

going paragi’aph, the stork is such as would be dignity of a liorse and van of his own, and in 

bought in January. But every month there is spare lime this can be made renuiiierativo by 

something new to be add(‘d to, or to be dropped undertaking local removals and the general work 

out of, stock. Moreov'cr, th(‘ crops are soim*tim(‘s of a carrier. 1'hen there* are appropriatt^ eidinary 

bad, and the vegetables scarce; at other times nceessit ie,s, such as vinegars —to s(‘ll “ loo^ie ” 

the crops are good, and the supply plentiful. from the cask or in bottles — bolth'd sauces and 

This naturally alTeets the prices, both whole- oils, bottled vegetables and fruits, pickles, olive 

sale and retail, making things dearer or cheaper, oil, drii'd herbs in bnndb's, and nii\(*d herbs i?\ 

as the case may be. For instance, i)eas are j>a.eketK. At tlirislnias time, wln'ii the stufling of 

generally elieap ‘in Jimo and July, becausi* tlio K<‘eso and turkeys is iiniv(*rsal, tlie sah^ of dii(‘d 

English season is then on, and the oxoi ic supplies h(‘rbs, like sag«* and I liyme, is not to be d(*spised. 

still coming in help to glut the market. In Searching for Business. In these days 
June, therefore, the greengrocer would pay 4d. when competition is so kot‘ii, it b('li()V(‘s tiu^ 

per peck in the market for peas, and ret aift hem beginner to bestir liimself and look out for 

at (id. per peek, while in March or earlier, ho orders. Tt is of no use to stand in the shop and 

woidd pay Is. ])er peek and sell at Is. (id., but expect the iK'ighbourhood to tlo<‘k to your 

the usuar average price for good peas woidd be establishment when there are countless i)eri- 

Is. per ])oek, and the cost about Hd. The P»detie xM'ndors of v(‘getahles and fruit in the 

appended table gives approximately the se.asons sha])e of persistent costers, who buy tie* “ h ft ” 

at a glance. stocks in tlie nu\rk(‘t foi iu‘xt to nothing, 

and who vend partieul iv artich's from door to 
door in your neighbourhood at }>r(tbahly cheapi'r 
prices than you are selling in your r(‘nted 
shop. Tt will he imperative, therefore, either 
to go }H*rsonally. or to send o\it a hoy ev('ry 
morning to solic'it orders for the diniu'r v(‘ge- 
tah](‘s nerd(‘d by tin* residents of the neighbour- 
hood. Moreover, as a gre(‘ngr()eer in varia 1)1 y 
makes a r(‘putalion on Ins potatoes, great care 
should bt‘ taken in the seli*etion of these. A 
sample of a line! “ lloury " j)otato, r(‘ady cooked, 
should be on view on a clean plate in the, shop. 
If a fn‘shly-(*o()ked “ mealy” potaU) is displayed 
in this way every morning it will act as a sur- 
prising incentive, to business. 

The Question of Profit. The perish- 
able nature of tlie g?'(‘engroeer’s stock makes it 
necessary tiiat it should he worked witli grc'at 
care and eireumspeetion. On occasion, even 
the most careful man will l)iiy a fpiantity of 
potatoes or oth(‘r vegc't ibles in whieli some 
of the stock, nverlookcfl iji buying, are rotten 
or diseased, and these (piickly eoiilaminate 
the entire parcel. Tliere are otluu’ unforeseen 
and unavoidable ineid(‘nts in stocking v(‘g(4/ibles 
that make for waste, fn a business sueli as wo 
have sketched, the amount of waste incidental 
Tt will bo understood, of coursi*, that the to the business (*ould not be. reckoned at less 

“ season,” as giv'en in the foregoing table, means than tl ))cr week. This has to btj kept in mind 

the season of the year in whioli the English when marking retail prices. The rent of shop, 

housewife uses homo-growTi vegetables only. with living accommodation, rates, etc., would 

There are many — probably most •• of the vegc- bo at least tbO per annum, and a shop-hoy will 

tables named that arc obtainable all the year cost — in I.<ondon — 7s. to 1 Os. per week, according 

round — potatoes, tomatoes, and onions, for to his size and capacity. A man must reckon, 

instance. J3ut in the months not named, the therefore, on having a profit of from 30 per cent, 

vegetable then procurable is not usually of to 40 per cent, on his return before he can make 

British production. the business pay’^. Some may do it on less profit, 

Suitable Side Lines. T^esides the fruils. but we are supposing that the young green- 

ctc., already referred to, there are many other grocer and his wife arc starting out in life with 

developments of the greengrocer’s business the intention not only of making a livelihoorl. 

possible. He may trench on the domain of the but of gaining a competency by thrift, earnest- 

fruiterer with impunity, selling all that the ness, and energy. 

Continued 
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Group 9 

OVERCOATS AND WAISTCOATS 

DRESS 

20 

System of Drafting: and Cutting Chesterfield Overcoat. Four Styles of Vests. 


Cutting Material from the Cloth. Trimmings. Some Hints on Making 


. . 


By W. D. F. VINCENT 


Overcoats. The most popular stylo of 
overcoat is the dies ter lic;l(l. and we show how 
U) cut this in two stylos — the “hy” front and 
the ‘*doii])!e-breastcd.” Overcoats, of course, 
refpjiro larger shotdders and larger body parts 
than the ordinary suit coat, as well as extra 
spring over the hips. This is provided for by 
increasing the front, and over shoulder measures 
jj in., allowing an extra inch a side for making 
up and adding about I in. more spring at the 
liips. In order to make this clear we give the 
system comf)lete. 

Draw lines at right angl(‘S to 0 [22]. 0 to .3, 
J seye depth ; 0 to 0, depth of scye ; 0 to 
17i. natural waist length plus A in. ; 17i to 
‘jni, from 1) to 12 in. ; 0 to 42}, full length plus 
A in. Square lines at right angles to these points. 
17.J to I is J in. 

Draw back scam from 0 through | to 20 J. 
Mark back from 20J, 1] in., and draw line fromO 
through it to bottom. 0 to 3, one-t welfth breast ; 
3 to J, } in. 2 in. below 3 mark off the width 



of back plus } in., and curve out to J. Draw 
shoulder seam from J to J ; J to 21.}, half chest 
plus 3J in ; 21 J to 13J, the across chest plus 
2 in. ; 132 to 192 always 6 in. 

192 io is 2 in., more for stooping figures 
and less for erect. Square uj) from 132 2 in 

the direction of C. 132 front sliouldcr 

length, plus 2 less 0 to 3 of the back. 132 to B 
the over shoulder measure, ]>lus 2 less | to A 
of the bark ; 0 to B, in. less than back shoulder. 

Shape seye by those points, dropping it J in. 
below line 9 ; ^ to 7.J is about one-sixth breast 
])lus 1 in. Square down from 71 and continue up 
into back scye ; 7^ In S j is } to 1 J in. according 
to tlie <4osenesK of the lit desired. 8^ lo M is 
fi in. M to N, 1 to 2 in., according to the amount 
of spring desin d. 

Scpiare down by 8} and N and add on .J in. of 
round. Take out a fish under the arm of about 

1 in. 

When this is omitted reduce the back as per 
dot-and-dash line at P. 

C to D, one-twelfth breast; D to R, the same 
quantity. Draw breast line from D through 21 J. 

Make waist to measure, plus 3.J in. ; add on 

2 to 2\ in. in front of breast lino and com- 
plete as shown. Drop fore jiart J in. at J. 

For double-breasted fronts add on 3J in. in 
front of breast line, and complete as per dot-and- 
dash lino. Shape lapel at F to taste. 

Locate pockets as shown — ticket pocket on 
waist level and the front level with the front 
of hip pocked. Hip pocket 4 in. below w^aist. 
The centre of the pocket is X, and this is midway 
between side seam and breast line. Size of ticket 
pocket flap, 4 by 2 ; hip pocket liap, 71 by 2^. 

The system for cutting the sleeve is the same as 
described for cutting the lounge jacket, but the 
measure from 2 to the depth of scye line must 
measured to the true level of the bottom of the 
scye. The Avidth at elboAV and eufF must bo 
increased by fully J in. 

Waistcoats. Several of the measures taken 
for the coat are used also for tlie vest, with 
the addition of a measure taken from the back 
neck A [24] to the opening B and on to the 
full length C. The chest and Avaist measures 
illustrated in this figure at D and E are the 
same as for th(^ coat. From the sectional 
measures taken for the coat we make these 
deduction.^. Front and over slioulder measures 
J in., across chest J in. 

The Back. Draw lines at right angles to 0 
[ 23 ( 7 ] ; 0 to 9, scye depth ; 0 to 17, natural 
Avaist length ; 17 to 1, 1 in. ; draw line from 0. 

From 1 mark in J in., and draw back seam 
0. i to I ; 0 to 24 , one-twelfth breast less J in. ; 
2^ to j, f in. Make 4 a pivot and sweep from 
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0 to A. Make width of shoulder 
one-eighth of breast plus 4 in.; 

4 to lOJ is J of breast plus j in. ; 
f to 104 is 4 of waist plus J in. 

Draw back scye and side seam, 
leaving the length of back to b<^ 
adjusted after the fore part has 
Ix^cn cut. 

The Fore Part. Draw lines at 
right angles to 0 ; 0 to 8, the dis- 
tance between depth of scye and 
natural waist ; 8 to 1, 1 in. for all 
sizes. Draw side scam. 0 to 9J, 

4 of breast plas J in. ; 9J to 2| , 
the width across chest (the J in. 
having been deducted as before 
stated); 2{ to SJ, 5J in. (always); 

to 2, 2 in. (less for erect, more 
for stooping figures). iSquarc by 
2} and 2 up to C ; 2J to the 
front shoulder mtasure less the 
width of back neck ; 2.] to Ih the 
over-shoulder measure less 4 
to A of the back. } in. having been 
deduct(‘<l from each ; (1 to B a tritle 
less than back shoulder ; C to K and 
( Ho F, on(‘-t welflh of breast less J in. 

Draw breast-line from E, through 
03 , to hollow. Shape scye from B 
t o 0 ; I to 9J is I of Avaist plus 
3 in. Add 3 in. for button stand 
beyond 93 . 

Measure ofT tht* length to op(;ning 
from C to breast-line, having first 
deducted the width of back neck. 

(Continue on to I the full length, 
allowing J in. for seams. Place one 
arm of the square on and the 
other on T, with the angle at side 
seam, and dra^v the run of the 
bottom of vest. Comi)let<? back 
length to harmonise Avith fore part. 

The style shown in this diagram is a “ no 
collar v(‘st,” and for such the neck is filled up 
3 in. at C, Avhich means that the stand of the 
collar is cut on to the nc(;k. The pockets arc 
y)laced on the IcA’^el of Avaist alxnit 5 by J in., 
and are kept about 1 in. in front of the sich^ seam. 
The watch pockt'i is put about 5 in. above the 
other, and is made about 32 by J in. to slope up. 
The usual number of buttons placed up tin* 
front is six. 

Step Collar Vest. The cutting of this 
fore part is identical with the preceding one, 
except at the neck, which has the neck cut 
down, as from C\ to a little below F, the part 
al)Ove C being arranged in harmony with the 
shape of the lapel desired [23.0]. 

The Collar. B, J in. above top button- 
hole [23c] ; X IS J in. up from hollow of gorge. 
Draw line from B through X tj3 A. A to D, 
depth of fall ; D to C, depth of stand ; to E, 
depth of fall. Length of collar, sufficient to go 
round the back neck. The facing and collar 
cover are usually cut in one piece, as indicated 
by dotted line E F G. 

Double-breasted Vest. Similar to fore 
part of Diagram 6, but with an extra amount 


23. WAISTCOATS 

added for overlap, as from 92 to H and 25 to ], 
adding, say, 2J in. at IF and If at I f23(f]. Curve 
up the bottom slightly, as from 25 to 1. iShapo 
the lapel to taste at F G, or the neck may bo 
cut down to the dot-and-dash line, and the 
up|>cr ])art tilled in Avith silesia. The collar for 
the double- breasted vest is shown on Diagram e, 
except that the shape at F G is diiTcrent ; 
that, however, is quite a matter of taste. B 
is 4 in. above the top button ; X to J in. 
from 1. 

DraAV line from B through X to A. A to D, 
depth of fall ; D to C, depth of stand ; 0 to E, 
depth of fall. Lot collar overlap gorge 4 in. 
at F, and let G touch the top of lapel. 

Dress Vest. Similar to 23a, Avith the neck 
filled up as for “ no collar.” F is the opening ; 
mark back from breast-lino 2.J to .3 in., and 
draAv lino up to 2 front of C ; fill in the 
corners f in., and shape opening to taste [23/]. 

"Hie collar for this is cut the same shape as 
the opening from G to F. The shape imparted 
at G is a matter of taste. 

Sleeve Vests. Back and fore part as 23a, 
but with the shoulder made one-sixth of the breast, 
and the scye filled in as dot-and-dash line. 
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The Sleeve \2Zg\ Mark sleeve pitches ; reckoned to the yard, that being the universal 
back, 2 in. down from shoulder point ; front, standard adopted by woollen merchants. 

J in. up from bottom of scye. Draw lines at Trimmings. The following trimminjgs are 
right angles to 0 ; 0 to J, J in. ; i to 5, back required : | yd. of canvas, A yd. of silesia— to 
pitch to depth of scye line. match — ^for pockets, striped sleeve lining to 

0 to 1), size of top scye between the two length of sleeve, 5 or 6 in. of linen, lining 
pitches, with the shoulder scam put in a closing according to garment, buttons, twist, silk, 
lK)sition. 0 to 41, half 0 to 9. Shape slficvo coat-hanger, stay, tapes, etc. These are gener- 
hoad as illustrated* Measure oif length to elbow ally rolled up in the canvas and tied with 
and cuff from 9 to 9 and 5^. Hollow elbow the stay tape. The ticket containing the in- 

2 in. at forearm ; make sleeve width of elbow one- structions to the workman is made out, and 

sixth breast plus 1 in., and cuff one-sixth breast the garment handed over to l>o made up. 
less h in. ; raise forearm at cuff 1 \ in. 5 to 8 is Hints on Making. The garment is usuaUy 
the size of the imderscyo between the two pitches. unrolled and the ticket studied as a preliminary. 
The underslceve must not be “ hollowetl.” the trimmings are cheeked off, and the marking 

Making Up. The welt pockets Jire put in threads put in, and then the shoulders are 
in the same manner as for a coat, the ends tacked manipulated l)y the iron. The shoulder is 

to stays as shown at 11 and K of Diagram 2Zh. folded over down Ihe middle and moistened with 

J shows the lower po(?kot, C the watch j)ockct, clean water, and the iron worked backwards and 

Q and T front tackiiigs of the pockets tiirough forwards so as to form a hollow [25i]. This will 

the canvas. I) shows the canvas, and it will result in stretching the gorge and the front of 
be noticed that a V of ihe same material has shoulder, and shrinking the hollow of the shoulder, 
been inserted at the shoulder to impart form. Now baste a strip of linen across the back of 

F G II I shows the stay tape put round the the pocket mouth, as shown in Diagram 25/, 

edges to steady it and to draw it in a little at and later put another strip to go from the end 

G and H. K and A show the scye tiimcHi of the pocket mouth into the side seam, as B. A 

over. should, of course, go on the straight, and B on 

Diagram 2Zi shows the next step, the facings the angle, the threads of the linen being arranged 
being sown on and turned over as illustrated at so as to j>rovit{e the utmost support. 

N 0 P Q. This is then seamed on to the Tlie flap is then cut to the size and shape de- 
canvas. Diagram 232 shows tlie fore part linings sired, lined and stitched in the sam(* style as the 
l>eing put in ; a fold is put down the shoulder edges are stitched. Then place the flap down 
at A, and the lining is then felled on to ihe scye on the outside of the fore part, as F B ( 256], and 
and the facings. Diagram 231: shows the back on the top of this put a piece of pocketing, as A, 

sown t-o the fore pari. G to C is basted round and then stitch through all the parts at A. 

on the outside, and B to F along the bottom to Underneath a piece of pocketing has been seamed 
keep it in place for the press. The buckle and on to a narrow strip of cloth which, in turn, is 

strap is put on at the waist level and is sewn stitchixl along the bottom of the pocket mouth, 

in with the side seams. 'I'he pocket mouth is then cut through between 

The finishing touches may now be given — the two rows of stitching, as shown in Diagram 

such as 'working the buttonholes, sewing 25c, and each of these is then turned in and 

on the buttons, and giving the vest the itched along the top. Diagram 25<7 shows the 

final pressing. W J bottom jeating turned in and stitched, and 25e 

Cutting from the Cloth. Having NS J shows the flap. The pocket is then stitched 

cut out the patterns, the next step is to lay round, and the stays are basted on 126a]. 

them down on the cloth so as to take canvas next claims attention, 

them out of the cloth as economically order tx> get the best shape 

as possible, and at the same time to f ^ f \ into this, “ V’s ” are inserted at 

arrange them in such a w'ay that they / jo I \ nc'ck, shoulder, and scye [see W, 

will not bo unduly biassed, whilst in \ 25f2]. For these slits are made with 

the case of prominently checked e TV \ the scissors at the most suitable 

materials it is necessary to arrange ® ^ canvas are 

the corresponding seams to match. ^ / inserted and opened out. The 

First arrange the cloth with the If o ix)cket ends may now be tacked, 

way of ihe wool (if there is one) edges arc then steadied or 

running from right to left, and then j I \ drawn in a little with stay tape, and a 

note if there is any string along the Ml) ] piece of linen is put down each front to 

selvedge, os this usually indicates a V I take the buttons and holes. A strip of 

damage and has to be avoided. Then 24 vest linen is put along the crease row — this 
arrange the various parts on the known as a bridle, its object being to 

material, with duo allowance for the " prevent stretching at that part. The lapel 

necessary inlays. In Diagram 25 wo show in front of this is p^ded to give it a nice 

how to take a 36- in. -breast lounge suit out of curve, and the fronts are ready for their 

2} yd. of faced material, with all the usual pressing, which should be done before the 

imays provided and very fair facings. This linings are put. in. 

is practically self-explanatory if the student In putting in the linings, it is necessary to 
understands that F is the /fly, V F the vest allow extra width to the facings across the 
facin|^ X. F the top flap, etc. 37 in. is shoulders, and to provide a pleat down the centre 
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25. DKTATLS or CUTT1N(1 OUT AND MAKING 


ot the back and under 
the arm, as marked in 
Diagram 25/. The facing 
on the turn must also 
be put on extra long and 
extra wide, so that it 
may lie smoothly when 
the lapel is tunied back. 

The shoulder seams are 
sewn, and the collar put 
on, keeping it fair across 
the back, long in the 
hollow of the gorge, and 
rather short in the front. 

The collar is made up on 
canvas, with the stand 
stitched and the fall 
paddetl to give it the 
proper curl. To get both 
ends of the collar alike, 
put a seam in the (icnire 
of back and cut the front 
ends where it joins the 
neck on the straight. 

The outside collar is 
cut without a seam in 
the back; it is Avorkod 
into shape by the iron, 
and put on long enougli 
to cover the inside collar. 

The seams are usually 
drawn together. The 
edges are stitched, and 
in doing this it may bo 
necessary to turn it at 
the start of the lapel. 

Tn putting in the 
sleeves, the pitches must 
be first indicated ; this is 
usually done at the time 
of cutting, but in case 
it sho\ild be omitted th(*y 
should be located as fol- 
lows ; back, 2 in. below 
shoulder scam ; front, 
f in. up from scye level 
in front. 

Putting in the 
Sleeve. Start fulness 
at 1 [25/], which is about 

1 in. from shoulder seam, 
and continue it down to 

2 ; from 2 to 3, plain ; then put any fulness there 
may be in the under side at the bottom of scye 3 ; 
ko.ep it rather tight in the neighbourhood of 4, 
and plain up to 5. The sleeve seam is then 
pressed open, the facing serged to it, and the 
sleeve lining felled. TTie remaining touches 
are i>ressing, buttonholing, buttoning, etc. — 
which we have already described— and the 
garment is finished. This gives the outline of 
making a lounge jacket, and the principle is 
similar for other garments. 

When there is a waist seam, the fulness is 
started just in front of the under-arm seam 
and continued for about 3 or 4 in. in front. 


When silk facings arc ])ut on the fronts of 
frock or dress coats, it is usual to omit the 
cloth facing from the under ]iart and merely put 
on a lining of domet, the facing only extending 
underneath the silk far enough to make a neat 
finish. 

When garments arc made up on the “sub- 
division” principl(‘, they are usually fitted up 
with great care, and nearly every part is sewn by 
machine ; thus the outside collar is sewn on to 
the facings and linings, the in.sidc collar to the 
back and the fore part; then all is joined up 
round the edge, and, after the edges have been 
pared, it is turned out of the armhole. 


Continued 
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of chlorine on methane when a mixtUTO of 
them is exposed to light. 

Now we find that ethane behaves in precisely 
the same way. The direct action of chlorine 
u}X)n it converts it into chlorethano or ethyl- 
chloride, which has the formula (J.^H.Cl. And 
when the hydroxide of ethyl is treated with 
hydrochloric acid, the same suljstanco is similarly 
produced. In this last sentence wc have 
casually referred to one of the most important 
substances in the whole world, which we must 
discuss at length hereafter, and which is com- 
monly known as alcohol. 

Th*e Alcohols. If wc conceive of the 
paraffins as similar to metals, we are prepared 
to undeistand their poss(‘ssion of hydroxid(‘s. 
Kaeh of them has its own hydroxide, one atom 
of hydrogen having been rej)Iaeed by one 
hydroxyl grou]). Thcs<^ hydroxides are called 
alcohols, and therefore the first fact which we 
have to learn is that., properly speaking, alcohol 
is a general chemical term for a veiy large 
number of compounds. Just as there are 
lower and higher ])araffin8, so there are lower 
and higher hydroxides of the paraffins, or lower 
and higher alcohols. The first alcohol is, of 
course, methyl hydroxide or methyl alcohol ; 
the second is ethyl hydroxide or ethyl alcohol ; 
a!id it is this whicli is of such importance to 
man. The alcohol derived from propane is, 
of course, propyl alcohol. That derived from 
pentane is usually known as amyl alcohol, and 
has, of course, the formula The 

pros(5nce of this and other higlier alcohols in 
alcoholio drinks is of the utmost practical 
importance, since it leads to very serious symp- 
toms in consequence of the rapidly poisonous 
and deliriant action which certain of these 
bodies possess. Methyl alcohol is of com- 
})aratively small importance. When W(i come 
to consider the next set of derivatives of the 
paraffins we shall see, however, tliat a substance' 
tlerived from it is of great intere'st in relation 
to certain of th(^ fundamental facts of life. 
Meanwliile, however, we must consider the 
alcohols. 

‘ Preparation of Alcohols. If we 

desire to prepare an alcohol, we find that it 
may be obtained from the corresj)onding halide, 
just as sodium hydroxide may be obtained from 
sodium chloride. For instance, water, undt*r 
(icrtain conditions, reacts with ethyl iodide, 
the hydroxyl of the water takes the place of the 
iodine atom, with the result that ethyl alcohol 
and hydriodic acid are formed. The equation 
for this is as follows : 

C.H,.! 4 HOH - + HI 

There are many other fashions in which alcohols 
may be obtained, but we may content ourselves 
with afterwards discussing the method of Nature, 
which depends upon fermentation. 

There are various kinds of alcohols, which are 
called •primary^ secondary^ and tertUiry^ but their 
particular characters need not be discussed, nor 
yet the details of their derivation. The alcohols 
in general display a sequence of characters, as 
might be expected from analogy with the 


paraffins. Sir William Ramsay says : “ The 
lower members of the scries are mobile, colourless 
liquids, with but faint alcoholic smell, and 
mix with water in all proportions. 'The 
middle members an^ oily and have a heavier 
smell, and are spaxringly miscibh' with water ; 
and the higher iuemb(u\s are insoluble, colourless, 
crystalline solids. The tertiary aleohols melt 
at a much higher t<'iuperalure than do the 
primary and secondary.” 

Wood Spirit. The comTUon name by winch 
methyl alcohol is known is \mod fipiril, since 
it is obtained by the distillation of wood. 
'^I’his, however, yields many other products, sucl: 
as water, vinegai*, cri'osote, and tarry matter. 
In order to obtain it separately, calcium car- 
bonate is added to this mixture, so as to combine 
with the vinegar ; then when it is distilled, 
methyl alcohol and Avater are ol)iained. It 
boils at about ()6“ (5. Tt is extremely inllajn- 
mable, and is used as a source of lieat, 
and, like ethyl alcohol, as a solvent, especially 
for gums, indiarubbor, etc. When methyl 
alcohol is oxi(lis('d it follows thti rule whicli, 
as we sluill see. obtains gi'iu'rally of the si'ries 
to which it belongs, and yields an acid. This 
is formic acid. 

Methylated Spirit. 1 ’his familiar product 
consists of a mixture of ethyl alcohol with lO 
per cent, of nu'thyl alcoliol. The idea is to 
obtain a substanci* having the essentia) profKTtics 
of elliyl alcohol but so disagreeable to the 
palate that it would not be drunk. ''I’his 
subsbince is now about fifty years old, and, 
net'dless to say, has ))(‘<'n very largi'ly used for 
the purposes for which it was intended — as a 
solvt'iit, as a presci vative, as a source of light, 
and so on. It is the lanu'ntable fact, however, 
that, despite its tlisagreeahle character, it has 
not infrequently !)een employed for the purpose 
of producing intoxication. It should really he 
made decidedly more disagreeahh^ than it is. 
'I’he common form of methylated spirit contains 
a good deal of p(‘trc)Ieum oil as an irujiurity. 

This, however, is the tiin(* at wliicli one 
cannot too strongly insist that the device of 
pnqiaring nu'thylated spirit is totally inadt'quate 
to meet the present needs of this eonritry. 
Probably the most })roductive and valuable 
of all the uses of ethyl alcohol de])end upon its 
jiurity or comparative ]>urity. The conHe(|uence 
is that the manufacturer in this country is 
ridiculously handicapped ; he has to pay 
shillings where his German rival pays pence, 
and the consequence is that the manufacture 
of drugs, perfumes, ett;., is handicapped in 
this country to tluj point of extinction. It is 
high time that we really had scientific taxation 
which would prevent \is from strangling our 
industries in the process of collecting money 
for the purposes of revenue. Methylated spirit 
does not meet all the needs, and it is absolutely 
necessary that ethyl alcohol should be obtain- 
able for manufacturing purposes without the 
payment of the heavy duty which is rightly 
placed upon it when it is used or abused in order 
to please the palate and nervous system. 
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Ethyl Alcohol. The formiila of ethyl 
alcohol may be ^vritten in many ways, each of 
them varying in the amount of information 
which it affords. The empirical formula is 
C^H„0. While this correctly indicates the num- 
ber and character of the atoms in the molecule, 
it really tells us nothing as to the manner in 
which they are built up. The formula 
is much superior, since it indicates that the 
substance is a hydroxide ; but the formula 
is bettor still, since it indicates 
the structure of the molecule in still more 
detail. Indeed, wo have only to transpose the 
first and second terms in order to have the 
means of constructing the graphic formula of 
ethyl alcohol completely before us. 

Fermentation. Fermentation is, of course, 
a very large term, indicating a whole host 
of actions. In general, wo mean by a ferment 
a substance which has the power of inducing 
chemical change in other bodies without 
undergoing any change itself. Here wc cannot 
discuss the problems which it involves, but must 
merely consider the facts of the commonest 
kind of fermentation, which is alcoholic fermen- 
tation. This process has long been knowm. 
The first ago at which man prepared alcohol 
is far earlier than any recorded history. W(» 
know for certain that w ine and beer were offered 
t/) the dead in Fg'ypt in the fourth millennium 
before (.'hrist, and there is other conclusiv’c 
evidence to show that w^ine was prepared earlier 
than the fifth millennium before Clirist. But 
it is only within a few decades that we have 
learnt the most remarkable and significant 
fact, which has led to such great consequences. 
It is that the ferment of alcohol is a living thing. 
This, as everyone knows nowadays, is the yeast 
plant or the sugar mould, or, as the technical 
name goes, the sarduiromyces cerevisicc. It 
also has a shorter name — torula. It consists 
of tiny rounded cells which multiply by the 
process of forming buds — the process known as 
gemmation. This they do when they live in 
sugary fluids, and their multiplication depends 
upon a change which they produce in the sugar. 
During the fermentation of the sugar the yeast 
multiplies rapidly, and forms a scum on the 
surface of the fermenting Iluid. There are definite 
limits of temperature within which the process 
can occur, and there is also a point at wiiieh the 
production of alcohol arrests the fermentative 
process by interfering with the life of the yeast 
plant. Tile historic discovery that alcoholic 
fermentation is caused by a living creature is 
an important link in that great chain of dis- 
coveries w'hich led to the similar discovery 
of living microbes as the causes of fer- 
mentation, inflammation, and putrefaction in 
the body— thus leading to antiseptic surgery 
and its magnificent consequences, which have 
enabled a writer with a nice sense of antithesis 
to say that Lord Lister “ saves more lives every 
year tLan Napoleon took in all his wars.'’ 

The yeast plant is found practically eve^- 
whero. We thus tuKe it in large quantities 
with our food ; but it is rapidly killed by the 
healthy, stomach, which produces that powerful 
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antiseptic, hydrochloric acid. In cases pf in- 
digestion, wnere the production of this acid is 
defective, the yeast p&nt is enabled to multiply 
and cause alcoholic fermentation of the sugar 
of the food. This, of course, deprives the sugar 
of its food value and produces a quantity of gas, 
which causes discomfort and tends to stretch 
the walls of an already over-stretched stomach. 

If a solution of sugar be exposed to the air — 
and the stime is true, of course, of jam and many 
other substances containing sugar — specimens 
of these plants soon drop upon it from the 
atmosphere and undergo development. The 
essential change of alcoholic fermentation 
is the formation of ethyl alcohol and carbon 
dioxide from grape sugar. This body is a 
carbohydrate and has the formula 
The reader should write out, for practice, an 
equation representing the decomposition. He 
will find that one molecule of grape sugar 
yields tw'o molecules of ethyl alcohol and two 
molecules of carbon dioxide. 

Sources of Grape Sugar. The tech- 
nical name for grape sugar is glucose. It is by 
far the most important of all the carbohydrates, 
since it is the subject of alcoholic fermentation, 
and since it rex)resents the form in which all 
carbohydrate foods are utilised by the animal 
body. It is the characteristic sugar of grapes 
and, indeed, of fniits in general. But it is also 
obtained indirectly by transformation of other 
sugars. There is, for instance, another sugar 
with which we are most familiar, called cane 
sugar. This has to bo changed into glucose — 
involving, as we shall see later, merely the 
insertion of a little more water into its molecule — 
beff)re it can undergo alcoholic fermentation. 
It is the sugar of molasses. From fruits we 
obtain such alcoholic liquors as wines and 
brandy, while from molasses wc obtain rum. 
But there is yet another carbohydrate which 
is a very im]X)rtant source of glucose, and that 
is starch. This is abundant ly contained in such 
vegetables as potatoes and barley. It has 
the empirical formula C^-HioOg, being thus not 
very remote from grape sugar in constitution. 
A ferment called diastase has the power of 
converting starch into grajKi sugar, and various 
alcoholic drinks are thus prepared, such as 
whisky, beer, and porter. 

Alcohol and Bread. It will have 
occurred to the reader that surely alcohol must 
be produced in the making of bread, since all 
the necessary materials are present ; and this is 
so. Indeed, bread owes its rising to alcoholic 
fermentation, since it is the carbon dioxide 
thus produced that gives the bread its charac- 
teristic texture. The w^hole, or practically the 
whole, of the alcohol produced evaporates 
and is lost. Extraordinary calculations have 
been made as to the monetary value of the alcohol 
which is thus produced and lost in the course of 
the manufacture of bread. In the making of 
so-called “ aerated broad ” yeast is not em- 
ployed, and the carbon dioxide which is necessary 
in order to give the bread lightness is forced into 
it from without. 



Making Wine. The principle of the 
manufacture of wine is simply to induce 
fermentation in the juice of the grape. Tho 
necessajy yeast plant can be abundantly ob- 
tained from the skins of the grapes thcmsel v'cs. 
The process of fermentation has its own natural 
limit, and thereafter the product is nin into 
casks. In the case of effervescing wines the 
bottling is done before the process of fermentat ion 
has ceased. When the pressure of the cork is 
removed, the earbon dioxide Avhicb has aeeunui- 
lated in the course of fermentation after the 
process of bottling is permitted to e.scuj)e. 
Tho following statement of tho strength of 
various wines is compiled from the table of 
lioscoe : 


Fort (old bottled) 

20*2 

per cent 

Fort (newly bottled) 

17*4 

»» 

Mont ilia slu'rry (1S54) 

16*3 

»» 

Fine Marsala 

17*0 

•» 

Madeira . . 

. . 16*1 

ff 

Beaune 

.. 13*5 

tf 

Various hocks 

9*4 to 8*7 


Bordeaux 

6*4 to 8*7 



These estimates, of course, do not begin to 
account for the ditfenntees in flavour displayed 
by various wines. These arc diu^ in the main 
to the presence of chemical bodies of great 
variety which are known as others or compound 
ethers, and which we must discuss later. These 
are very volat ile fluids, which, in the majority of 
cases, have a very agreeable odour. They are 
mainly formed by the action of acids upon 
alcohol. 

Other Constituents of Wine. We 

have to recognise the acids of wines, therefore, 
as very important. These may bo at least 
seven in number, most of them being organic 
acids. They occur largely in comhination with 
various metals, such as potassium, sodium, 
calcium, magnesium, and iron. Tlic free acidity 
of wine.s, n^ckoned as tartaric acid, varies from 
()-2 per cent, in the best wines to tas much as 
U 7 jjer cent, in inferior wines. More than 1 per 
C(jnt. of free acid makes the wine practically 
undrinkable. The proportion of acidity in a 
large number of good wines of various kinds, 
as stated in a well-known (German table, varies 
within only very small limits. 

There are so-called wines which are not wines 
at all ; there is no real trace of tlic vino in them. 
Other wines are only in part derived from the 
grape. Many wines have alcohol added to them 
from witliout, and many more have ethers 
artificially added to them in order to produce 
cheap imitations of other wines. Many wines, 
especially French, Spanish, and Italian, are 
plastered — that is to say, have calcium sulphate 
added to tluim. The consequence is the production 
of tartrate of calcium, w'hicli is precipitated. In 
such wines the acidity is represented only by an 
acid called malic acid and not by tartaric acid 
at all. 

A complete analysis of wines shows that their 
nutritive value is practically nil, except for tho 
sugar contained in sweet wines. There is, of course, 
no reasonable proportion whatever between the 
nutritive value of wines and their cost. 


OHKMISTRY 

The distillation of wines produces brandy. 
This contains a large number of ethers and from 
35 to 45 per cent, of ethyl alcohol. 

Spirits. Besides brandy, made from the 
grape, we have to consider mm made from 
molasses, which is the residue that cannot be 
crystallised after as much cane sugar as possible 
has been crystallised from the juice of the sugar 
cane. Tho molasses are dissolved in water, yeast 
is added, and after fermentation, the product 
is distilled. The* characteristic ether of mm 
is called hutylic ether, and this spirit contains 
from 50 to 70 per cent, of ethyl alcohol. Whisky 
is obtained by distillation of beer. It contains 
from 50 to fiO per c(‘nt. of ethyl alcohol. Tho raw 
product contains a number of highly objection- 
able and poisonous substanec^s, especially fusel 
oil and furfurol. Tiesides those we have mentioned 
W(^ may note various other spirits — absolutii 
alcohol, which contains nothing but alcohol 
ex(!ept for about J per cent, of water ; rectified 
spirit, which is 90 per cent, absolute alcohol ; 
proof spirit, which contains 49 3 per cent, by 
weight of pure alcohol and 57*09 per cent, by 
volume. For Excise purposes the strength of 
alcohol in solutions is always estimated and 
stated by comparison with proof spirit. “ Twenty- 
five over proof ” describes a spirit which is such 
that 100 volumes of it diluted with twenty-fiv(^ 
volumes of water will be equivalent to £)roof 
spirit. “ Tw(‘nty-five under proof ” means 
that 100 volumes of the spirit so described 
contain seventy-five of proof spirit. Next 
comes Geneva or Hollands, which contains from 
50 to 60 per cent, of alcohol, and is flavoured 
with oil of juniper. On this ground it is supposed 
by ignorant persons to be of value in disease of 
the kidneys ; but as a matter of fact both 
the alcohol and jiinipia* are deleterious in such 
cases. 

German Spirit, Many other spirits can be 
obtained from veg(^tabl(^ sources ; arrack, for 
instance, is obtaimal from coconut or palm 
juice, and Japanese spirit from rice. M\ieh more 
important, however, is German spirit, which is 
obtained from tho potato, in consequence? of the? 
following facts. Any kind of starch when boiled 
with dilute sulphuric acid is ehangeHl into grape 
sugar. The acid acts as a ferment since it is not 
itself changed. The? addition of lime to the 
mixture separates the sulphuric acid by the 
precipitation of the insoluble sulphate of lime, 
and the glucose is left in solution. It (uin then be 
used for the manufacture of alcohol. In tho- 
roughly characteristic fashion the Germans have 
discovered, first of all, how to manure unprom- 
ising soil so that it shall yield abundant potatoes ; 
sfxjondly, how to obtain sugar and then alcohol 
from these ; and thirdly, how to obtain a market 
for the potato spirit which results. It was lately 
estimated that we pay the Germans £1,600,000 
per annum for such spirit. There is, of course, no 
reason in the world but our carelessness of science 
to prevent us from producing any quantity of 
this valuable spirit at home. 

Beer. The chief source of beer is barley. 
When the barley grain is moistened with water 
and exposed to the atmosphere it begins to 
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germinate, while its starch is largely converted flavouring matter and nothing else. This is a form 
into grape sugar, as we have already seen. The of criminal fraud which must surety attract the 

reader will \vrite for himself the equation repre- attention of the law before long. It has played 

senting this change. A constant temperature has its part in producing that lamentable increase 
to be maintained, and the consequence is that of alcoholism among women, upon which all ob- 
all the starch originally present in the grain servers are agreed, and which, if we remember the 

appears in solution as grape sugar. The temi)era- extreme importance of women in relation to the 

lure is then suddenly raised, and the young future, must be recognised as one of the gravest 

shoots of barley are killed. The grain in this menaces to the continuance of our civilisation, 
‘state is known as malt. After various further Characters of Alcohol* Pure waterless 
processes, fermentation is induced, and after or anhydrous alcohol is an inflammable fluid 
four or five days beer results. Boer conspicuously having a specific gravity of 0'8()6. It has a 
differs from wine and other alcoholic liquors in great affinity for water, and the result of this is 
having a small nutritive value. This has been that it is almost impossible to obtain it without 
very much overrated in the past and, in any this impurity, and that alcohol is one of the 
case, the proportion of its nutiitive value to most powerful dehydrating substances known, 
its co.st is ridiculously low. The proporfion of In order to remove water from it, as far as 

alcohol in various beers varies. Ihirton ale possible, many devices have been adopted, 

contains nearly (5 per cent., and Edinburgh The so-called absolute alcohol of commerce, 
ale the same amount. London porter varies which, as we have scon, is not really absolute, 

a good deal, from about r>-4 to (i'f) per cent. is obtained by the use of caustic lime or 

Lager beer, despite the general opinion that ealeitim oxide, C^aO. Small pieces of caustic 
it contains very much less alcohol, contains lime are placed in s}>irits of wine in a retort, 
.51 per cent. There arc various Ch'-rman Ix^crs, and after a few hours the alcohol can be 

however, whicli contain as littk^ as 2 per cent. distilled off, the lime having been slaked 

The German beers contain a comparatively small or converted into calcium hydrate. Absolute 
quantity of the chemical bodies which an* grouped alcohol is very mobik^ and refract ive. It has 
as extractives^ and this is an advantage, since scarcely any ap})reciable taste or smell, though 

these bodies are difficult of digestion. The other of course it stimulates the nerves of common 

important constituents of beer are, on the sensation in the mouth and so, by an abuse of 
average, as follows : Water, 90 pea* cent. ; language, it is described as having a burning 
various organic acids, OT to 0*3 percent. ; sugars, tusto. This so-called taster is really due mainly, 
to per cent. Quite an a jjpn^oi able quantity if not eritir<‘ly, to the rapid abstraction of water 
of albumen also occurs in beer, but wliat nutri- from the tissues with which the alcohol comes 
tive value it has depends mainly upon its sugar. intoeontaet. Alcohol does not conduct electricity. 

The hops used in brewing arc mainly valued At a temperature of about 100® C. Ijolow zero it 
for their flavour. Their only bearing on the becomes viscjous. In the article “Alcohol” in tlio 

chemistry of the subject is that they tend to “Eneyclop^edia Bril anniea,” written now thirty 

cheek the further fermentation called acitous, years ago, it is slated that alcohol has never 
Other Alcoholic Lriquors. There are been frozen. But that has since been accom- 

many liqueurs which arc comi>ounded from jflished at a temperature of 130® below zero, 

alcohol and aromatic ess(*noes. Some are sweet The fluidity of this .substance at low temperatures 
and others, such as vermouth, are bitter. Tiierc and its high roelfiei(*nt of ex})an.sion [see i’liYsrcsJ 
are two alcoholic products obtained from animal make it very valuable for use in thermomettu’s. 
sources, the ancient meaiU which is obtained by Alcohol and Water* The fondness of 
the fermentation of honey, and the very valuable alcohol for water is so great that wo begin to 

product koumiss^ w'hich is obtained by tlio suspect that some chemical action must be in- 

fermentation of mare’s milk, and which is often volved. This suspicion becomes practically 
tolerated by the stomach of the invalid when a certainty when we discover that the dilution of 
nothing else is of any avail. The alcoholic for- alcohol with water causes the evolution of much 
mentation of apples yields cider, which contains heat, and also, that up to a certain point the 
a good deal of sugar and, as a rule, by no means mixture of water and alcohol causes a reduc- 
80 little alcohol as is usually thought. In general, tion of the volume occupied by the two. No 
a cider is quite as strong as a beer. Perry is a doubt there is some chemical action involved, 
similar drink made from pears. and the satisfaction, or transformation of 

Alcohol in Drugs. Alcohol is also con- chemical potential energy, is expressed by the 
tained in a very large number of drugs — notably appearance of that form of kinetic energy which 
in tinctures, essences, and so on. It has lately we call heM — just as the burning of coal produces 
lx>en demonstrated that, especially in the Unitc<l heat. Sulphuric acid and water behave similarly. 
States of America, alcohol is one of the most These and many other instances make it plam 
important ingredients of patent medicines, that, as usual, we find .some reservation neces- 

Certain types of blackguards have discovered sary when we come to look more closely into the 
that they may line their pockets by increasing question of the dogmatic distinction between 
the facilities with which women especially may compounds and mixtures. The distinction is a 
become drunkards. It has been shown that real one, but Nature is continuous, and, as every- 
many so-called patent medicines may consist of where else, we find, if we look carefully enough, 
as much as 45 per cent, of alcohol with a little gradations between all her various processes. 

Oantmued 
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By J. F. G. PRICE 


IT has been assumed hitherto that all ttie 
^ expenses of the business of Smith & Jones 
are included in the trial balance shown on page 
2502, and that as they have been taken inlo con- 
sideration in making up the profit and loss 
account, we have arrived at the corn'ct amount 
of the net profit of the concern. It was, however, 
pointed out that the proprietor of a business 
with fixed assets must make allowance for de- 
creases in their values, as shown in his books 
on account of the depreciation that is continually 
going on by reason of wear and tear. It will 
be seen from the balance-sheet already given 
that there arc no fixed assets bekmging to 
the business of Smith & Jones, and there is, 
therefore, no necessity to make allowance 
for depreciation, as the stock has been carefully 
taken and valued at not more than cost. 

Book Debts. But there is an asset which 
requires examination before a definite statement 
can be made that all proper losses and oxiienses 
have been charged in the profit and loss account. 
That is the item of “Sundry Debtors,” which in 
ordinary circumstances w'ould have to be studied 
in detail in order that a conclusion might be 
formed as to whether any of the debtors are 
likely to fail to meet their obligations. In the 
present case the debtors are only three in 
number and the examination is a simple matter. 
In large undertakings, however, where th<*re 
may be hundreds or thousands of debtors, 
the scrutiny of all the accounts and their 
consideration by the manager or proprietor 
would be a work of much labour and, even 
if carried out conscientiously, would probably 
end in a misleading result being obtained. 

* Reserve for Doubtful Debts. Another 
method is therefore adopted in order that 
proper provision may be made for the prob- 
a>)ility that some of the debtors will not pay 
the amount due from them. We have seen 
how a trader deals with an ascertained loss 
under this head by writing off the amount to 
the profit and loss account through a sub-account 
known as the Bod Debts Account. Past ex- 
perience has told him that a certain pro|>ortion 
of his debtors fail to pay. and that although 
he has debts on his books amounting to £2,(K)0, 
he cannot expect to receive every penny of that 
amount. An examination of his books for past 
years shows that the bad debts actually incurred 
and written off form a percentage at a fairly 
constant rate of the debts outstanding at the 
time of the last balance-sheet ; and upon the 
figures of several years he is in a position to form 
an opinion as to how much should be allowed 
for probable loss on the debts now owing. 
He cannot point to any particular account 
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as being bad; if he could he Avould at once write 
it off as a loss. But although he cannot do this, 
he knows that somewhere there arc debtors w^ho, 
from a variety of causes, will not discharge 
their indebtedness. To meet this contingency 
lie decides to reserve an amount out of his appar- 
ent profits, and an allow^anco of what is deemed 
suflieient is accordingly made and debited 
to the profit and loss account. But tlie question 
then arises : Whirh aec^oiint is to be credited ? 
It would he both impracticable and incorrt^ct 
to credit each debtor with a proportion. 

Opening the Reserve Account. An 

account is therefore specially o]X'ncd which is 
credited by the amount it has been decided 
to reserve. This account is generally entitled 
“ Reserve for Bad and Doubtful Debts,” and, 
as a rule, it is allowed to stand in the ledger as 
ii credit balance throughout the year ; bad debts 
which are definitely ascertained in the mean- 
time being debited to the bad debts account. 
At the time of balancing the books the debit 
balance on the bad debts account is tran8f(‘rred 
to the reserve account, and a calculation is 
made to provide a fresh reserve against the 
debts now outstanding. In doing this, regard 
must b(5 paid to any balance remaining on the 
reserve account after charging the bad debts, 
or for any excess of bad debts over the reserve 
set aside the previous year. TVieso two contin- 
gencies are best ilhistratefl by examples. 

On 31st December, 1903, William Brown had 
book debts due to him amounting to £5,0fK), 
and he decided to make a nsRcrve of 5 per cent, 
on that amount to meet possible losses. On 
31st December, 1904, he found that his bad 
debts actually incurred during the year amounted 
to £200, while he had now book debts of the value 
of £5,500. He decided to set aside a reserve of 
5 per cent, on this amount. During 1905 his 
losses by bad debts came to £300, w hile on Slst 
December of that year his debts outstanding 
w'ere £(>,000. He decided to make a reserve at 
the same rate as in the two previous years. 
The table given on the following page would l)e 
his reserve account. 

A reserve of a similar nature is somclimes 
made for discounts which will have to be allowed 
to debtors. The process is exactly the same 
as in the case of bad debts, and need not there- 
fore be explained in detail. The amount 
standing to the credit of the reserve account 
would, in the absence of special circumstances, 
be shown on the liabilities side of the balance- 
sheet, but it is the practice not to show a 
reserve for a specific purpose in this way but to 
deduct it from the particular asset in respect 
of which it has been created. For this reason 
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Dr. RESERVE FOR BAD AND DOUBTFUL DEBTS Or. 
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reservt'H for l>jul debts and discounts are deducted 
from tlic amount of tlie sundry debtors. 

Outstanding Liabilities. There is yet 
a further point to bo borne in mind in 
making up a profit and loss account. The books 
record only the transactions which have taken 
place, and wo should find nothing in them of 
liabilities which become due automatically, 
such as rent, rates and taxes, until payments in 
rcispeet of these matters were actually made. 
It is, therefore, wry necessary at balancing 
time to make sure that all outstanding charges 
which affect the profit and loss account are 
taken into consideration before arriving at the 
final balance available for the proprietor. The 
majority of business houses have their books 
made up to the end of the months of March, 
June, September, or December ; and it may 
safely bo asserted that there is something 
unpaid in the nature of expenses, the liability 
for which has not yet been recorded. 

An instance that immediatt^ly presents itself 
is rent, which becomes due on the usual quarter 
days, but which is frequently not paid for two 
or three weeks. The result would be that a 
trader making up his books to December 31st 
would find charged in his rent account only 
the amounts paid for Lady -Day, Midsummer, 
and Michaelmas quarters. 

Taxes and Wages. Similarly, taxes are 
not payable until January Ist in each year ; but 
as they cover the period from April Oth in one 
year to April 5th in the next, it is clear that 
any profit and loss account covering a year to 
December 31st must make allowance for the 
proportion of the charge falling against that 
year. The same considerations appl> to rates 
which arc either accruing or overdue but unpaid. 

In a large manufacturing concern ^another 
item of considiirable importance is wages. 
There are many undertakings in which the 
weekly wages bill considerably exceeds £1,000. 
The wages are made up to either Thursday or 
Friday evening and paid on the latter day or 
on Saturday. But if December 31st falls on 
Wednesday, the wages for the previous four or 
five days wli.'oh have become due, and may 
amount to £1,000, are not recorded in the 
books, and must be taken into account in 
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arriving at fhc tiuc prntit.s of the business for 
the period to December 31st. 

Suspense Accounts. In order to bring 
the.se mat tors into the books the amounts 
oiifsfanding an*, if necessary, appoitioned 
botwcMMi the period for which fhc acjcoimts are 
being ])r(‘par(‘d and the rtunainder of the time 
covered by the t‘xpense, wluitever it may be, 
and a cluirge made in the profit and loss account 
in respect of the liability. In this case, as in 
that of the reserve for bad debts, it is not 
possibh? to er(‘dit each workman or rate collector 
with the amount due to him, so an account is 
opened and er(‘ditc‘d with the apportioned 
amount of the expenses. This account is shown 
on the liabilities side of the balance-sheet and 
is extinguished in the books as payments are 
made in th(‘ following })eiiod by being debited 
with the amounts so paid. 

Payments in Advance. It sometimes 
happens that payments have been made during 
a* financial year, part of which are properly 
ehargeal>le against the following peiiod. For 
example, insurance is usually paid once a year. 
In a large factory, fire and employers’ liability 
insurance are not ineonsidtTable items, and 
if they are paid on September 29th by a manu- 
facturer who has hi.s accounts made up to 
December 31st, the year to the latter date will 
be bearing an unfair share of the burden if an 
adjustment is not made by which the following 
year w’ill be made to bear that part of the jex- 
pense of which it receives the benefit. In 
order to correct this a part of the expenditure — 
in the Ctase above instanced, three-quarters 
of the premiums — will he carried forward on 
the debit side of an “ Insurance Suspense 
Account,” and will appear on the balance-sheet 
on the assets side under the head of “ Insurance 
paid in advance.” Likewise, any rates or other 
charges, part gf which belong to the following 
year, should be apportioned and carried forward. 

Reserve Fund. The reserve and sus- 
pense accounts explained so far have been in 
respect of specific matters outstanding at the 
time of balancing the books, which must be 
taken into consideration in arriving at the 
amount of the true net profit. There is, how- 
ever, a reserve of a different nature which is 
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W frequently seen in the balance-sheets of under- 
takings, principally limited companies. It is 
generally termed a reserve fundy and its treat- 
ment has afforded a fruitful theme for dis- 
cussion among accountants. The great 
difference between the account representing 
the reserve fund and the kind of reserve account 
already dealt with is that it was necessary to 
create the latter by a charge against the profit 
and loss account, in order to ascertain the 
actual divisible profit available for the pro- 
prietors, while the former is brought into 
existence after that result has been obtained, 
and is, in fact, a part of the net profits. This 
difference is vital and the position may be 
tummed up by saying that the reserve accounts 
in respect of specific assets are created to meet 
losses and expenses which it is known will be 
incurred in the future, while t,he reserve fund 
is a setting aside of net profits to meet possible 
losses of which the proprietor has no knowledge 
at the time but which, it is conceivable, may 
arise. The reserve fund usually found in balance- 
sheets is wheat is known as a general reserve — 
that is, it has been set aside out of profits, not 
for a specific purpose, but generally to meet 
contingencies. In the vast majority of cases 
there is no special investment of the fund, 
and care is seldom taken even to ensure that 
there arc liquid assets readily available in ease 
of necessity. 

Investment of Reserve Fund. There 
is considerable difference of opinion whether 
a reserve fund, in order to deserve that name, 
should be separately invested and represented 
by specific a8.sets, or if it is sufficient to 
merely make a book entry debiting the net profit 
and crediting a reserve fund account. The 
decision depends to .some extent upon the nature 
of the business. In the case of banks, insurance 
companies, and similar undertakings, where a 
reserve fund is created largely for the purpose of 
meeting any shrinkage of value in the seouritii's 
forming a considerable proportion of the a.ssets, 
the desirability of spi^cially investing the reserve 
is generally conceded ; in trading concerns, 
hpwever, other considerations aiiply, and the 
question is one that must be decided by the 
proprietors, having regard to the requirements 
of the particular business. One cause which 
is held to justify the non- investment of the 
fund is that the undertaking requires more 
working capital than would be left in the 
business if the profits were divided up to the 
hilt, or taken out of the business and separately 
invested ; while another justification may bo 
said to exist in the case of a business paying 
4 or 5 per cent, on borrowed money, where it 
would be .bad policy to invest part of the profits 
in Consols or other gilt-edged securities paying 
only 2^ to 3 per cent. Even if the reserve fund 
be left in the business, it is of course a source of 
strength, for it represents an excess of assets 
over liabilities and proprietors’ capital ; but to 
be reserve in the true sense of the term there 
should be liquid assets — i.e., assets easily realis- 
able — oven if they are used in the business — 
readily available to meet an emergency. 
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The Two Views. The two points of 
view can bo brought before the student in a 
simple manner by means of an illustration. 

T. White takes a lease of some business 
premises for seven years, with the option of 
renewing for a further seven or fourteen yeais, 
and spends £420 upon altering them to suit his 
requirements. He does not charge this amount 
to his profit and loss account, for it is not an 
expense that can lx? fairly debited against the? 
profits of a single year. If it is to be written off 
completely, it will be reasonable to spread the 
expense over the time during which he will 
occupy the premises. But hero another con- 
sideration arises. Ho cannot yet tell whether 
he w'ill wish to continue his tenancy after tin? 
expiration of the first seven years. J f ho decided 
to do so, he would sfill be able to enjoy the 
benefit of his improv(?ments. The vahu? of the 
premises will, naturally, be docroasiiig during 
the seven years by the ordinary process of wear 
and tear, but that is merely depreciation, and 
not the entire loss of the asset. There is, tht!ro- 
fore, an element of uncertainty in the matter ; 
and in order to make provision for the possibility 
of giving up his shop at the expiration of the 
first term of seven years, ho has to devise means 
so that by the end of that period his books will 
not show him to be possessed of an assc‘t which 
may then cease to exist, without providing for 
sucli a contingency. 

Ho estimates that at the end of scvim years 
the value of the promises will be reduced by wear 
and tear and eflluxion of time to £280, and it 
will t herefore be necessary to treat as an absolute 
loss £140 of the outlay. This he does by debiting 
profit and loss account with £20 depreciation 
each year and crediting the “ Business Premisi's 
Account.” By this means the premises will 
stand in the books at their actual value at the 
end of tho time, subject to liis deciding to r(‘tain 
po.ssession. 

But, as has already been said, he may give 
them up. In view of this fact he has, during 
the term, of tho lease, charged against his net 
profits such a sum as would equal tlio book 
value of the asset by the end of the seven years — 
viz.y £40 per annum. This amount he has 
carried to the credit of a reserve fund account, 
and if at the end of the first port ion of his lea.se 
he surrenders tho premises, tho accumulated 
amount will be transferred to the business 
premises account, and so extinguish the a.s.sot 
in tho books by tho time it ceases to be valuable. 
As a result of these entries, the busine.ss premises 
and reserve fund accounts will appear in tin? 
books as shown on next page. 

Under this method, not hing was done Ix'yond 
making the book entries. White did not take 
£40 of his cash each year and invest it in Consols 
or other securities in order to have an amount 
available at tho end of seven years towards 
acquiring other premises if he found his present 
shop unsuitable. But he might have considered 
such a course desirable, and in that case he would 
have opened a “ Reserve Fund Investment 
Account,” which would bo debited eacih year 
with tho amount invested in the particular 
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security he decided to purchase, cash being claimed are that exceptional losses, and losses 

credited, of course, by the amount withdrawn, on legitimate trading, may be borne without the 

Dividends or interest accruing due on the invest- profit and loss account of the year in which they 
ment, would be received in cash, and credited are incurred having to suffer the whole loss, 

to the profit and loss account. At the end of The better course is undoubtedly the gradual 

seven years the investment account would have creation of a strong reserve fund by openly 
been debited with £ 280 , and would represent setting aside profits out of which any losses of the 

the investment of the reserve fund account, nature indicated could be met as occasion arose, 

which appears as a credit on the other side of Sinking Funds. A sinking fund is a fund 
the ledger. Tf the premises arc givtui up, as created by setting aside periodically fixed sums 

assumed above, and the balance on the business of money with the intention that at the end 

premises account written off against the rcs(‘rv'e of a given time tlit^ instalments shall, with accu- 
fund account, the balance on the investment mulations of interest, amount to a certain sum 

account will reprcs(*nt White's asset in place of which will then be recjuired for a specific purpose, 

the premises. The point Avhieh distinguishes a sinking fund 









Borrowed Money, Tlie repayment of 
borrowed money is a factor which has to be 
provided for by a limited company which lias 
issued debentures. The characteristics of deben- 
tures will be explained later, when dealing with 
the accounts of limited companies, and as the 
student may not bo aware of the different 
circumstances under which they are issued, the 
case of a sinking fund to replace a specific asset 
will be dealt with now rather than one relating 
to debentures. 

The first stop to take is to decide, either by 
calculation or by reference to published tables, 
the amount necessary to be set aside and in- 
vested each year, so that, allowing for intc;rost 
on the investment at a certain rate, the sum 
accumulated will reach the amount required 
by the time it is needed. Having fixed the 
amount, the process is the same, with one 
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the old is worn out. In the ordinary course of 
events there will not be a surplus of £5,000 in 
the bank above the current requirements of 
the business, and the proprietor decides to raises 
a fund during the life of the present machinery 
out of which the new machinery can bo purchased 
when it is required. It is found that the amount 
required to bo set asides each year in ord(ir to do 
this, after allowing for aciaimulatioiis of interest 
in the meantime at 3 per cent., is £18() Is. 7d. 

The entries necessary in the books will be, lirst, 
a debit to profit and loss account, and a credit 
to the machinery ac^count, of tlie instalment. 
A corresponding amount of cash will then be 
taken from the bank and invested in the purchase 
of the stock chosen for the piirpo-se of the sinking 
fund investment. This will neeessitatc a debit 
to the .sinking fund invest inent account and a 
credit to the bank. 


Dr. SINKING FUND INVTCSTMENT ACCOUNT FOR MACHINERY Or. 
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exception, as that adopted with regard to the 
investment of the reserve fund. Tlie one ex- 
ception is that interest on the investment, in- 
stead of being credited to profit and loss account, 
is added to the amount of the investment, which 
is therefore accumulating at compound interest 
during the building up of the fund. 

Sinking Fund for Wasting Asset. 
Wo will suppose that a system of machinery 
has been installed in a factory at a cost 
of £5,000, and that it is anticipated that its 
working power will be exhausted, notwithstand- 
ing* repairs in the meantime, at the end of 20 
years. It is intended that the business shall be 
continued after that time, and it will therefore 
be necessary to put in a new lot of machinery when 


At the end of the year, when the interest on 
the stock has become due, the investment 
account is debited with the amount, which is 
allowed to remain, and itself earn interest, while 
the machinery account is credited. At the same 
time another instalment of £18(5 Is. 7d. is taken 
out of cash and invested, entries being made 
similar in all respects to those at tlio beginning. 
The accompanying tables show the entries on 
the investment and machinery accounts for the 
first three years. 

This process is continued each year until, at 
the end of 20 years, the fund has grown to the 
amount required — tnz. £5,000. The investment 
is then sold, and the proceeds used for purchasing 
the new machinery. 


Continued 
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By Professor HENRY ADAMS 


Need for Opening Bridges. When 
a navigable waterway passes between steep 
banks, it is possible to build a fixed bridge high 
enough for vessels to pass under without lowering 
their masts, as in siiveral of the ease's of large 
span bridges that have alrt^ady been mentioned ; 
but tliere are many more eases where the bridge 
has to be fixed at so low a h'vel that some 
portion of it must be made to open, although it is 
})ossiblo to build steamships of 2,000 tons burthen 
to pass through the small and low arches of an 
ordinary river bridge ; for examjile, sevt;ral screw 
colliers were built to pass up the "rhames through 
the small arches of the old Vauxhall Bridge, 
where the clearance remaining all round was only 
measured by imdies. An interesting example 
occurs at Newcastle-on-Tyne, where a noted 
high-level road bridge crosses between the banks 
with a railway track above it, and close alongside 
a low-level bridge connects the lower parts of 
(iateshead and Newcastle. When the Elswick 
Works, founded by Lord Armstrong, began to 
furnish the large ironclads with tlieir powc'rful 
armament, it was found that the old low-level 
fixed bridge prevented the battleships from 
passing up the Tyne to the Elswick Works to 
receive their complement of big guns, and 
a new low-level bridge was erected in 1876, with 
an opening span, in the form of a swing bridge 
giving two passages each of 110 ft. clear width, 
and when closed, forming a roadw’ay 50 ft. wide 
from shore to shore. 

Ancient Drawbridges. There arc 
several different types of movable bridges, the 
oldest of which is the so-called drawbridge span- 
ning the castle moat of feudal times. This was a 
planked roadway lifted by chains attached to 
the outer end, and working on a horizontal shaft 
near the portcullis of the entrance to the castle. 
This would now be called a bascule bridge, and 
was the progenitor of various modifications of 
which the Tower Bridge, over the Thames at 
J-ondon, is the most prominent example. 

The Tower Bridge, London. The 
Tower Bridge [31] is a combination of a bascule 
bridge with two suspension bridges. It consists 
of a central span of 200 ft., in two half spans, 
lifting on axles at the base of the towers, the 
movement of each being effected by a pinion 
rotated by a steam engine and working into a 
quadrant rack attached to the pier end of each 
leaf. The towers are tied together at the top 
by a straight footway, and they support on the 
shore sides two suspended spans of 270 ft. each. 
The “ chains ” are, in this case, really braced 
girders made with a suitable curve in 
two portions. The towers are essentially steel- 
fr^^ structures clothed with stonework, for 
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architectural effect. The totAl height of the 
towers, measured from the level of the founda- 
tions, is 20.3 ft. For the construction of the 
bridge, about 235,000 cub. ft. of granite and other 
.stone, 20,000 tons of cement, 70,000 cub. yd. 
of concrete, 31,000,000 bricks, and 14,000 tons 
of iron and steel were used. 

Bascule Bridges. The essential feature 
of the bascule bridge is the turning upon a hori- 
zontal axis as above described, the lifting being 
seldom effected by chains. Smaller bridges on 
the same principle have been erected at the 
Bristol Docks, at Deptford Creek, and elsewhere. 
One great difficulty bascule bridges have to con- 
tend with is the wind, whicli. wliile tending to pre- 
vent one leaf from being opened, may expedite 
the opening of the cither side to a dangc'ious 
degree, unlc'ss provision has been made to 
counteract it. In the case of the 'Power Bridge, 
a wind pressure of 56 lb. per sq. in. was allowed 
for, and as an average high wind docs not reach 
more than about 22 lb. per sq. in., there is an 
ample margin for safety. An illustration of a 
small bascule bridge ill leaves of about 60 ft. total 
.span is given in 32. This is worked by manual 
power. 

Rolling Bridges. A modiiication of the 
bascule bridge is found in the rolling bridges, 
such as the Sclu'rzer Rolling Lift Bridge over the 
(kiyahoga River, (^eveband, Ohio, of 160 ft., 
span, double track [33J. A sketch of one leaf 
of a bridge upon the same principle is showm open 
in 34. In this form, a pure rolling motion is 
.substituted for the axle frii^iioii of the earlier 
bascules, and it also has advantages over the 
more commonly used swjng bridge, which 
requires a free horizontal space equal to its 
radius in which to swing. 

Swing Bridges. A swing bridge is one 
turning about a vertical axis, and is the usual 
form of movable bridge over a dock entrance. 
Tile earlier swing bridges were worked by hand 
power, turning upon a central pivot and resting 
upon rollers after the fashion of a railway turn- 
table. When the dock entrances were increased 
in width to suit the larger ships that were built, 
hand power w’as insufficient to work the swing 
bridges, and hydraulic power took its place, the 
weight to be moved increasing to five or six 
times the original amount. In order to econo- 
mise the space required for swinging, the tail end 
was made short and loaded with kentledge, and 
various ingenious details were adapted to reduce 
friction and facilitate the working. The centre 
pivot became a hydraulic press of sufficient 
power to lift the whole weight of the bridge off 
the resting blocks, and a rack was bolted to the 
tail end into w'hich was geared a pinion worked 
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l>y a liydraulic engine act uati'd by a pressiin* of 
7(K) 11). per sq. in. An inverted roller path was 
employed in somt' cases for the tail end rollers to 
work upon, so that the bridge should have* no 
ehanee of tilting into the dock while opening or 
closing. Some of the hand-power bridges swing 
in two leaves, to reduce the weight to be moved 
by each capstan ; but when hydraulic power was 
used, a single leaf was always adopted. The 
swing bridge carrying the roadway over the 80 ft. 
entrance of the Mill wall Docks, erected under 
the sujiervision of the writer as assistant out 
door manager to l^rd Armstrong’s firm, had a 
length of 150 ft. and width of 45 ft., and weighed 
about 5lX) tons. The largest opening given by a 
swing bridge appears to be on the Pen fold River, 
at Brest. The bridge is built in two leaves, 
each 286 ft. long, and spans a clear waterway of 
350 ft. 6 in. The longest swing bridge is one 
over the Raritan River, New Jersey [ 35 ], being 
double-ended, 472 ft. long, swinging on a central 
pier, and providing an opening on each side of 
216 ft. clear. 

Stresses in Opening Bridges. It 

should be observed that a remarkable duplica- 
tion of stresses occurs in all movable bridges. 
When closed they rest upon end supports so that 
they are in the condition of an ordinary girder 
supported at the ends with the upper portion 
in compression and the lower in tension. When, 
however, the bridge is opened, whether it is a 
bascule, or swing bridge, or the modem form 
of drawbridge, it is in the condition of a canti- 
lever and the stresses are reversed. This 
reversal of stress necessitates a higher factor of 
safety being allowed, or, what is the same thing, 
a smaller working intensity of stress, and such 
bridges are therefore comparatively heavier 
than fixed bridges of the same span. 

Assuming .he bridge to 1^ required to 
span the &) ft. or 80 ft. entrance lock of a 
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dock basin, ihe total length of the bridge 
will average twice the width of entrance; but 
this depends partly upon the width of the 
bridge* and whether a passage or gangway must 
he left outside the bridge, when open, for 
waj'ping the ships in and out of the dock. The 
centre pivot would be on a liydraulic lifting 
press, the position being found thus, bearing at 
nose end 2 ft. 6 in. -h width of entrance -f gang- 
way (if any) half width of bridge distance 
from point of bridge to centre of press. The 
nidius to centre of tail roller path = centre of 
press to tail end - 2 ft. 6 in. ; the tail end must 
not be less than half tl»e limgth of nose (>nd as an 
extreme ditfereiiee. The outline of a bridge 
for a 60 ft. lock, having a roadway only and being 
16 ft. wide over all, to leave a 3 ft. gangway 
when open is shown in 36 , and a similar bridge 
with a footway on each side making a width 
of 32 ft. 6 in. over all, and not requiring a gang- 
way left, is shown in 87. 

Drawbridges. Modern drawbridges, or 
traversing bridges, are pulled back horizontally 
by powerful machinery placed in a pit below the 
road level to leave an open waterway ; such a 
bridge was erected under the writer s supervision 
at the Mill wall Docks, London, over the entrance 
to the inner dock. In place of the central 
pivot of a swing bridge to lift it off the blocks, 
thc‘re is a hydraulic cylinder near the edge of 
the dock under each main girder, and horizontal 
hydraulic cylinders and rams with chains and 
multiplying sheaves to'haul the bridge backwards* 
and forwaMs. To guide the bridge to its exact 
position in closing, a projecting horn was fixed 
underneath the nose of the bridge, which entered 
a groove with a sloping bottom on the further 
coping, and a very curious phenomenon occurred 
in connection with this soon after the bridge was 
completed. Upon attempting to close the bridge 
one afternoon it was found that the horn was 
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too low to enter the groove, and a long time 
elapsed before the closing could be effected. 
The next time the bridge was used it entered all 
right, but again on one occjxsion it was too low. 
The engineer in charge considered the matter 
anfl ,came to the conclusion that the sun acting 
upon the dark pvinted bridge luvd caust^d a 
greater expansion in the top flanges of the girders 
tlian in the bottom flanges, and this had bowed 
the bridge downwards ; he th('refore had the 
bridge painted .white, and the trouble imme- 
diately disappeared. 

Lifting Bridges. Bascule bridges are 
sometimes called lift hridgen, but the term 
properly belongs to those lifted bodily, of which, 
liowcver, there arc not many, and they are all 
of small span. There is one on the Grand 
Hiirrey Canal, in South hondon, which is lifted 
by hand-power gearing to allow barges to pass 
\inder. 

Pontoon Bridges. Anotlif*r form of 
bridge is the military pontoon system, and its 
alliecl type, the bridge of boats. These are only 
of a temporary nature, and hardly within the 
scope of this artiek', but they deserve to be 
mentioned as there is a larges permanent bridge 
based upon the floating pontoon principle over 
tlie River Hooghly at ('aleutta. Another form 
of pontoon is the caisson, either rectangular or 
boat-shape, used to close the mouth of a 
graving dock, or dry dock. Jt is floated into 
position, and then 
water is admitted 1o 
the interior to sink 
it; the pressure of 
the water in the 
outer dock when 
the graving dock is 
pumped dry keeps 
it in position. When 
if. is desired to re- 
move th(' caisson, 
water is admitted 
to the graving dock 
through the sluices ; 
the water in the 
(•ai.sson is then 
pumped out, allow- 
ing it to float so that 
it can be removed. 

T ransporter 
Bridges. A new 
system of transit across rivers has recently been 
ilevelopcd to which the name of transporter 
bridgfis has been given. I'he transporter bridge 
across the Mersey [38] forms a most useful 
connection between the towns of Widnes and 
Runcorn. It is in design precisely similar to an 
i>rdinary stiffened suspension bridge, with the 
I'xeeption that the approaches to the bridge are 
it a low level — thus dispensing with the very 
costly high level approaches — and the traffic, 
both foot and wheel, is carried over in a car 
mspended to the under side of the bridge, and 
is worked electrically. The transporter car 


ropes, hung so that they prevent both side and 
end oscillation of the car. It is capable of hold- 
ing at one time four two-horse farmers’ waggons 
loaded and fl(X) passengers, the latter being 
protected from the weather by a glazed sheltt^r 
with folding doors at the end and side. On 
the top of the car is fixed the operator’s cabin, 
in which is placed the switchboard, so that the 
ojwrafor has a full view of the course and has 
the car (juito at his command. The time 
occujiied by the ear in crossing is about 2| 
minutes ; so, allowing the time for loading ana 
unloading, it is eapable of making about nine 
or ten trips per hour. Tin? bottom of the ear 
is about 12 ft. above high-water lev<*l, and clears 
the Ship Canal wall by about 4 ft. fl in. The 
transporter is carried from the lower flanges 
of the stiffening girders, on whi(4i are fixed the 
rails upon whicli runs the trolley, from whieh is 
suspended the car. The trolley is about 77 ft. 
long, and is (carried l>y Ifl vvlieeJs on eaclj rail. 
It is propelled by two c*leeirie motors of about 
B.H.P. each, a large (‘xcess of propelling power 
lM‘ing pi‘ovidt‘d, partly for economy of working 
and principally to be ready for any tunergency of 
strong bead winds with heavy load. 4’he meflors 
are fixed to a kind of bogie arrungenient in the 
trolley, so that in the ease of large curvature of 
the bottom boom of the) stiffening girders, due 
to either tem}>eratiire or load, the elriving wheels 
would be certain to bear hard on the rails. 



consists of a platform 55 ft. long by 54 ft. wide, 
)1& 
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The battery consists of 245 cells of “ Chloride 
Accumulator,” S. G. 3 type, arranged in glass 
boxes, and is capable of giving fit) amperes for 
one hour or 1,50 amperes momentarily. Bet ween 
jilates of opposite polarity is a thin sheet of 
wood held in position by wood dowels resting 
on t he bottom of the box. This method of separa- 
tion eliminates all possibility of short circuits 
between the plates and reduces to a minimum the 
amount of attention required by the cells. 

Mr. J. J. Webster, of Westminster, and Mr. 
J. T. Wood, of Liverpool, were the consulting 
engineers for the whole work, the electrica 


iipment beii _ 

ind is suspended from the trolley by steel wire and Platt, of Manchester. 


equipment being carried out by Messrs. Mather 
and Plai 

Bridges cmieladed 
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By HERBERT J. ALLPORT* M.A. 


FACTORS— continued 

63. We shall now work a few miscellaneous 
examples in factors. 

Example 1. Find the factors of 
(.^2 + r>.ry^ - 8 + 5a;) - 84. 

This is equivalent to i/'* - 8?/ - 84, if we suppose 
5a; to equal y. The factors of tlie latter 
cxiiression are (y h 6) (y - 14). 
f fence, wo have 

■{- r)a )2 - 8 {x^ -f 5a:) - 84 
.-.(a;-^-|-.5a;-h6)(a;‘^+5.r-14) 

~ (a; -I- 2) (x + 8) (a; -I- 7) {x - 2) Am, 
Example 2. Put into factors 

{x 4- 8) (x + 4) (x -I- 6) (a: + 7) - 40. 

This is easily reduced to the form of Ex. 1. 
For we notice that (x -I- 8) {x 4- 7) gives x' 4* 10a; 
4- 21, and {x 4* 4) (jc 4- 0) gives x* + 10a; h 24, 
so that each jirodiict contains the terms x^ 4- 10a;. 
We therefore treat x^ j- 10a; as if it were a single 
term, y. Thus 

(a; 4- 8) (a; 4' 4) (a; I- 6) (a; + 7) - 40 
— Ca;2't- 10a; f 21) (a;'^4 10a; 4- 24) -40 
= (a;^ + lOa;)'-* 4- 45 (a:^ 4- 10a;) + 504 - 40 
[since (i/4' 21) (y + 24) y^-\- 45«/-h 504] 

rr: (x^ + 1i()xY 4- 45'(a;‘-J + JOa;) 4- 404 
= (x*^+ 10a; 4- IG) (a;2 4- 10a; 4- 29) [See Ex. 1] 
= (x 4“ 2) {x H 8) {x'^ 4- lOa; + 29) ns, 
Exanqile 3. Find the factors of 

(if 4 z) (;; 4- a;) (x I- y) 4- xyz. 

The product of {x -j- y) and (a; f s) is 
•r'-i f- (;/4- *) *+ yz. 

Hence, the given expression 

('/ ^’ -) -i- (y 4- ;;) a; + yz} 4- xyz 

~ X’- (i/ -1- z) 4- X (j/ -f- s)- 4- 7/2 ilf 4- z) 4- xyz. 
^J’he first two of those expressions eon tain a 
common factor x (y 4- z), and tlie last two con- 
tain a common factor yz, so that we proceed as 
in Art.. 55 and obtain 

X (y 4- z) {x 4- (7/ 4- s)} 4- yz {(?/ -f ;:) 4- a;} 

X (y + z) (x-h y 4- z) 4- yz (a; 4- 7/4- z) 

=■-= (a; 4- 7/ 4- z) {x ( 1 / -f- 2) + yz) 

~ (x+ y-h z) (yz 4- zar 4- xy) Am. 

Example 4. Find the factors of 

(?/ -2)4- (z - x) 4- z^ (a; - 7/). 

Arrange the given expression in powers of a?, 
and we get 

(V -z)-x (\/ - 4- yh - 7/2*-^ 
or 

x^(y-z)'-x(y-z) (♦/4' z)4- yz(y-z). 

It is now evident that [y - z) is a factor of the 
expression. Thus, we have 

(.y-2){a;3-a;(y4- 2)4- 2/2} 

-.(y^z) (X’-y) (ar-z) Am, 


64. Rational Integral Expression. A 

result which is of great use in finding factors 
is that known as the Remainder Theorem. 

Before enunciating the theorem we must 
define ‘ * a rational integral expression. " 

An expression is said to be integral when it 
does not contain a Utter in the denominator of 
any term. It is said to be inteyral with respect 
to any jm’ticiilar letter when it does nob contain 
that letter in the denominator of any term. 

Tims, ^ is integral with respect to x. 

An expression is rational wlien none of its 
terms contain scpiarc or otlier roots. 

The Remainder Theorem. If an 
expression wliich is integral with respect to a;, 
an<l rational, Vie divided by x-a, the remainder 
is equal to the result obtained by substituting 
a for X in tlic exjiression. 

For the sake of shortness we sliall use the 
symbol Sr to denote the exju’ession which is 
rational and integral with resjiect to x. Thus, 
Sr may stand for some sucli expression as 

- 7a;^ -1- 9. Tlien the symbol S« will stand 
for tlie result obtained by substituting a for x 
in this expression — i,e,, for 9. 

Next, suppose wo divide the expression S^ by 
x-ii. The remainder, if there lie one, will be 
of a lower degree than the divisor — i.e., the. 
remainder will not contain x. Suppose we 
denote the quotient by Q, and the remainder 
by R. Then, since 

Dividend = Quotient x Divisor 4- Remainder, 
we have 

Sv - Q (a; - a) 4- R . . . (i.). 

Tliis result is true whatever bo the value of x. 
It will therefore be true when a? equals a, lint, 
when X — a, the factor a; - a equals 0, and 
therefore the product Q (x - a) equals 0. Also, 
since R does not coniain x, it is unaltered by sub- 
stituting a for a;. Thus, the result (i.) becomes 
S«-R; 

that is, the remainder is equal to the result 
obtained by substituting a for a? in tlie given 
expression . 

65. Again, if a; - a is a factor of the expression 
S^, there will be no remainder when we divide 
Sjr by x-a, i.e., R— (), and, therefore, S<,= 0. 

Hence, if, when a is substituted for x in an 
expi'ession which is rational a7id inteyral with 
respect to x, the result is zero, then ar — a is a factor 
of the. expression. 

Example 1. Resolve - 3x^ - 13a; 4- 15 into 
factors. 

If we substitute 1 for x in this expression, we 
obtain 1 - 3 - 13 4- 15, which equals 0. Hence 
it follows that a? - 1 is a faefbr of the expression. 
By %ptual division we can find the other factor, 
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bub a bettor method is as follows. Hcitietiiber 
that our object is to find by what a: - 1 must be 
multiplied in order to obtain x' - + 15. 

Clearly, if we multiply a; - 1 by we obtiiin the 
term ar^, but we also obbiin - x^. Wo, th(;refore, 
still require - 2x^ - 13a,- 4* 15. In a similar way, 
if we multiply a: - 1 by - 2a: wo obt/iin the 
necessary - 2a:-, but wc also get 2.r. To make 
this agree with the given expri'ssion requires 
-15.r + 15, - 15 (a: - 1). Thus, we seo 

that 

a^’ - 3a:'-^ - 13.r -l- 15 

- a:- (a; - 1) - 2.r (a: - 1) - 15 (a: - 1), 

and that a; - 1 is a factor is ik)W evident, 
the expression being 
= (a: - 1) (.r-- 2;c- 15), whicli, by Art. 67, 

— (a: - 1) (a; + 3) (x ~ 5). 

Example 2. Resolve ar* ~ ~ 14a: ~ 12 into 

factors. 

In tliiscasc the result is not zero when we 
put X 1, or when w't*. pul, a: — 2, or when 
a; “ - 1. But, if we try a; -- 2, we obtain 
-8-8 h 28-12, whicli is equal to 0. Hence 
a: - ( - 2), i.e., a; 4- 2 is a factor. The rest of the 
process is the same as in Example 1. U'hus 
VJ _ oyi — 1 4r — 1 2 

= 3^2 (^+ 2)-4.r (a:4- 2)-6(a;4- 2) 

= (x + 2) (x2 - 4x - 6) Ann. 

Note that it is useless to substitute values of 
X which are not factors of 12. For, if x - « 
divides - 2x*- - 14.r - 12, it is clear that a must 
divide the term 12. 

Similarly, in Example 1, we only need try 
factors of 15, i.e*., 1, 3, 5, 15, or the same values 
with negative signs. 

EXAMPLES 18 

Resolve into factors 

1. (x2 4- 2a-)- - 11 (x- I 2x) 24. 

2. (x+ 1) (x+ 2) (x-f 3) {X4- 4)-48. 

8. (x + 2) (x + 4) (X 4- 5) (x 4- 7) + 8. 

4. x^ (y ~ 2 ) + y* (2 - ’^) +*2:'' (•i'’ - y)- 

5. (6-c)‘'4- (c'-«)'H' (a-hy. 

6. a:^4- 3x--t)X-8. 

7. x^ 4- 4x + 3. 

8. Ip (y - :*:) ^ zx (z- x)-\- xy (x - y). 

HIGHEST COMMON FACTOR 

66. The Highest Common Factor, or H.C.F., 
of two or more algebraical expressions is the 
expression of liighest dimensions [Art. 29] which 
will divide each of them without a remainder. 

67. The Il.C.F. of simple expressions can be 
written down by ins})ection. 

Example 1. Find the H.C.F. of x^yz and 
x^yz^. 

The first expression is divisible by x and by 
a;®. The second is divisible by x, by x\ and by 
x^. Thus is the highest power of x which 
will divide both. Similarly, y is the highest 
power of y which will divide both, and z is the 
highest power of Thus the H.C.F. of x-yz 
and 7?yz^ is x^yz. 

Example 2. Find the H.C.F. of 3fia^¥cy 
2ia*¥c\ and 27aV)^c, 

By arithmetic we find that 3 is the H.C.F. of 
the coefficients 36, 24, 27. As in Example 1, 


che highest power of a which divides all three 
expressions is a\ the highest power of h is 
and the highest power of c is c. 

Hence, the required H.C.F. is 

Thus, to write down tlic IT.O.F. of two or 
moro simple expressions, we 

(i.) Write down the H.C.F. of the numerical 
coefficients. 

(ii.) Write down each letter which is common 
to all the expressions, and raise it to 
the lowest power in which it occurs. 

68. The H.C.F. of multinomial expressioiis 
can be seen by inspection if we know the factors 
of the multinomials. Wo have only to write 
<lowa each factor which is common to the ex- 
pressions, and raise it to the lowest power in 
which it occurs. 

Example 1. Find the H.C.F. of x^-^x^Q 
and 2x2 -7a; 4- 3 

We have 

x2 - X - 6 = (x - 3) (x 4- 2) 

and 

2x2-7a:-!- .3= (x-3) (2x-l) 

Hence, the H.C.F. is x-3. 

Example 2. Find the H.C.F. of 8a* 4- 
— 4a2/>2^ -p 18a25 -f J 2a}t\ and 2ah (a^ — 52). 

Resolving each expression into factors, wo 
get 

8a* 4- 4a25 — = 4a2 (2a^ 4- ab — 52) 

= 4a2 (a 4* 5) (2a - b) 
6a® 4- 18a26 4- 12a52 = 6a (a* -I- 3a5 4- 2b^) 

- 6a (a 4- 5) (a -b 26) 
2ab (a* - 62) = 2ab (a 4- 6) (a - 6). 

The H.C.F. of the numerical coefficients 
4, 6, 2 is 2 ; of the monomial factors a^, a, ah 
is a ; and of the remaining factors is (a -b 6). 

Thus the H.C.F. of the given expressions is 
2n (a 4- 6). 

EXAMPLES 19 

Find tlie H.C.F. of 

1. .3a6c2, 2a^bc^y iya^b'^c^. 

2. ix^yhy 16x2^2®, 10x^y22, 

3. 21xV* 22, 35x\y*, 2Sx’‘y^z\ 

4. x2 - 4x - 12, x2 - .3x - 18. 

5. x2 4- 3xy - 4t/2, x2 4- 5x// -b 4ip. 

6. 2a2 4- 5a - 3, 4a2 -b 4a - 3, 2a? - 5a 4- 2. 

7. (kf2 H- 7a6 - 362, 4^2 ^ i2a6 4- 962, 

10a2 4- lla6-662. 

8. 2x2 - 2?/)2 (;5x 4- y), 4x-’’ (x - 2y) (3x 4- y)®. 

9. 12x"‘ -b fix’y - 30x^ - 105x2y 4- 45xy2. 

69. H.C.F. of any Two Multinomials. 
By a method analogous to that used in Arith- 
metic [Art. 60 Arith., page 339] we can find the 
H.C.F. of any two multinomial expressions. 

Wo can prove the same proposition for 
algebraical expressions as was proved for the 
two numbers in Article 59 of Arithmetic — W2., 
the common factors of a divisor and a dividend 
are the same as the common factors of the divisor 
and the remainder. 

Suppose A and B stand for two multinomials, 
having some common letter, x. Arrange A and 
B in descending powers of x, and suppose A is 
not of higher dimensions than B. Divide B by 
A; lot Q be the quotient and R the remainder. 
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Then 

B=AQ+R . . . . (i.) 

and, by transposing the term AQ we have 

R=B-AQ . . . . (ii.). 

Now, a factor which divides both A and R 
must evidently bo a factor of AQ 4- R also ; 
so that from (i.) wo seo that it divides B. 
Thus, any common factor of A and R must 
also bo a common factor of A and B. 

In the same way, from (ii.) we seo that any 
common factor of A and B must also be a 
common factor of A and R. 

Clearly, then, the common factors of A and B 
aro the same as the common factors of A and R. 

If we now divide A by R, the H.C.F. of the 
now remainder and R will, exactly as before, be 
tho same as the H.C.F. of A and R,- ?.e., of A 
and B. 

We have, therefore, only to continue tho pro- 
cess of dividing the remainder into the previous 
divisor until we reach the stage where iJierc is 
no remainder. The last divisor is the required 

H.C.F. 

70. Tho above is only used to find the com- 

jmind factor of the H.C.F. If the given ex- 
pressions contain factors, these must be 

removed first [ Art. 54]. If those simple factors 
have any H.C.F., it is found by in.spection, and 
multiplied into the compound factor found by 
the process of Art. 69. 

71. Romemboring that tlie process is only used 
for finding tho multinomial factor of H.C.F., 
and that each remainder contains the H.C.F. we 
are seeking, it is clear that we may multiply or 
divide any of the divisors or dividends by any 
monomial expression whenever the process of 
division renaers this necessary. Instances of 
this occur in the second of the following 
examples. 

Example 1. Find tho H.C.F. of 
and - Jia;- 4- 28. 

It is generally best to arrange the work in the 
manner explained in Ex. 2, Art. 76, page 547, 
of Arithmetic. 

a; 4* 5 X“-2x- 35 x"^ - i^x^ - 32wC 4-28 x-1 
x^ - 7a; x^ - - 35a; 

5a; -35 - x‘ 3a; 4- 28 

5a; - 35 - x^ 4- 2a; 4- 35 

x-1 

Thus, the H.C.F. is a; -7. 

Explanation. Wc divide a;^ - 2x - 35 into 
x^ - 3a;- - 32a; 4“ 28, the quotient being a; - 1, and 
the remainder x-1. This remainder is then 
divided into x* - 2x — 35, giving a quotient 
a; 4* 5, and no remainder. Hence a; -7, the last 
divisor used, is the required H.C.F. 

Example 2. Find tlie H.C.F. of 

16a* 4- 4a2 4- 1 and 8a* - lOa'* 4- a - 2. 


TheH.C.F. is 4a* -2a 4- 1. 

Explanation. Divide 8a* - 16a® 4- a - 2 
into the other expression. The remainder is 
32a® 4- 4a* - 2a 4- 5. This has now to be 
divided into 8a* - Kia® 4- a - 2 ; so, in order to 
avoid fractions, we multiply the dividend by 4, 
obtaining 32a* - 64a® 4- 4a — 8. Proceeding with 
the division we obtain quotient a, and remainder 
— C8a® 4- 2a‘- - a - 8. Now divide this remainder 
into the divisor, we have just been using — I’iz., 
32a® 4- 4a* — 2a 5. In order to do this, tho 
latter expression must bo multiplied by 17. 
[To obtain the 17, take the L.C.M. of the co- 
efficients of a®, 68, and 32. This is 4 x 17 X 8 ; 
hence 17 times 32 will be divisible by 68. J 
The remainder is 84a* -42a 4- 21. This con- 
tains a factor 21, and since 21 is not a factor of 
the given expressions, we reject tho 21, and 
proceed with 4a* -2a 4- 1 for our divisor. This 
last expression divides - 68a® 4- 2a* — a — 8 
without a remainder, and is therefore the 
H.C.F. 

72. To find the H.C.F. of three expressions 
A, B, C, we first find the H.C.F. of A and B, 
and then the H.C.F. of this result and C. 
Clcaily, wo shall tlien liave foun<l all the factors 
which aro common to A, B, and C. 

EXAMPLES 20 

Find the H.C.F. of 

1. 2a;® - 5a;* 4- 7a; 4- 5, 4a;® - 11 .r* 4- 1 7a; -t- 5. 

2. fia;®-7a;*4- 10a; -4, 4a;® -4a;* 4- 15a; -7. 

3. a® 4- 2a*6 - ti\ a* 4- a®6 - 2a&® - 2h\ 

4. .3a® “ 4a* -I- 9a - 8, 2a® 4- 5a* 4- a - 8. 

6. 8a;® - 8a;* - 4a; - 3, 2a;* -h 3a;® - 3a;* - 7a; - 3. 

6 . 4a;* - 4a;® -f a;* - 1, 2a;® 4- 5a;* - 2a; 4- 3. 

7. 8a;® - 10a;* - 16a; - 3, 6a;* - 22a;® 4- 31 a;* - 23.r 

-7. 

8 . 3a;® - 23a;* 4- 43a; - 8, a:* - 5a;® - 6a;* 4- 35a; - 7. 

LEAST COMMON MULTIPLE 

78. The Lowest Common Multiple, or L. C. M. , 
of two or more algebraical expressions is the 
expression of lowest dimensions which is exactly 
divisible by each of them. 

74. L.C.M. of Simple Expressions. 
The L.C.M. of simple expressions can be 
written down by inspection. 

Example 1. Find the L.C.M. of a;®y 2 , xy* 2 *, 
and y* 2 ®. 

Here, tho highest power of x which occurs in 
any of the expressions is a;®. Any common 
multiple of the expressions must, therefore, con- 
tain tho factor xi Similarly, since ty* is the 
highest power of i/ which occurs, any common 
multiple must contain the factor ; and since 
2 ® is tho highest power of z which occurs, any 
common multiple must contain the factor 2 ®. 
Evidently, , then, the common multiple of lowest 



8a* -16a® 4- a -2 

16o’ + 4a* + 1 


4 

Uia*- 32a* + 2o - 4 

a 

.32a* - 64a® 4- 4a -8 

3:V+ 4a*- 2a + 6 


32a* 4- 4a® - 2a* -4- 5a 

. 17 

8 

-«8o’+ 2o*- a-8 

5440 '+ 68o* - 34o+ 85 


- 68a’ + 34a* - 17a 

644o’-lCo*+ 8o+64 


- 32a* +iea-8 

21)84a* - 42a + 21 


- 32o» +16a-8 

4a* - 2a 4- 1 
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dimensions is x^y*z^. Tliat is, the L.C.M. is 

Example 2. Find tlie L.C.M. of 2xz^y 
^xyZy and iSyh, 

The required L.C.M. must contain each of 
the numerical factors 13, 2, 8, 6. The L.C.M. of 
these numbers is 24. Thus 24 is the coetheient 
of the L.C.M. required. 

Again, as in Example 1, since the highe.st 
powers of Xy j/, and z which occur are .r-, y'y 
and z^ respectively, their Tj.C.M. is 'X^y'z“. 

Hence the L.C.M. of tlie given ex])res.sions is 
'l^xhj-T?. 

Thus, to find t he L.C.M. of sinqile expres.sioiis, 
we 

(i.) Find the l^.C.M. of the numerical co- 
efticients. This will form the coeflicient 
of the rtiquired L.C.M. 

(ii.) Write down each letter contained in the 
expre.ssions, and rai.se it to the higlic.sl. 
power which occurs among the 
expressions. 

75. Lr.C.M. of Multinomials whose 
Factors are Known. The princqdo is the 
same as for monomial ex[)re.ssions. Writedown 
each factor that occurs, raised to the highest 
[)ower which it has in any oxpres.sion. 

Example 1. Find the L.C^M. of 

f- 2ax 4- a'\ x- - d^y and x*- 4- ax ■ 2a-. 

We have 

a?- + 2ax 1 d^ --- {x 4- o)*^ 

x^ - d^ — (x -I- a) (x - a) 

4 ax - 2a- - {x-<i) (x^- 2a). 

The factor (x a) occurs, raised to the sn-ioul 
j)ower; (x-a) and (x-\-2a) each occur as the 
lirst i)ower. Hence (he L.C.M. is 

{x 4 a)' (x-a) {x 4 2a). 

Examjdc 2. Find the L.C.M. of 

2a‘ - 2a‘'6-*4a’^ft% S)d^h H l2a’-//-4 and 
12a'ft- -- 2()ah'^ - 

Hero 

2a^ - 2a^b - 4a%- - 2a' (a- -- ab - -2^/-) 

= 2a2 (a - 2b) {a -i- b) 

2a’’6 H- 12a’-6- 4- 8af> * - 3a6 (3a' 4- 4a^ i- h'-) 
rr. M (3a 4 h) (a b) 
12a‘7>2 - 2QaP - 8/d - 46‘^ (3a‘'' - M - 2/d) 

-- 4//- (3a 4- b) (a -2b). 

As in Article 74, the L.C.M. of the unmomml 
factors 2d^y 3a6, and 4/d is 12a-6‘‘^, Tlie L.C.M. 
of the given expressions is therefore 

]2a‘^/d (a -2b) (a 4- b) (3a 4- h). 

EXAMPLES 21 

Find the L.C.M. of 

1. 9a6c, Ibd^y 2/dc^. 

2. d^ - b^y (a 4- 6)^, (a - &)^. 

3. 4- y% X* 4- y* 4- x^y’^. 

4. 4a;2 4- 8a; - 12, lla;^ -9x- 54, 6a;* - SOa;* 

+ 24. 

6. 6a;® I- 17a; + 12, 4a;® - 4a; - 15, 6a;® - 7a; - 20. 

6 . 4a;® -9, 4a;® -12a; + 9, 6a;® -13a; + 6, 6a;® 

+ 5a; - 6. 

7. flj® - oxy + 6^/®, a;® - 4xy + 3y®, a;® - 3ry 

+ 22/®. 


8. a;® -4?/®, 2a;v-6v®, 4xf^-2x-y*. 

9. a® + a®6, 2a® -26®, a®/d — a6®, 4a'7». 

10. 2a;® 4 3.r - 2, (5a; - 7)® - (a; -5)®, 2a;® -.r® 
-8a; 4 4. 

76. When the factors of tlie expressions 
who.se L.C.M. is required cannot be .seen by 
ijimjcction, wo use the H.(\F. rule. 

Let A and B stand for two algebraic^il 
expressions wlu>se highest common factor is H, 
and whoso lowest common multiple is L. 

DivhU* A and H by H, aud let the quotients 
be a and 6 respectively. Tiien 
A — a X H. 

and 

B= 6x11. 

Now, since H is the highest cominou factor of 
A and B, it follows that a and 6 can have no 
common factors. Therefore the L.C.M. of A 
and B is H x a x 6 ; that is 

L = H x a X />. 

But H X a A, therefore 
L- Ax//. 

Hence, the L.tlM. of ivu) ahichraical eX}»re.s.Hio)hH 
/.s obtained by diridiny one of the by 

their Jl.ij.F.y and mnltiylyiny the quotient tnj the 
other expreatiion. 

77. Another important result is obbiined from 
the relation 

L — H X a X 6. 

Multiplying both sides by H, W'e have 
L X H - H X a X H X 6. 

But H X a — A, ami H x /> =- B. Hence 
LxH AxB; 

or, the prod net of any tieo expt^e.'mionti ?.’< e<iual to 
the jnodurt if their H.(J.F. and their L.(\M. 

78. To find the L.C.M. of more than two 
exprcsHion.s, whose factors cannot be readily 
sevn, wc find (he L.C.M. of any two of the 
expre.ssions, then the L.(\M. (»f this result and a 
third expression, and so oil until we have used 
every exi)ros.sion. 


EXAMPLES 22 

Find the L.C.M of 

1. 2.»;‘ - 11a;' I- 20.c - 21 and 4a;® - 4a?® - 4Ja; 

+ 21 . 

2. a® -- Oa® 4 1 la - 6 and a® - 10a® 4- 29a - 20. 

3. 8.r® - 18a;® 4 13;r - 3 and 6;i;® - 1 3a;® 4 9a; - 2, 

4. 2a*® - 5.r®;y H 4.i;//® - y\ 2a;//® 4 x-y - if - 2.r®, 

and 2a;® 4 9x-y - y K 


Answers to Algebra 

Example.s 11 


1. X (r® 4- 6). 4. .r (.3a;® - 2xif 4 y®). 

2. a (a 4- 6+ c). 5. 5//® (y-4a?). 

3. 1 la6c (a6 - .3r®). 6. '^yz (13ay 4 15«}. 

7. 2a (3a;® 4 2aa; - 4a2). 

8. 17 (4 -3a;®). 9. 19a6c® (6a® 4 66). 

Examples 12 


1 . {x 4 a) (x 4 6 ). 

2. (a 4 1)(6®4 1). 

3 . {x-y)(ax-hy). 

4. (a 4- 6) (c-d). 

9. (a;® 4* 2y*) (a?® 4 22®). 

10. (a;® 4 2a) (y®-3a). 


6. (a;® 4 2)(y®-2). 

6 . (a; 4 2y) (a-6). 

7. (a;® 4 1) (a;-a). 

8 . (a 4 6c) (x-yz). 
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Examples 18 

1. (a:+ 2)2. 5 . 4(a;2 4- yf, 

2. (,v-3)2. 6. 2a2(a:+ bf. 

3. (5a -26)2. 7^ (x-^y^ z)K 

4. -3 (a2+ 1)2. 8. (a 4- 

Examples 14 

1. (a: 4- 1) (a; 4“ 2). 6. (x 4- 5) (x - 30). 

2. (2/-3)(2/-5V 7. (//4- ])(?/+ 50). 

3. (X 4- 4) (ar - 7). 8. (a - 36) (a - 146). 

4. (o4- 17) (a --3). 9. (ar4- 13//) (x*-14//). 

5. (]y + 15) (V - 10). 10. (X- 11 v) (a: - lOy). 

11. 2(a:H- 15,v) (a; -3?/). 

12. 3 (a 4- 126) (a -146). 

Note. No. 12 should read Sa^ - 0«6 - 5046*2. 

Examples 15 

1. (2a; - 1) (a: - 2). 4. (13.r - 2//) (2a; 4-7/y). 

2. (2a;+ 3) (3a;H- 5). 5. (I2a:+ 1) (lla*-2). 

3. (3a;4-y;)(7a:-4//). 6. (0a;-2)(a;4- 10). 

7. (17ar-3//) (a;-.57/). 

Note. The que.stion should read 17a;‘2-88a;y 
-f 15//2. 

8. 4a; (a; - 2) (3a;- 1). 

9. 2a;?y (11a; -3)/) (5a; + 4i/). 

10. 2 (4a; -1) (a; -4). 

Examples 16 

1. (a; 4- 11) (a;- 11). 3. (1 4- 5//) (l-5y). 

2. (a 4- 46) (a - 46). 4. (a6 4- 7) (a6 — 7). 

5. (6 4- xy) (6 - xy). 


6. 2 (4a; + 3y) (4a? - 3y). 

7. (2a;4- 5^4- a;-3y) (2a;4- 5i/-a; + 3j/) 

= (3a; + 2ij) (a; 4 8v). 

8. (a 4 26 4 a - 26) (a 4 26 - a + 26) 

= 2a . 46 8a6. 

9. (3a4 364 a-6) (3a4 36-a4 6) 

= (4a 4 26) (2a 4 46) 

= 4 (2a 4 6) (a 4 26). 

10. (a2 4 5)2 -16a^ 

== (a2 4 4a 4 5) (a2 - 4a 4 5). 

11 (a;*2-2/y2)2-30a;V2 

— (a;2 4 ^xy - 2y^) (a;2 - (yxy - 2//2). 

12 (y2_])2_4y2 

= (?/ 4 2/y - 1) (y^ - 2y - 1). 


Examples 17 


1. (a 4 56) (a2 — 5«6 I- 2562). 

2. (3a - 46) (0a2 4 12tt6 4 106-). 

3. (a;2 - 27/0 (x* 4 2xY + ^2/0. 

4. 2a;2 (a; 4 2y) {x^-2xy+ 4y^). 

5. (a 4 26 - a) (a^ 4 4a6 4 462 + ^2 2a6 4 a-) 

= 26 (3a2 4 6ab 4 46-). 

(2.-*-) (4.=+^ + ;;!). 

7 . (a-2b-b+ 2a) {,i‘ - 4«5 + 46^ + 6a6 - 2a* 
-2fc*+ 6*-4<i?> + 4a*) 

= {3a - Sl>) - 3<(?) + 36 ) 

= 9 (a - 6) (a* - ah + 6*). 




*■'. + A + 
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TEXTILES 

Hank Weights and Lengths of the Various Textile Fibres. Methods 

20 

of Measurement Adopted in Different Branches of the Industry 

e«ni( limed from 

Hgw 2700 


By W. S. MURPHY 


DEFORE quitting this sootion of our course, 
we must endeavour to understand what 
meaning should bo attached to the various terms 
used in defining the qualities and lengths of yarns. 
On the very threshold of the subject we are con- 
fronted by what seems an in(‘X)3licable tangle. 
DifT.ront fibres are counted on units widely 
different. Not only is this so, but we find that 
some systems count up where others count dowm. 
In addition, we h«ave local methods of calcu- 
lating, w'hich, though seemingly unimportant 
from a general standpoint, derive practical 
importance from the fact that the localities in 
w^hieh the terms are used have a very large 
share of the trade. We may say that the 
Yorkshire skein is not a unit of great importance, 
because that county is only a small part of 
England*; but when we remember that York- 
shire contains more woollen factories than all 
the rest of the UniU'd Kingdom, the unit of 
meamireinent used by Yorkshiremcn becomes 
highly significant indeed. Were w'e at liberty 
to inquire, w'e would probably learn that every 
different method of counting textile yarns had 
a historical origin, and was quite national an<l 
right when it was adopted. For example, the 
wool industries are deeply embedded in our 
national history, and the cotton industries are 
of comparatively recent origin. What do wa^ 
find? The variations in the wool methods are 
perplexing, while the whole oottnn industry 
has only one method of counting yarns. 

Cotton. When cotton came to this eountiy, 
the woollen workers had already invented a 
method of counting the hanks of yarn which 
was practical and convenient to the reelers. 
To reel a heavy hank of yarn in one ])lace on 
the reel was not suitable. Therefore, the 
reelers put a spring on the reel which would 
give a snap, or rap, eveiy 80 revolutions, and 
at the Avarning the reeler started in a new place 
on the reel. When seven of these raps had 
been wound, it was considered a hank. The 
reel being exactly 1 yd. in circumference, the 
hank became 560 yd. in length. The cotton 
reelers adopted the same plan. But, for reasons 
we do not know, the cotton rcc^l was made 54 in. 
in circumference, or J yd. more than the 
woollen reel. Tlierefore, the cotton luank was 
made 840 yd. long. Though differing by 
this accident from the woollen measure, the 
cotton method of counting has remained con- 
sistent within itself. Tlie counts were numbered 
according to the number of hanks which were 
required to equal 1 lb. weight avoirdupois. So 
we now have it. When we say that a count 
is number 40, we mean that 40 hanks of that 
yam will weigh 1 lb. Knowing that 840 yd, are 


in a hank, w'e can calculate how^ many yards of 
yarn are in 1 lb. of any given count. 

Wool Yarns. The standard hank of 
560 yd. is very generally accepted all through 
the trade, and the counts numbered ac- 

cording to the number of hanks in 1 lb. But 
tluTc are yet other systems which we cannot 
altogether ignore. The \"orkshire skein con- 
tain.s 1,5.*16 yd. This was termed a “ whar- 
tern,” in the diction of weight, and the modfan 
equivalent is 6 Ih. As we find, however, that 
there are just so many drams in 6 Ih., we come 
to the conclusion that tin* Yoikshirc skein is 
not a very mysterious entity after all. In 
elT(‘et, the standard of that count is 1 yd. to 
1 dram. If there are 10 yd. in I dram, the 
count is 10. West of England manufacturers 
base their system upon ‘2() yd. to 1 oz. as the 
unit. That is, 100 yd. to 1 oz. is count number 5, 
(KX) yd. to 1 oz. is (^ount 30, and so on. 

The unit of the Dtjwsbury system is 1 yd. to 
1 oz. ; 24 yd. in 1 oz. is 24’s yarns, 96 yd. to 
1 oz. is 96’s, and uj)wards in the same ratio. 

Sow'crby Bridge, Yorkshin*, has a totally 
different system. 80 yd. is the unit, and the 
dram is the standard weight, the number of 
the count being determined by the number of 
drams a hank of 80 yd. weighs. If it weigh 
12 drams, the count is 12’8, and if it weigh 
24 drams, the co\mt is 24’s. Obviously, the 
common method of counting is here njversed. 
'I’he finest counts are the lowest numbers. 


Scottish Counts. 'Hie methods of count- 
ing yarns in Scotland an' varied. One feature 
of the S(!oUish methods is the exclusive 
rf*s<jrt to measures independent of weights. 
The count system, properly so called, is a 
recent introduction from England. 

What has been called the Aberdeen sysUun 
Avas really prevalent all over Secjtland. But 
each locality had a unit of its oAvn, We give 
the Aberdeen table as the most eomplete ; 


1 leol = 

120 threads - 

2 cuts — 

,3 beers = 

2 slips = 

2 hanks " 

2 hesps — 


threa 

cut 

liecr 

slip 

hank 

hesp 

spyiu 


2i Yd. 
.300 
600 
1,800 
3,600 
7,200 
14,400 


Tlie spyndle was the unit of length and 1 lb. 
the unit in Aveight ; 1 spyndle equal to 1 lb. is 
yam number 1, and the ratio proceeds on that 
basis. If the spyndle weighs 3 lb., the number 
of the yarn is number 3 count. Here again, the 
coarser the yarn the higher the count. 

In Stirling district the cut is 240 yd., and the 
spyndle is 48 cute, or 11,520 yd. Stirling unit 

2895 





TBXTILKS 


of weight is 24 lb., and the number of spyndles 
in that weight gives the number of the count. 
To take it another and simpler way, we say that 
the standard unit is 480 yd. to 1 lb. If there 
are 960 yd. in 1 lb., the yarn number is 2’s. 

On the Scottish border, the cut is 300 yd. ; 
but Galashiels and Hawick adopt different 
standards of weight. The Galashiels system is 
based on the number of cuts in 24 oz. ; the 
Hawick system makes 26 oz. to the cut the 
unit. 

In America we find many systems ; but 
those most commonly used are what they call 
the grain and the run systems. In the grain 
.system the unit of length is 20 yd., and the unit 
of weight is the grain. If 20 yd. equal 1 grain, 
the yarn is count number 1. ^I’he length unit 
of the run system is 100 yd., and the weight 
unit is 1 oz. ; 400 yd. weighing 1 oz. would 
be counted 4 run. The Stirling system is 
also u.sed to a considerable extent in the United 
States. 

Silks. Spun silk is counted according 
to the cotton system in all but one small particu- 
lar. When cotton or wool yams are doubled, 
the count is measured according to the hanks 
of the doubled yarn in 1 lb. The yarn is 
treated as a unity. In spun silk, the yarns 
composing a doubled thread arc not allowed 
to lose their identity, and the yarn number 
remains the same, with the addition of the word 
“ doubled.” This has given rise to some 
confusion. 

Raw silk has been the yarn most difficult 
to count. Thr^o systems have been u,sed : 
the “ denier ” scale, the ounce, and the dram. 
Neither in respect of weight nor length have 
we ever been able to get a definite standard 
on the denier system. Omitting gross mis- 
calculations, we find that authorities vary from 
0*693 to 0*854 of a grain as the equivalent in 
English weight of . the denier. It is generally 
accepted, however, that the approximate weight 
of a denier is 0*825 of a grain, or 20 deniers to 
16.J grains. The unit of length is equally 
indeterminate and confused. It is vaguely said 
to be 400 revolutions of a special reel, the cir- 
cumference of which is about a yard. In reality 
the reel is only the old French reel, the circum- 
ference of which is a French ell, giving in the 
400 revolutions 520 yards. The method of 
calculating at which wo arrive on this system 
figures out in a result something like this; 
If a hank of silk containing 520 yards weigh 
1 denier, it is number one count ; if 120 deniers, 
it is 120’s. The heavier the yam, the higher 
the count. There is some reason in the system, 
because, in many cases, the lieavier the silk 
the higher the quality. 

Working on a similar plan is the dram system. 
In this system the hank, 1,000 yards long, is the 
length unit, and the count depends on the 
number of drams the hank weighs. The thicker 
the thread, therefore, the higher the count. 
The ounce system is more in accord with our 
ordinary methods of counting. The unit of 
length is the 1,000 yards hank, and according 
to the tiinmber of hanks in the ounce, the yam 


number is fixed. A silk giving twenty hanks 
to the ounce would be 20’8, and one giving 40 
hanks to the ounce would be 40’s. 

Lrlnen. The linen industry uses a complete 
table of lengths. In addition there is the count 
system, the length unit of which is the lea, or 
cut (300 yd.), and the weight unit 1 lb. The 
method of counting is according to the number 
of leas in a pound. One lea is 300 yd. to the 1 lb. ; 
100 loa is 30,000 yd. to the 1 lb. 


Linen Yarn Table. 


1 rev. of reel — 1 thread 


120 threads 
12 cuts 
16-3 hanks 
20' „ 


= 1 lea or cut 
— 1 hank 
= 1 bundle 
1 retd 


= 2 J yards. 

- 300 „ 

3,600 „ 

- 60,000 „ 

- 72,000 „ 


Jute. This fibre has also a table of pro- 
portions measuring by length alone. The num- 
ber of the yarn is described in terms ba.sed on 
the weight of a unit named the spyndle. The 
yarn in an 8-lb., 6-lb., 4-lb., or otherwise, 
according to the number of pounds a spyndle 
weighs. Of course, the coarser the yarn the 
higher the count. 


90 in. 

120 threads 
2 cuts 
6 heers 
4 hesps 


Jute Yarn Table. 


— 1 thread 
= 1 cut 

1 hcor 

— 1 hesp 

— 1 spyndle 


= 2^ yards. 

- 300 „ 

= 600 

- 3,(i00 

- 14,400 


In the midst of such div()rsity of standards, 
tha textile worker may well be pardoned for 
feeling confused. Without a common measure 
for the various yarns, and even bereft of the 
uniformity of procedure which always gives a 
help, he must rely on the teaching of experience 
for the most part. It is possible, however, 
to arrive at definiteness by careful calculation. 
Take the 20’s count, for ex.ample, and try to 
find out how many yards of each yarn of the 
count will be in the jiound weight. 

Yarn. Yards per lb. 


Worsted 

20’s = 

11,200 

(yotton 

„ = 

16,800 

Spun silk 

„ = 

16,800 

Raw silk (1,000 yd. per oz.) 

„ — 

320,000 

„ ( „ dram) 

,, = 

12,800 

„ (denier scale) 

„ — 

133,8664 

Linen 


6,000’ 

Woollen (Yorkshire skein) 

,, = 

5,120 

„ (West of England) 


6,400 

„ (Dewsbury) 

„ 

320 

„ (Sowerby Bridge) 

»> = 

1,024 

Aberdeen 

»» ^ 

720 

Stirling 


9,600 

Galashiels 

»> “ 

4,000 

Hawick 

„ = 

3,692,^ 

American “ run ” 

It ~ 

32,000 

„ "grain” 

„ = 

7,000 


In four of these systems the counts are 
measured by the weight of the unit, the spyndles, 
or hanks ; in all the others the counts are 
measured by the number of hanks in the pound 
weight. To show how this works, let us take 
count number one of the yams, and see how 
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many yards we will find of each yarn in the 
pound. Yam Yards per lb. 


Worsted 


660 

Cotton 

= 

840 

Spun silk 

= 

840 

Raw silk (1,000 yd. per oz.) 


16,000 

. „ ( ,» dram) 


256,000 

„ (denier scale) 


4,437,333J 

Linen 


300 

Woollen (Yorkshire skein) 


256 

„ (West of England) 

— 

320 

„ (Dewsbury) 

— 

16 

„ (Soworby Bridge) 

-■ 

20,480 

Aberdeen 

-- 

14,400 

Stirling 


480 

Galashiels 


200 

Hawick 

r- 

184.]S. 

American “ run ” 

= 

1,600' 

„ “ grain ” 

=r 

350 ' 


UTILISING THE WASTE 


Boiling. There are grades of rags, just as 
there are grades of poverty. Some rags sell as 
high as Is. per lb., and the values run down to 
Id. per lb., or even lower. Valuable rags are 
usually supplied to the manufacturer by mer- 
chants, who’ have already selected and roughly 
cleaned them, but the cheaper kinds come in 
bags, higglfcdy-piggUdy, and these, before being 
touched, are thro’an into huge boilers, and boiled 
with a strong disinfecting soap or litpiid. The 
sorted, high-class rags are also boiL d, b\it not 
so severely. Those boilers are very ingeniously 
constructed. In the centre of tlio huge iron 
cylinder is a pipe with a spraying nozzle, and 
through this the boiling water keeps up a con- 
stant circulation, bringing up the detergent 
always to the top of the rag.n. The liquid 
sinks again through the boiling materials, 
carrying with it the dirt to the bottom, re- 
turning by the pipe again to perform another 
cleansing round. 


Rags and Clippings. There are two 
kinds of waste — the waste which comes from 
the wear and tear of use, and the waste incurred 

pal clc.ansing de- — ^ ' 

partraent— all 1^0 teaker, or oe 
forms of wool. 


116. BAG TEAKER, OR DEVIL (Sykes A; Sons, HmUkirantUl) 


Sorting. Cleansed rags of all grades aro 
brought to the sorting department. The labour is 
not highly skilled, but you must have knowledge 

of textiles to do it 
efficiently, espe- 
Bsp. cially in those 

days when imita- 
tion has beeomo 

- ' ' ^ are taken away, 

j (Sykes it Sons, IlinUkirsllelil) with the buttons 

and other hard- 


even down to loom dust and shearer’s crop- 
pings, are aecepted as raw material in the 
shoddy factory. Historically, this se(5tion of tht^ 
textile, industiy has been divided into throe 
divisions, or, strictly speaking, four ; but at 
the present day the term shoddy is held to cover 
the whole. Four classes of material came suc- 
cessively into use. The order was as follows: 
(1) worsted rags, (2) woollen rags and scraps of 
milled cloths, (3) wool extracted by sulphuric 
treatment from cloths of mixed cotton and 


wares nothing more is required. (Jenerally, how- 
ever, woollen and v'orsted rag.s aro separated, 
anel fine broadcloths, if by chance they should 
come in a mixed bundle, are sot apart. With 
knife and scissors we cut away linings, threads, 
lags, buttons, and put the remnant into its 
appropriate basket. 

Rag Tearing. The devil is the name given 
to the rag -tearing machine [116], and though it 
has a profane sound it has a purely technical 
meaning. On the head of the machine is a hop^xw. 


wool, destroying the cotton, (4) croppings of 
shearing in tho finishing of cloths, and loom 
dust. Having glanced at these historically 
at tho beginning of our course, we can 
now proceed to practical operations. 

Rugs from Clippings. Though not 
in the direct lino of our study, one use to 
which the finest clippings of cloth arc put 
is worth mentioning. New cloth clippings 
are used very largely in Huddersfield for 
cloth rug making. This is done by means of 
special machinery, in which tho cloth is woven 
to form the ** nap,” or upper surface, of 
the rug. 


and into it tho rags are fed. As the material 
comes down, it enters into contact with two spike 
cylinders, revolving at high speed in opposite 
directions, and clo.sely set together. Thp spikes 
tear and grind at a great rate, churning the wool 
round and round. At the back of the machine 
a fan is constantly blowing, and as the wool 
becomes flocculent, the fan blows it out from 
the machine, while any heavier matters which 
may have escaped tho sorters drop to the bottom 
of the machine. In this way tho rags are 
kept within the grasp of the devil till they 
are light enough to be carried out by tho 
wind of tho fan. The severity of the devil 
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has been objected to, but the staple produced 
from it is about equal on the average to 
ordinary cotton. 

Scouring. A short-stapled fibre like rag-vi ool 
docs not require to be scoured with the same care 
as long wools. It is here that the raking, forking, 
and sousing washing machines, originally rejected 
by the wool scourers, have found their t rue use. 
Like the ordinary wool-scouring machines, these 
washers are divided into three (‘ompartments, 
the first containing strong scouring liquor, the 
second weaker liquor, and the third clean w^ater. 
Laid in the first compartment, among the strong 
liquor, the rag-wool is soused and forked about 
till thoroughly cleansed ; in the second division 
the maU^rial gets another bath, and in the third 
the water clears away all traei's of the liquor. 

M’here are various methods of drying, 'fhe 
simplest, is the range of bars above the trough on 
which the \vool is spread to drip and thence 
removed to more thorough drying. Squeezing 
tends to lump this soft material. For final 
drying, therefore, the centrifugal extractor is 
much preferred. As the rag- w ool is nearly al w’ays 
dyed, the point to be aimed at is not so much 
perfect dryness as thorough cleanliness from the 
scouring liquor. When dried in this degree, the 
wool goes into the dyeing department, and is 
there prepared for the spinning process. 

Extract. The rags w'hich have been found 
to bo mixed cotton and wool, and other “ union ” 
cloths, are subjected to a bath of dilute sul- 
phuric acid. In lead-lined vats the rags are 
steeped among the acid till all the cotton has 
been destroyed. The fibres thus treated are 
then laid in the cimtrifugal extractor, which 
takes away the acid and pr<*si*rv<‘s it for further 
use. Next, the wool is passed through, the 
earboniser, or baking machine, which cfTectually 
converts into dust all the rotted vegetable fibre 
by means of diy heat. To take away the dust, 
the wool is passed through a simple blower, over 
the netted lattice of which it passes and drops 
out the dust, by the aid of a fan. Waslu^l and 
dried in t Im usual way, the extracted w ool is ready 
for use in the factory. Tlie acid has made the 
wool harsh and brittle, but by careful tr<!atraent 
with oil wc can obviate the defect somewhat. It 
is best to lease extract rags in the common w’ool 
opener, if a good use is to be made of it. Then 
in the oiling, a liberal dose applied with judgment 
helps to correct the harshness. Otlierwist^, ex- 
tract is simply treated as an infei ior shoddy. 

Carbonising Wool. M’hc (‘xtract process 
is also used for the purpose of frt'cing raw' wool 
from burrs, though in a more elaborate way. 
Instead of being laid in the acid vat, the w’ool is 
caged in wire netting and let into the acid tank. 
After being completely saturated with acid, the 
wool is put through the centrifugal extractor, 
which di’aw'S out all the sulphuric acid, or as 
much of it iis possible. Though killed by the acid. 


the vegetable matters yet remain, and these are 
reduced to powder in tne baking machine, which 
is heated to a very high temperature. Next, 
the wool is passed through a burring machine, 
which grinds down whatever hard material has 
resisteni treatment, and drives out all the 
pulverised matter with an exhaust fan. Washed 
in clear water to remove all traces of acid and 
clear away other impurities, the -wool is dried. 

Croppers* Dust. Croppings, loom dust, 
waste, and other such materials, are not much 
used in this country at the present day. When 
wool sells at 4d. per lb., and rags of fair quality 
can be bought at Id., there is very little reason 
for using materials so low in textile quality. 
However, wc admit that one use to which it is 
put is worth noting. The stuff is cleaned and 
reduced to uniform dust ; then, with a mixtiiro 
of soap and size, it is compacted into a thin 
sheet. The thin layer is laid upon a widely 
woven, strong gauze, and battered into it by a 
s|K^cies of felting. The resultant cloth is heavy 
and almost impervious to water. Some demand 
for this cloth exists in Canada, North America, 
and Northern Europe. 

Noils. Tim refuse of the combing machines, 
this material possesses all the highest qualities 
of w'^ool. Having been already sorted, scoured, 
and oiled, it is equal to the best short wool, and 
IS therefore passed on to the w'oollen factory, 
there to be mixed with the ordinary raw wools, 
or it may bo reserved for tlie finest of the cloths of 
the factory. Noils are much in demand for the 
best qualities of felts, for which they make an 
ideal and comparatively cheap raw material. 
We say comparatively (.‘heap because, as there is 
always a good market for noils, the values never 
sink below a very fair level. The manufacturing 
process of noils differs in no way from that of 
the ordinary carding or felting wool. 

Mill Waste. Of a kind similar to noils, 
though on a lower plane, is the waste from the 
processes of manufactun'. From the blowing- 
rooms and the carders a large quantity of wool 
is daily gathered. Mixed with dust, and generally 
inferior in length of staple, this waste is hardly 
fit for the highest purposes ; but it is good and 
serviceable stuff for all that. Collected in bins, 
the waste is emptied into the waste shaker. 
Sometimes the common willow is used ; but we 
think the sieve-like cylinder known as “ Isett’s 
Patent ” is gentler and not less effective. When 
the waste has been freed from dust it is ready 
for being utilised in the way best suited to the 
factory. 

It is a curious fact, and an illustration of the 
economic trend of the nineteenth century, that 
we can find little scope for improvement in the 
iitili^iation of waste materials, though there 
are yet many opportunities for young genius 
in the uses which are made of the staple 
materials of the textile industry. 


CorUinued 


289 « 



' 

Group 24 

RAINBOWS AND LENSES 

PHYSICS 

Results of the Refraction of Light. The Raiabow of Sunlight. Primary and 

20 

Secondary Rainbows. Lenses and Mirrors. The Microscope and Telescope 

CnntBiuod from 


By Dr. C. W. SALEEBY 


Refraction •at Spherical Surfaces 

The application of the law of refraction already 
stated to the case of spherical surfaces is not 
difficult. It will depend, of course, upon the 
refractive index of the media in question, and 
again we must employ the idea of a tangent 
plane, thus reducing the case to the simplicity 
of refraction at a plane surface. The special 
interest of refraction at a spherical surface 
is found in the case of the raindrop, and we 
may now proceed to a discussion of the 
rainbow, which depemds for its formation and 
colour, and also for the presence of the secondary 
rainbow, upon the application of the laws of 
refraction and rcllection to spherical surfaces, 
such as those exhibited by raindrops. The rain- 
bow has long excited the interest of physicists 
and is now perfectly understood. Afterwards 
we must pass to more practical matters, and 
especially to the application of the laws of 
refraction in the various kinds of lenses. 

The reader will not labour under the delusion 
that when we have stated the laws of reliccUon 
and refraction we have in any sense whatever 
explained them. What in fact is the relation of 
the ethereal disturbance to the matter through 
which it passes or from which it is turned back 
we can by no means say. The discovery of 
unbroken laws, regulating all those phenomena, 
may, however, be expected to lead us some day 
to an explanation of them. It is evident that, 
wherever there are laws of phenomena thon^ 
must ultimately bo explanations of them, could 
these be discovered. 

Refraction and the Rainbow. TJie 
wonderful phenomena of tho rainbow have long 
excited the interests of pliysicists. It was early 
recognised that it is due to tho manner in which 
the solar light is affected by drops of water. In 
order to see a rainbow, one must turn one’s 
back upon the sun, and the bow which one sees 
is part of a pircle, the centre of which lies in a 
straight line drawn from tho sun to the observer’s 
eyes. Given the necessary conditions, a rain- 
bow may be seen even when there is no rain — 
as, for instance, in the spray of a waterfall. 

The familiar phenomena depend upon the 
refraction of light at a spherical surface, such 
surfaces being provided by the individual drops 
of water. But, in order to explain the facts, it 
is desirable, according to Professor Tait, to begin, 
not with refraction at spherical surfaces, but 
with refraction as it occurs w^hen light falls 
upon cylindrical surfaces. (It is hardly necess- 
ary to explain the meaning of the word “cylin- 
der.”) Ho says : “ A far more interesting case 
[than that of the apparent magnification of the 


bulb of a thermometer when one looks at it 
from a little distance] is that of parallel rays 
falling on a solid cylinder of glass or water. 
Its interest consists in the fact that by its aid 
we can explain th«j phenomena of the rainbow. 

. . . The problem, without losing any of 

its applicability to the rainbow, is much sim- 
plified by supposing tho rays to be incident in 
a direction perpendicular to tho axis of the 
cylinder ; for in this ease the whole course of 
each ray is in a piano perpendicular to the axis 

. . . what we arc mainly concerned with 

is the behaviour of the rays which escape into 
the air after one or ttiK) reflections at tho inner 
surface of tho cylinder.” 

“Little Drops of Water*' Make the 
Rainbow. The sun is so remote that the rays 
of light from it may be regarded as parallel, so 
that what is true of parallel rays will be prac- 
tically true of the actual case we arc considering. 
Tait goes on to show that the spherical drops of 
water that cause tho rainbow are equivalent 
to the cylinders which ho has been discussing, 
“ For each spherical drop is effective only in 
virtue of a section through its centre, containing 
tho incident ray and the eyo ; and such sections 
are the same as those of the cylinders.” He 
then shows that if wo “ suppose cylinders to Ije 
placed in great numbers, in- all directions, per- 
pendicular to tho incident rays,” the eye will 
perceive a bright circle of light, or rather the 
bright circumference of a cinflo of light, inside 
which there will be feeble illumination, while 
outside it there will be darkness. “ This i.s 
obviously the case of tho rainbow, where we 
have spherical drops of water instead of the 
cylinders above spoken of.” 

The truth of these assertions cannot here be 
demonstrated bcccAise such demonstration is 
highly complicated, and would require a good 
deal of acquaintance wdth terms which are not 
familiar. The e.ssential fact-, which we can only 
ask the reader to take on trust, is that the 
necessity of the phenomena of the rainbow can 
be mathematically deduced from the known 
Jaws of refraction and reflection. 

The Rainbow of Sunlight. But so 
far we have discussed merely what will happen 
in the ciuje of parallel rays of homogeneous 
light— that is to say, light all of one colour or 
all of one wave length. The result in such a 
case is “ a bright circle whoso centre is diametric- 
ally opposite to the source of light . . . and 

whose area is slightly illuminated.” In order 
to discuss the actual case, however, two further 
complexities have to bo considered, and this we 
shall do in Professor Tait’s own words : 
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“ Introduce the idea of the different kinds of 
liomogcneous light which make up sunlight, and 
we find a circular (almost pure) spectrum, the 
less refrangible rays being on the outside. Next 
we introduce the consideration of the finite disc 
of the sun, and we have an infinite scries of such 
aiiangemenls supcrj>o8ed on one another, the 
centre of each individual of the scries being at 
tlie point diametrically opposite to the point of 
the sun’s disc which produced it.” 

The Primary Rainbow. This circular 
spectrum described by Tait, having the less 
refrangible rays on the outside, is, of course, 
the rainbow. Tlierc are a great number of 
further complexities which we need not consider 
here, but let us draw for ourselves the course of 
a ray of light entering a spherical raindrop, 
and let us see what happens to it. We shall find 
that there are two possibilities, according as the 
rcfiections at the inner surface of the drop are 
one or two. ('ompare the words italicised in 
the quotation from Professor Tait above. The 
case we have been considering is that of only 
one internal reflection, and it produces a rainbow 
which more properly should be called the prim- 
ary rainbow. This, however, is not th<^ only 
rainbow, as we shall see. 

When a ray of light strikes a raindrop, it is 
refracted just as when it- strikes a surface of 
water. Thus, it strikes the internal surface of 
the r.aindrop, from which it is reficcited, so as 
to emerge from the raindrop ; but al. the point 
of emergence a second refraction must occur. 
At both its refractions the composite light 
follows in all its parts the laws of refraction, 
and hence we sec in the rainbow a series of con- 
centric circles containing the colours of the 
spectrum, red being outermost, and succeeded 
by orange, yellow, green, l)lue, indigo, and violet. 
This, of course, is in agreement with what 
we have quoted from Professor Tait, “ the 
l(*ss refrangible rays being on the outside.” In 
the actual phenomenon, as Tait points out, the 
spectrum is not pure, because, as we have seen, 
of the superposition of the concentric arrange- 
ments, due to the fact that the sun has a disc, and 
is not a point. “ This,” he says, “ leaves the 
general aspect ^ 
of the phe- ' 

nomenon un- 

changed, but / x. \ 

Jiltogethor de- Q ! 

s troys the I 

purity of the \ J 

spectrum.” 

The accom- — ^ 

panying diagram 

shows the course ot a ray of light undergoing one 
internal reflection in a raindrop, and leading to 
the formation of the primary rainbow. 

The Secondary Rainbow. It may be, 
however, that some of the light strikes the drop 
in such a fashion that it undergoes two internal 
reflections instead of one. The comparison be- 
tween a cylinder and a raindrop holds in this 
case also. Ti e resul is a second rainbow, con- 
centric with tlie first, but having a somewhat 
greater radius — that is to say, lying somewhat 


outside the primary rainbow. Professor Tai t says 
of it: “ All the above remarks about theimpuniy 
of the spectrum, etc., apply to this bow also. 
In this bow the loss refrangible rays are on the 
inner side, and the straggling rays illuminate 
feebly th‘^ space outside it. Hence, the space 
between tlie red boundaries of the two bows has 
no illumination from rays reflected either once 
or twice within the water drops.” The second 

diagram shows 
the course of 
the light which 
undergoes 
double i n- 
toinal reflec- 
tion within a 
cylinder or^ 
raindrop. 

Secondary Rainbow Explained. 

The fundamental parts of this explanation — 
“namely, (1) that the prima^ bow is duo to 
rays falling on the outer portions of the drops, 
which suffer two refractions and one reflection 
before reaching the eye ; and (2) that the 
s(‘eondai*y bow is due to rays falling on the 
inner side, and suffering two refractions and 
Iwo reflections” — arc now nearly 600 years old. 
Newton made the great addition to the theory 
of applying to it his discovery that the dilTerent 
components of white light, which he proved to bo 
compound, arc differently refrangible. Since 
Newton’.*^ t ime the theory of the rainbow has been 
advanced still further, as might be expected, if 
wo remember that Newton did not accept the 
undulatory theory of light. It is not the case 
that in <*ac]i l)Ow there is one place of maximum 
brightness for each particular colour. On the 
contrary, wc find what, are called “ spurious 
bows,” which often appear like ripples inside 
the primary and outside the secondary bow, 
and wliicli depend upon the fact that in each 
bow there is more than one maximum of bright- 
ness. 

White Rainbows. It is its colour which 
we always consider as characteristic of a rainbow, 
but we have already seen that this is not the 
essential fact. Rainbows would occur if the 
sun’s light were homogeneous, or all of one colour. 
As it is, the complexity introduced by the disc 
of the sun may sometimes cause the colours 
to overlap one another so much that they neu- 
tralise one another and scarcely appear at all. 
“ This may happen, for instance, when the sun 
shines on raindrops in the low^er strata of the 
atmosphere, through clouds of ice crystals in 
the higher strata. By reflection from the faces 
of these crystals, the source of light is spread 
over a much larger spherical angle, and there 
is no sharp edge to it, as in the case of the 
unclouded disc. The rainbow is then much 
broader and fainter than usual, and nearly 
white.” 

Under favourable conditions one may obtain 
rainbows, colours and all, by means of the light 
of a full moon — “ lunar rainbows.” 

Halos and Coronas. We may follow 
Professor Tait in concluding this subject by a 
brief allusion to the appearances which are often 
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Bsen and which go by these names. Coloured 
halos are due to the refraction of sunlight or 
moonlight through ice crystals, forming the 
particular kind of clouds wmch go by the name 
of cirrus. Such crystals behave like prisms, 
and the character of the halos depends upon 
the definite angles of the ice crystals or prisms. 
On the other hand, when' one looks at the sun 
or moon through a mist or cloud, one often sees 
encircling rings, which are known as coronce. 
The word, of course, is Latin for crowns. Their 
explanation, like tho complete explanation of 
the rainbow, depends upon the undulatory or 
wave theory of light, but they differ from halos 
in that their radiuses are not constant. “ Tho 
size of a corona depends on the size of tlie drops 
of water in a mist or cloud, being smaller as tho 
drops aro larger. Thus their diminution in 
radius shows that the drops aro becoming larger, 
and implies approaching rain.” Tho point is 
to contrast the indefinite size of tho raindrops 
that cause the coromn with tho definite angles of 
the ice crystals, which cause halos. 

Lenses. Having discussed tho laws of 
refraction in general, and their application to 
spherical surfaces, we have seen them illustrated 
in one of the most remarkable phenomena of 
Nature, which has been a subject of wonder and 
legend from tho earliest times. We must now pass, 
as wo promised, to a more practical matter — tho 
application of tho laws of refraction in the various 
kinds of lenses. Of tho more abstract parts of thi.s 
subject, however, wo cannot make a very ade- 
quate study, but we must do so to a sufficient 
extent to enable us to understand the most 
wonderful of all optical instruments, which is 
the eye, and also certain other instruments 
of man’s construction, such as the microscope 
and the telescope. 

The most familiar illustration of a lens, of 
course, is found in tho pieces of glass which are 
put into spectacles. A lens may be made of glass 
or any other refracting medium. Glass is, of 
course, the most commonly employed. Much 
practical interest attaches, however, to tho use 
of lenses made of other materials, which may 
behave otherwise than glass in relation to certain 
portions of what we have called the “ ethereal 
keyboard.” A piece of glass bounded by two 
plane surfaces is, of course, not a lens ; one 
surface, at least, of a lens must form part of a 
sphere, or must, at any rate, be curvilinear. Wo 
confine our attention to lenses which have a 
definite curvature. When the curved surface 
is curved outwards or is convex, we have a convex, 
or converging lens. When it is curved inwards, 
or concave, we have a concave or diverging lens. 
We have already seen what is meant by a con- 
vergent, and what by a divergent pencil of light, 
and our knowledge of the laws of refraction is 
now sufficient for us to understand why the con- 
vex lens is said to be converging, and the concave 
lens diverging. One surface of the lens may 
be flat while the other is curved, thus giving us 
what is called a plano-convex, or a plano-concave 
lens ; or a lens may have one surface convex and 
the other concave, as, for instance, in tb© case of 
a watch-glass. The simplest, perhaps, are those 


lenses which are commonly used for spectacles, 
and which have both surfaces either convex 
or concave. Such lenses are called doubly con- 
vex and doubly concave, or hi-convex and 
concme. 

Lenses and Mirrors. Each lens has 
an axis, and this, in tho case of the bi-convox 
or bi-concave Ions, is a straight lino joining the 
centres of the two surfaces — that is, the centres 
of the circles of which tho surfaces of tho lens 
are parts. The reader must recall w'hat lias 
been said about mirrors in relation to a good 
many of tho terms which aro used of lenses. 
Thus a spherical mirror, like a lens, has an axis. 
Ea"li also has a principal focus. When a 
pencil of parallel rays, such as those coming 
from tho sun or a star, falls upon a convex lens 
in a direction parallel to its axis its constituent 
rays converge after passing through tho lens 
and meet ono another at a point beyond. This 
point lies upon tho axis of the lens, and is knovTi 
as its principal focus. The statement as to the 
convcrgenco of the rays is not completely true. 
It varies from the truth just as does tho similar 
statement which wo made concerning the prin- 
cipal focus of a spherical mirror, and later wo 
shall SCO its consequences. 

But a bi-concave lens — or any concave lens — 
also has a principal focus. It is true that when 
a pencil of parallel rays falls upon such a lens 
they aro caused to diverge, not converge. Tliey 
will never meet ono another. Nevertheless, if 
tho lines of their now course bo produced back- 
wards through the lens again, such lines will 
meet at a point upon the axis. In other words, 
the rays, after passing through the diverging 
lens, will appear to diverge from a point on tlic axis. 
This point is called the principal focus of the 
lens and has tho same signitienneo as the principal 
focus of the convex lens, though it happen to 
lie on the opposite side. Tho distance between 
tho lens and its principal focus, wherever that 
may bo, is a very important fact about tha 
lens, and is known as its focal length. 

Having compared and contrasted convex and 
concave lenses, wo note the simple fact that tho 
divergent lens is thinnest at tho middle, while 
tho convergent lens is thickest at the middle. 
This is true of glass lenses in air, but these charac- 
ters aro interchanged when the refractive ratio 
is reversed, ” as, for instance, when the lens is 
an air space surrounded by water.” Tho laws 
of refraction explain this at once. 

The Law of Lenses. Professor Tait 
summarises tho whole matter in what he calls 
the following ” excessively simple form ” : A 
thin lens increases or diminishes hy a definite 
quantity the convergence or divergence of all rays 
which pass through it. “This quantity,” ho 
says, “ is the divergence or convergence of rays 
failing on the lens from, or passing from it to, 
its principal focus. Or it is the convergence 
or divergence which tho lens produces in parallel 
rays. Thus, if the distance of an object from 
a convex lens be twice the focal length of Uio 
lens, the image is formed at tho same distance 
from the lens, and is equal in size to tho object.” 
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The reason why one has to say “ a thin lens” most “bulgy” lens is the most powerful mag- 

is evident if one consider what happens in re- nifier. The accompanying diagram — note what 

fraction at parallel surfaces. Weknow that when happens to the divergent ray PQ — shows what 

light passes through a pane of glass it emerges, 
not in its original direction, but parallel to it. 

Ill the ease of a lens of any considerable thickness, 
this would introduce a new complication, but as a 
rule the thickness of a lens is very small relatively 
to its focal length, and so we may assume for 
practical purposes that rays which pass through 
the optical centre of the lens are continued in the 
same straight line. This optical centre is defined happens in the production of a virtual ereot 

as a point found in every lens, lying in its prin- image by a convex lens used in the fashion we 

eipal axis, and such that every ray of light pass- ^^^^e deseribed—the essential point being that 

ing through it (‘merges in n direction parallel to the object, the imago of which is formed, lies 

its original direction. In the ease; of thin lenses, nearer to the lens than its principal focus. 

Hiicli rays arc iiractically continued in the same 'pfie Second Kind of Image. But,^ 
straight line. ... a-s every one knows, when we hold up such a 

Wo are already familiar with the phrase simple microscope to the eye, we obtain a very 

cmjiigate foci as describing two points upon amall inverted image of distant objects. The 

the principal axis of a spherical mirror so reader should see this for himself with the aid 

related that the rays upon either arc brought of his glasses, if he be long-sighted, or by means 

to a focus at the other. Similarly, a pencil of a simple microscope, if he possess One, or 

from any point near the axis of a Jens converges means of one of the ohjt^et glasses from the 

on tlie other sid(5 of the lens to another point. eyepiece of his microscope — a seientitic instru- 

whieh is also near the axis. If the lens be con- ment which, in its ordinary form, is inexpensive, 

cave, such a pencil is treated so that it appears surely ought to be in the possession of 

to diverge from another point, similarly near everybody. Convex lenses are used for this 

the axis, but in this case on the same side of the purpose in various ways as, for instance, in thes 

lens. Such jiairs of points in either case are called object glass of a telescope, as we shall see, and 

conjugate foci^ and have th(' relation that the m the familiar and beautiful scientific instni- 

rays of a pencil from either will pass through the ment which is called t he camera obscura. The 

other in the cose of the convex lens, or will accompanying diagram shows the conditions 

appear to pass through the other in the case under which this real inverted image is formed, 

of the concave lens. In order to find the position of the image of any 

Convex Lenses and their Images. point formed by a lens, such as the point P at 

Anyone who has ever possessed a convex lens, the head of the arrow in our diagrams, one 

such as are us('d in spectacles or arc employed should begin by drawing two rays. The first 

as simple microscopes, must have observed is one which passes through the centre of the 

certain facts for himself which may here be lens and has its course unchanged. The second 

briefiy stated. Two kinds of images are pro- is the ray which passes from the point P parallel 

duced by such a lens. The on(^ is real and the to the axis of the lens, and, being parallel, is 

other virtual. The one called rra/ is so because the therefore refracted so as to pass through the 

refracted rays have actually i^assed through 
the point which they appear to passthrough. 

The virtual imago is so-called because the 
refracted rays do not actually pass through 
the point, but mtiroly appear to have diverged 
from it, as can be seen if the rays are produced 
backwards. In enther case the size of the 
image varies directly as its distance from the principal focus of the lens. In the accompany- 

oentre of the Ions. When we use such a glass as ing diagram we have marked these rays 1 and 

this as a simple microscope, we place the lens close 2. The point at which these rays coincide 

to the body to be studied, and we obtain an is the point where the imago of P will bo formed 

upright image of the body, which is virtual, — that is, P 2 on the diagram. Once we have 

The body in such cases must bo nearer to the obtained the position of P we can then con- 

lens than its principal focus. It is so near struct the remainder of the imago, and the 

that the rays from it diverge greatly—so much reader may be left to complete the diagrajn 
so, that the lens, though a converging lens, is for himself. 

not able to destroy the divergence, but merely The Microscope and Telescope, 
to lessen it. Says Professor Tait : ” In using These facts are already sufficient to enable us 

a hand magnifier in this way, we so adjust it to understand the principles of the ordinary 

by practice that the enlarged image appears astronomical telescope and the ordinary com- 

to bo formed at the distance from the eye at pound microscope. Thus, the fundamental 

which vision is most distinct. It is obvious part of the compound microscope is merely the 

that the amemt of magnification must then simple microscope or 'convex lens which con- 

be jfreater as th^ focal length of the lens is less.” stitutes the part of the instrument near the 

This, of course, means, as we all know, that the object and is known as the objeciive. But let 
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UB begin with the telescope ; and first of al1» a 
few words as to its history. 

Here we cannot do better than quote from the 
authoritative life of Galileo, recently published 
by J. J. Fahie (John Murray, 1903). The 
telescope was invented accidentally in Holland, 
in October, 1608, thus : “As the story goes, 
an apprentice pWing with spectacle lenses in 
the shop of one Hans Lipperhey, an optician of 
Middleberg, noticed that by holding two of them 
in a certain position a large and inverted view 
of objects w'as obtained. On hearing of this, 
the master fixed two glasses in a tube so that 
the weathercock on a neighbouring church 
spire could be seen apparently nearer and 
upside down.“ This toy was shown in his 
window, where one day it was seen by a noble- 
man, purchased, and presented to a prince. 
Lipperhey petitioned what corresponded to our 
Parliament for a patent right, and they suggested 
that he should make the instrument so that 
one could look through it -with both eyes, which 
ho did. Their idea seems to have been that the 
instrument would be useful in war. There are 
two other claimants, also Dutchmen ; but the 
interesting fact is that the news of the di.scovety, 
hut no more, reached Galileo in the next year. 

Gali]eo*s Claims. The following isaprccisc 
quotation of a letter written by the great genius 
to his brother-in-law: “ You must know, then, 
that about two months ago” [i.e,, about June, 
1609], “a report was spread here that in 
Flanders a spyglass had been presented to 
Prince Maurice, so ingeniously constructed that 
it made the most distant objects appear quite 
near, so that a man could be seen quite plainly 
at a distance of two miles. This result seemed 
to mo so extraordinary that it set me thinking, 
and as it appeared to me that it depended upon 
the laws of perspective, I reflected oh the 
manner of constructing it, and was at length 
vSo entirely successful that I made a spyglass 
which far surpasses the report of the Flanders 
one. As the news had reached Venice that 1 
had made such an instrument, six days ago I 
was summoned before their Highnesses the 
Signoria, and exhibited it to them, to the 
astonishment of the whole senate. Many of 
the nobles and senators, although of a great 
age, mounted more than once to the top of the 
highest church tower in Venice, in order to see 
sails and shipping that were so far off that 
it was two hours before they were seen, without 
my spyglass, steering full sail into the harbour ; 
for the effect of my instrument is such that it 
makes an object 60 miles off appear as large 
as if it were only five.” 

Galileo's Method. Subsequently, in the 
year 1623, Galileo defends Ins right to be 
considered an independent inventor of the 
telescope. The point is worth insisting on, 
and we will quote, from a book of his, a few of 
the more interesting and instructive sentences : 
“ With this simple fact” [the report about the 
Dutchman], “I returned to Padua and reflecting 
on the problem I found the solution on the 
first night after my arrival. In the next six 


days I made a more perfect instrument. It 
may be said that the certitude of the existence 
of such a glass aided me, and that without this 
knowledge I would never have succeeded. To 
this I reply that without the information my 
thoughts may never have been directed that 
way ; but that such information made the act of 
invention easier to me, I deny, and I say more — 
to find the solution of a definite problem requires 
a greater effort of genius than to resolve one 
not specified ) for in the latter case hasard, 
chance, may play the greater part, while in 
the former, all is the work of the reasoning and 
intelligent mind. I, on the simple information 
of the effect obtained, discovered the same 
instrument, not by chance, but by way of pure 
reasoning. Here are the steps : the artifice 
of the instrument depends either on one glass 
or on several. It cannot depend on one, for 
that must be either convex, or concave, or plain. 
The last form neither augments nor diminishes 
visible objects ; the concave diminislies them, 
the convex increases them, but both show 
them blurred and indistinct. Passing, then, 
to the combination of two glasses, and knowing 
that glasses with plain surfaces change nothing, 
I concluded that the effect could not be produced 
by combining a plain glass with a convex or a 
concave one ; I was thus left with the two 
other kinds of glasses, and after a few experi- 
ments I saw how the effect sought could be 
produced. Such was the march of my discovery, 
in which I was not assisted in any way by the 
knowledge that the conclusion at which I 
aimed was a verity.” 

There are no details about the first telescope; 
but the second was only as strong as a 
moderately powerful pair of opera glasses. An 
opera glass is simply a pair of Galilean tele- 
scopes fixed together. 

Images Formed by Concave Lenses. 

But before we can go any further, we must dis- 
cuss the image formed by a concave lens, for 
it was such a lens that Galileo used as his eye- 
piece, and these lenses are still used as the eye- 
pieces of opera glasses. A concave lens, such 
as short-sighted peojjle use in their spectacles, 
yields an upright image which is virtual. Let 
the reader draw for himself a concave lens with 
a small arrow at some little distance, as in the 
previous diagrams. Let him then draw, as in 
the previous case, the two rays, one passing 
through the optical centre of the lens, and the 
other parallel to the principal axis of the lens. 
As in the previous case, the imago of any point 
of the object from which we start, such as the 
image of the tip of the arrow, will be found at 
the intersection of these two rays. The ray 
parallel to the principal axis, when passing 
through the lens, is refracted in the direction 
of the thicker part of the lens, as the rule invari- 
ably is. The lino of its now cour-se must now be 
produced backwards until it reaches the axis of 
the lens at the point which is, of course, the 
principal focus. \^en the figure is completed, the 
reader will see why the imago formed is smaller 
and erect, and why it is said to be virtual. 
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' By Professor JAMES LONG 


GREEN AND DRIED FODDERS 

Grass. Whore grass is of good quality, it 
stands first as a food for farm slock ; not only 
providing a ration at less cost, but involving 
the employment of less labour [page 875]. 
It should, however, be young, and young grass 
is secured by the careful admixture of varieties 
which flower at different j^eriods, and by the 
omission of those which are not appreciated by 
the animal and wliich arc consequently left to 
grow old and tough. Constant grazing ensures 
ycning and tender herbage, while judicious 
maiiuring, the land being dry, or, if necessary, 
drained, equally ensures high quality. Grasses 
of identical varieties arc found on soils of 
different typos, and yet cows Avill milk heavily 
and fatting cattle increase rapidly in Aveight 
in one ease, while neither Avill respond in the 
other. Ihis difficulty may be largely obvi«ated 
by the supply of dung or artificial manure.s. or 
by folding slieep which are fed with cake. Simi- 
larly, where livestock arc turned out to graze 
jjpon poor pastures, good results will follow by 
the increase of their produce and the improve- 
ment of the herbage if they are simultaneously 
hand-fed with rich food. Ten pounds of good 
dried grass is equivalent in feeding value to 
GO lb. of mangels or cabbage, and to 100 Ib. 
of white turni])s ; hence the im}K)rtaiice of 
ensuring quality both in the grass and in the 
hay produced from it. Grass enables a farmer 
to feed his stock upon green or succulent food 
throughout the entire year, while it may be 
employed in conjunction with green forage, 
roots, and cabbage. 

Jt lias liecn demonstrated that the feeding 
quality of grass may be largclj’^ increased by 
the aid of artificial manures, and to such an 
extent that sheep fed upon a jiasture thus 
improved will jiroducc mutton equally as w'cll 
as if, when grazing on unimproved grass, 
cake is added to their ration. Pastures differ 
so materially in character and value that 
Avhile a bullock will fatten upon one, it will 
starve on the other. This is in part owing to 
the inferiority of the soil and lack of manuic, 
and partially to the fact that during the grazing 
season it suffers from drought. The grass 
produced in a meadow after the hay crop has 
Iwen removed, although extremely useful, is 
of much less value than the first crop. For this 
reason, aftermath, or second -cut hay, possesses 
a diminished value. The yield of grass on 
a pasture varies from 5 to 12 tons per acre ; 
the smaller yield of poor grass on unimproved 
land suggests the importance of manure in order 
to secure a maximum )aeld combined with high 
quality. Such a yield may feed four times the 
number of stock . 
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Rye Grass. This is frciquently grown as a 
special crop, and, whore possible, is manured 
with liquid manure after each cut, ensuring at 
least three crops in a season. In some cases, 
the soil being peculiarly adapted to its growth, 
the weights produced are enormous. Rye 
grass is one of the richest of gi’een foods. Coavs 
may bo tethered upon either pasture, meadow;, 
(ffover mixture or lye grass, care being taken 
not to give them too large an area. 

Clover. This food is richer in albuminoids 
than grass, and is better adapfed for horses, 
swine, and sheep than for cattki [page 940 J. 
In the United States it is quite common to pro- 
vide clover patches into Avhich swdne are turned 
to feed with good results. The practice of 
turning sheep into clover in this (country in 
folds or oven in fields is commonly adopted. 
When supplied to cattle, clover shoukl be 
supplemented with a food rich in carbohydrates, 
such as maize meal, barley meal, or rice meal. 
When cut clover is supplied to horses, it should 
1)0 allowed to wilt. A good plan is to cut it 
a day before it is reijuired. 

Trefoil, Trefoil is oticasioruilly sown alone 
as sliecp food, but a perennial plant of trefoil, 
whether in pasture or meadow, immensely im- 
proves its feeding value. 

Lrucerne (Fr. and Ger., Luzerne). This 
crop [page 1197], very largely grown in the 
United States (where it is known as “alfalfa”), 
Argentina, and the Continent of Kurope, is adapted 
to the warmer districts and the deep, rich soils of 
this country. It is largely grown in the Kastern 
counties, from Norfolk to Kent, and provides 
one, of the richest of foods for stock of all kinds. 
Nothing is more useful for horses, whether 
green or dry, but being rich in albuminoids, it 
may be advantageously Buppkunented with 
maize meal. 

Well-balanced Rations. The following 
figures arc suggested quantities of concentrated 
food which may be added with advantage to 
various green foods in order tliat the ration may 
bo better balanced. 

cqtOl’S RICH IN AL131JMIN01DS. 
Lucerne . . . . 100 lb. add niaizo or rice meal 6 lb. 

Sainfoin . . 125 „ „ 4 „ 

t>inison clover 150 „ „ 4 „ 

Vetches .... 1 25 „ „ 6 ., 

Clover .... 140 ,, „ 4 „ 

GREEN FOODS NEEDING ADDITIONAL 
ALRUMINOIDS. 

Cabbage .. .. 150 lb. add cotton -seed meal 2 lb. 

Italian ryegrasa 100 „ ,, 2 „ 

Rye .... 125 „ „ 2 I, 

Maize forage . . 160 „ „ 4 ,, 

As lucerne may be cut three times between 
May and September and still provide a fourth 
crop for grazing, it should be grolim on every 
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farm suitable to its requirements. Although 
cattle and horses may be tethered upon it, it is 
better to cut what is required a day before it is 
supplied to stock. By the aid of lucerne, 
horses, cattle, and pigs may be stall or sty fed. 
In four cuts from 15 to 25 tons may be secured 
in a season. 

Sainfoin (Fr., Esparcette ; Qqiv.,^ Esparsette). 
This ciop is largely grown as sheep food, 
especially on the chalks and soils rich in lime. It 
makes an excellent change for sheep, and is cut 
twice yearly, yielding from 14 to 17 tons of green 
forage jxir acre. M"he hay is wt.11 adapted for 
horses, and is relished by stock of all kinds. 

^^tches or Tares (Fr., vesces ; Ger., 
FuWrwicken), The.>?e are chiefly grown as horse 
and sheep food, sheep being folded upon 
the crops. Being rich in albuminoids, it is 
bettor adapted for both classes of stock when 
sown with a mixture of oats or rye, both of 
which enable it to stand up better. Winter 
vetches supply an early May green crop, whik^ 
those which are spring sown are ready in autumn, 
HO that the plant is available for a long jx^riod. 
Vetches should Iw consumed when young, 
inasmuch as they are more digestible, but 
never given to horses or cattle quite fresh. 
Where sheep are folded on the crop they should 
be gradually accustomed to it. Vetches, when 
given in medium quantities with othei- foods, 
add to the milking pow'ers of the cows, and are 
relished by swine. When grown for seed, the 
straw, or haulm, being comparatively rich in 
albuminoids and carbohydrates, may be used for 
either cattle or horses with advantage. Vetch hay 
is seldom produced, but forms a substantial ration. 

Maize (Fr., mais). The experience of 
the writer, who has grown this crop <luring 
many seasons, is that it is one of the most 
valuable on the farm [page 1198], On suitable 
land well manured and in a warm climate, 
from 20 to 35 tons per acre may be produced 
in a good season. The crop is cut and dis- 
tributed among the cattle on the pastures 
during August and September. Maize is 
esijecially valuable in a season of drought, 
when it seems to thrive best. It may be cut 
up by the aid of a special chatl-cuttcr, and 
preserved in a silo for winter use. When green 
it is sweet, practically ail edible if not too late 
cut, and, used with cotton-cake or bean meal, 
is most valuable for cattle, sheep, and swine. 
A 20-ton crop yields three times as much non- 
nitrogenous food as a 10- ton crop of vetches, 
although the yield of nitrogenous matter is 
much smaller. 

Rye (Fr., seigle ; Gcr., (hocn 

rye, apart from its value as one of the earliest 
green crops of the year, is almost as rich a food 
as average meadow grass, and therefore assists 
in bridging over the season between winter 
feeding and summer grazing. It should be 
cut whiile young, and employed as a soiling or 
forage crop in the manger or on the pasture. 

Rape, Coleseed* or Colza. This crop 
is largely grown as a sheep food, sometimes 
combined with mustard. Under good cultiva- 
tion it. produces a large yield, and being a rich 


food, with a high nitrogenous ratio, is well 
adapted to its purpose. It should not be given 
to cows in large quantities, owing to its liability 
to impart a flavour to milk. 

Cabbage (Fr., chon ; Gcr., Kohl). Although 
apt to cause looseness among stock, cabbage is 
one of the best of the bulky foods. It is much 
relished, a good milk producer, and wlien grown 
in the form of thousand-hoaded kale, forms one 
of the best and most' economical of sheep feeds. 
A ration for cattle is from 40 to 50 lb. daily, but 
cabbage should always be given in conjunction 
with dry foods, which include at least one variety 
of an astringent character, such as cotton-cakc 
or bean meal. 

Comfrey. This forage plant is mentioned 
chiefly that it may be avoided. It has been 
much lauded as a prolific and economical cropper. 
Certainly it produces a large quantity of forage 
w'ith little trouble, but the food is essentially 
poor, it is not relished by stock, and once 
planted, it is most difficult to eradicate. 

Gorse, Furze, or Whin, This well- 
knowm w'ild plant is really a rich food, but on 
account of its prickly character it must be bruised 
before it is supplied to stock. This is accom- 
plished by the aid of a special machine known as 
a masticator. In districts where the supply is 
large, it forms an excellent addition to a winter 
ration on farms where forage crops of the best 
class do not grow with freedom. 

Sorghum (sacchamtmn) is a substantial 
plant which succeeds in this countiy during hot 
.summers. It somewhat resembles maize in the 
stalk, but it is mucli finer, and bears no cob. 
It is rich in carbohydrates, chiefly sugar, and 
owing to its sweetness and .succulent character, 
i.s much reli.shed by cattle. Sorghum, which is 
one of the millets, however, is quite, an un- 
certain crop. 

Potatoes. This popular tuber [page 945], al- 
though yielding a much smaller wTight to the 
acre than mangels, swedes, or turnips, is much 
richer in nutritious feeding matter tlian the 
mangel, containing 20 jier cent, of starchy 
matter. Where potatoe.s arc largely grown, the 
unsalable or small tubers form an excellent 
addition to the ration of the pig or of cattle, 
cooked or uncooked ; 20 lb. a day arc suffi- 
<*ient for a cow or bullock. We believe, how- 
ever, that the most profitable method of utilising 
small tubers is to steam them for swine, and 
to use them in conjunction with .skimmed milk 
and barley meal. 

Carrots. On suitable soils large yields of 
this crop are produced, and form a most 
economical food. Carrots are highly relished 
by all classes of stock, and arc especially 
valuable for-cow'^s and swine. For the former 
as much as 40 lb. a day may be given with 
advantage. They are rich in sugar, keep well, 
but should be fed in conjunction w'ith the richer 
cakes and pulse meals. As many as 20 tons J3er 
acre may be produced on good, sandy loam. 

Parsnips. These roots arc similarly sweet 
and as nutritious as the carrot, both being 
superior to swedes and turnips. They form an 
advantageous addition to the ration of cows and 
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pigs. Tliey pay well to grow, and as many as resembling that of the latter plant. Kohl-rabi 
12 tons per aero are produced. does not produce such large weights per acre as 

Mangels. This popular root [page 942] is cither cabbage or turnips, but it is a splendid 
one of those farm crops which are practically change for stock, and is especially valuable in a 
indispensable where stock is kept. It varies in dry season. Including the tops, the weight 
quality, some varieties, like the smaller as com- grown reaches from 25 to 30 tons per acre, 

pared with the larger roots, containing much although the average crop is much .smaller, 

xnoro feeding matter than others. It is one of chiefly owing to insufficient manuring and im- 

the greatest aids to the winter ration of cattle, perfect cultivation. Rabi is an excellent food 

for which it is pulped or sliced, and used in a for dairy cattle, and may be used with some 

mixture with other foods. It is valuable for swine freedom inasmuch as it is not likely to impart 

and sheep, while the ploughman is glad to help its flavour to the milk. 

himself to an occasional root for his horses. Swedes (Fr., rvtahaga) and Turnips 
Feeding on mangels usually commences mth (Fr., navel ; Ger., RUhe). These are two of the 

January, while the bulbs, if carefully clamped, most extensively employed of suooulent foo(k, 

will keep until the following July. It is superior although they are perhaps chiefly grown for 

in feeding matter to the swede, especially when sheep. Both are highly suitable for cattle, and 

not grown to too large a size, for the bigger the both are usually pulped or sliced by machinery 

mangel the smaller the percentage of the feeding a practice which is common for sheep which have 

matter, which largely consists of sugar. For lost their teeth, and for fatting and milking cattle, 

fatting stock the globes and intermediate, or For cows the tops or crowns of the bulbs should be 

tankards, are preferred, while the long reds are removed, as they impart a strong flavour to 

often selected for milk produc'tion. Were milk. Turnips, both white and yellow, are used 

mangel-tops dried on the principle adopted in early in the season, as they do not withstand 

Germany, where the tops of beet are dried for frost, swedes being consumed next, as they 

winter fodder, a valuable as well as an agreeable are much hardier. Swedes are in most cases, 

addition to the winter food of cattle would be specially in the southern half of England eaten 

se^r^. in the field by sheep as they stand, or, in case of 

Kohl-rabi (Fr., chourave ; Ger., Kohl- hard frost, after being pulled up with a pick. 

riioe). We have in this plant a combination of White turnips are inferior to yellow turnips as 
the root and the cabba^i . 5 , the flavour more closely they contain slightly less sugar, while both white 
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and yellow are inferior to swedes, which contain 
2 per cent, more sugar. Swedes, however, in their 
turn are inferior to mangels. The swede differs 
from the turnip as it possesses a' neck, which is 
absent in the turnip. Both swedes and turnips 
are supplied to young stock which are being 
kept in store condition, although the quantity 
given to calves which have been weaned is at 
first but small. Fatting cattle receive large 
rations of both roots combined with chaff, meal, 
and cake. 

Brewers’ Grains. Although not a green 
food, grains may be included under the heading 
of succulent foods. They are at. their best when 
sweet from the brewery, as they are more appe- 
tising, and less likely to spoil the flavour of the 
milk, for the production of which they are 
chiefly employed. In a good sample, the di- 
gcMible matter present reaches about 13J per 
cent., of which nearly one-third consists of 
iilbuminoids. They are cheapest, in summer, 
when they are usually purchased by stock 
owners for pitting for winter use, but the process 
is followed by a eliange from the sweet to a sour 
condition, often bordering upon such advanced 
decomposition that they are really unfit for i48e. 
Unless the pric^e is low and the distance to the 
brewery alight, it is questionable whether it is 
not more economical to use dry or desiccated 
grains which, by the addition of water, are 
practically brought to the condition of fresh, 
wet grains, and thus to obviate the necessity for 
so much haulage. Fresh grains contain about 
70 per cent-, of water, so that it- is necessary to 
haul 3 tons of water to every ton of dry feeding 
matter. The summer prices of brewers’ grains 
should not be higher than 3d. per imperial 
bushel, although it is usual to measure by the 
brewer’s bushel, which holds much less as we 
have by actual test found to be the case. As 
compared with bran costing £/> a ton, grains at 
4Jd. to Gd. per bushel are an expensive food. 
Where wet grains are purchased by the ton, the 
water contained is usually excessive ; in any 
case, however, we believe that desiccated grains 
will be found most economical bet ween autumn 
and spring. 

FEEDING CAKES 

Linseed. Linseed is a food which is 
adapted for use only in small quantities, owing 
to its exceptionally high percentage of oil. 
The best method of prej)aring it for addition 
to a ration is that of steaming. The quantity 
required is placed in water in any suitable 
vessel, and the steam conveyed to it direct from 
a boiler ; failing this, it may bo boiled in 
water, and when the oil has reached a form 
of emulsion, it may be mixed with the food 
— chaff and meal — ^iti the manger. It is well 
adapted for growing calves and young stock, 
and occasionally for cattle and horses, but 
only in very small quantities. 

Linseed Meal. This is. one of the most 
useful foods for young calves, being frequently 
employed as a milk substitute. It is cooked 
either in water or skimmed milk, and usually 
forms a loading constituent in all patent or com- 
posite calf foods. 


Linseed Cake The most popular of all 
purchased stock foods is linseed cake, which is 
a by-product of the linseed oil mill. Linseed 
or flax seed provides two important products — 
the fibre and the oil, which reaches some 35 per 
cent, of the weight of the seed, although many 
samples contain eitlier more or less ; thus, in a 
bushel of linseed the oil averages about 18 lb. 
In the process of extraction some 8 to 12 per 
cent, of oil is left in the dry residue, wliich, pressed 
into cakes, is sold to farmers at- prices varying 
from £7 to £9 per ton for the feeding of their 
stock. Under what is known as the new process 
of oil extraction by the aid of napht-ha, the 
residue contains but a small percentage of oil — 
some 3.J per cent-, —but slightly more? albnminoid^i 
and carb()hydrat-(^8. For fattening purposes 
and for calvc^s, tlicrcforc, the old process food 
is undoubtedly better, biit for general purposes, 
and especially for milking cows and store stock, 
the new process product, wlien the prices are 
relatively lower, will be found equally valuable, 
although there are differences of opinion, which 
experiment-s have not dissipated, as to the 
relative solubility of the albuminoids. It is 
probable, how^t^ver, that cake made in the old 
w'ay provides more digestible nutritious matter. 
Linseed cake is essentially a food for calves or 
young cattle and fattening beasts as w'cll as for 
fattening sheep and lambs. In very small 
quantities it is useful for horses, as when given 
occa-sionally for putt-ing on flesh and adding 
brilliance to their coats. For milking cows it is 
not equal to cotton cake. A sound cake, w’^hat- 
ever its variety, should be at least- 95 per cent, 
pure, and should be in sweet, sound condition, 
free from any adulterant and containing less 
than 2 per cent, of sand. Lawses found that the 
feeding value of stock foods advances from 8s. 7<1. 
per ton in white turnips to £1 1 5s. for linseed cake. 

Cotton-seed Cake. This product, also 
a residue or by-product of the oil mill, is made 
in two forms. We have first the raw cake 
containing the husk, which is tough and indigest- 
ible, and the decorticated cake, from which the 
husk has been removed. The husk contain.s 
some IJ to 4J per cent, of nitrogenous matten*, 
hut remembering it*s high percentage of indigest- 
ible fibre, it is unfit for food, and even dangerous 
when given t-o young stock in substantial 
quantities. The prepared kernels of the seed, 
which contain some 27 per cent, of oil. are heavily 
pressed for its removal, some 40 to 50 gallons 
being obtained from a ton of seed. According 
to Jordan the following figuro-s represent the 
compo.sition of cottonseed and its by-products 
after fairly complete separation. 
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The decorticated cake, which is bright yellow 
in colour and sweet and nutty in flavour, is much 
to be preferred, and although its cost is greater, 
it is distinctly more economical than the common 
cake. All pure cottonseed meals are similar 
to the best cake in these particulars. If tiny 
articles of the black husk are present in a meal, 
owever, it is an indication that the husk has 
been finely ground and mixed with the pure 
meal. Cotton cake is neither used for horses nor 
s-wdne, but it is a highly valuable food for fattening 
cattle and sheep owing to its richness in the three 
nutritious constituents of food, but in purchasing 
care should be taken to ensure, by guarantee, 
that the quality is good. Cotton cake may ho 
mixed with linseed cake when necessary to 
moderate the laxative character of the latter. 
It is believed to influence the firmness of butter 
and the increased production of milk. 

Other Feeding Cakes. Palm nut, 
rape, sesame, coconut, sunflower, and other 
cakes, whieli are chiefly used in continental 
countries, are little known in (ireat Britain. 
Rape cake, a by-product in the extraction of 
oil from rape or colza seed, is not relished by 
stock, although it is rich in oil and other feeding 
materials, a remark which applies in still greater 
degree to palm-nut cake, wdiich is of a more agree- 
able character ; to coconut cake, which is excep- 
tionally rich in oil and digestible carbohydrates ; 
and to sunflower cake, which, while containing 
loss oil, is jis rich as the best cotton cake in al- 
buminoids. 

Beans and Bean Meal (Fr., fhe ; Gcr., 
Bohne), Bean meal, owing to its purity, which 
the feeder can so easily ensure, is much used in 
Scotland for milking cattle. The bean [see page 
874J is extremely rich in starchy matter and 
albuminoids, but poor in fat. It is seldom 
economical to employ the home-grown bean for 
stock, inasmuch as the farmer can realise higher 
prices in the market than would warrant him in 
so doing ; his best plan is to purchase fonngn 
beans and to grind or crush them for use. Bean 
meal costing up to £7 a ton may be employed 
with great advantage for cows and feeding stock 
up to 4 lb. a day, while for sheep crushed beans 
in small quantities form a valuable addition 
to a mixed ration, Crushed or cracked beans, 
as we have showm in our reference to the feeding 
of horses, form a great help to the animal where 
the work is sovcjre, while an occasional handful 
to store pigs is most advantageous. 

Peas and Pea Meal (Fr., jxns ; Cor., 
Erhse). Tlie pea [see page 874] is a food which 
is supplied to cattle and sheep, chiefly indeed 
to milking cows, in the form of meal in a mixed 
ration, and to tlie extent of 3 Ib. or 4 lb. daily, 
and to swane with potatoes, and cracked or 
crushed in small quantities to sheep. Rich 
in albuminoids, peas form an invaluable addition 
to a ration, and although also rich in starch, 
crops grown upon the English farm are more 
profitably sold and replaced by samples of 
foreign or colonial origin. 

Lentils. Lentils arc not often obtainable, 
but when the price compares with that of 
imported peas or bean.^, they are a useful food 
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m the form of meal, containing as they do simili 
proportions of albuminoids and oarbohydrat< 
and slightly more oil, but they should be olea 
and sweet. This is an important feature t 
remember in purchasing all varieties of irn 
ported pnlse, and especially consignments fror 
India and Egypt. 

Barley and Barley Meal. Whole dr 
barley is supplied to poultry alone ; but haviiij 
been cooked or soaked, it may be given to pigs O; 
cattle, although the practice is quite uncommon 
Oushed barley is occasionally supplied to horses 
although as a food it is inferior for their work 
to the oat. Barley meal, however, is commonl}/ 
supplied to cattle, forming part of a mixture of 
the fattening ration. It is still more frequently 
used for swine either mixed with water or 
skimmed milk. Barley meal is often inferior, 
for it is generally produced from a poor husky 
foreign sample, mixed with other mill refuse 
which, ground to a state of flour, it is difficult 
to distinguisli. The offal barley grown on the 
farm, when crushed, forms a useful addition 
to the feeding ration of sheep. 

Malt. This food is slightly superior to 
barley, as well as more palatable, owing to its 
swi^etness, which is occasioned by the process 
of conversion of starch into sugar. It is, how- 
ever, for the farmer to determine when to use 
malt instead of harley, the price for a given 
weight being, perhaps, the chief factor. 

Malt Sprouts or Combs. This is one 
of the most appetising of stock foods, and one 
which is especially rich in albuminoids, so that 
it may be employed with maize meal, roots, 
straw, and inferior hay, with great advantage. 
Hero again, price determines how much and 
when to use a valuable feeding stuff. 

Wheat and Wheat Meal. Apart from 
its being somewhat unsuitable as a stock food, 
wheat [see page 872] is too costly ; but crushed, 
it may, if used in small quantities, form part of 
the rations of cattle and sheep, while it may bo 
given whole to store swine, a handful at a time ; 
or, when steamed or crushed, mixed with maize 
or barley meal. Under all conditions, however, 
wheat should be used with exceptional care, and 
the remark applies equally to wheat meal. 

Bran, Pollard, and Middlings* Tliese 
by-products of the mill, which have been 
largely deprived of the starchy matter of the 
wheat grain, are among the most valuable of 
st(^k foods. Bran is not only nourishing, but, 
being laxative, possesses a valuable physi-al 
influence. It is most palatable and sweet, and 
is consequently relished. It is ri(?h in nutritious 
matter, of which it contains some 60 per cent., 
nearly 12 per cent, being albuminoids, so that it 
is naturally well-balanced. It is useful as an 
addition to cotton cake and the pul^ meals, 
and when costing £5 a ton, is one of the cheapest 
foods on the market, but it should be pure and 
floury. Bran is specially advantageous, as a 
ration in the form of a mash for cows at calving, 
or for ailing cattle and horses ; but the ffieder 
is cautioned against inferior samples, especially 
those produced in roller mills, some of which 
contain a high percentage of worthless huslra or 
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fibrous matter, which is employed as an adulter- 
ant. The wheat offals Known as pollar(J, 
middlings, blues, and dan, to which many other 
local terms arc applied, vary in character, 
appearance, and quality, in a high degree. These 
foods may contain 57 j^er cent, of nutritious 
matter, including 11 per cent, of albuminoids, 
and 44 per cent, of carbohydrates, or they may 
roach 60 per cent, of the last named, as against 
65 per cent, in the whole grain, and yet the best 
are approximately similar, or even superior in 
feeding value. The finer offals are more gener- 
ally used for swine, especially sows and their 
young, than for stock of any other kind. Indeed, 
iiko wheat flour, they are too sticky in character 
and too costly to ust*. in large quantities for 
cattle. 

Oats and Oat Meal. Reference to the 
feeding value of the oat in the ration of the 
horse has already been made in the section 
upon horses [page 2074]. No food, however, 
is of greater value as a constituent of tlu* ration 
of calves and young cattle in general, of lambs 
and adult sheep and of cows, but in all cases the 
grain should l)e crushed. Tlvc oat [page 873], 
however, is too costly as a common stock food, 
but grotind oats, in which the constituents of the 
whol(* grain an? present, are commonly employed 
for poultry, and but for its somewhat costly 
character might be advaritageoiisly supplied to 
ealvc^s and lambs, mixed with chaff and other 
foods. Oat hay — tc., the dry oat plant which 
has been cut. before ripening, and consequently 
containing all the nourishment of the grain and 
the straw — is excellent fodder for horses and 
cattle, but it should be cut into chaff. 

Maixe. Although maize vari(‘S in price, some- 
times falling as low as 13s. a quarter of 480 lb., 
and at others reaching 26s., it is one of our most 
important feeding stuffs, owing to its weight per 
bushel and its richness in nutritious matWr, of 
which it contains some 80 ixn' cent. Maize, 
however, is poor in albuminoids, wliich it is 
therefore essential to add in some otlier form. 
Maize meal is chiefly used for cattle and swine, 
crushed or cracked maize for sheep and liorses, 
and cooked maize for fattening pigs. A material 
known as Maize (ienn MeaU costing about 
per ton, is now largely used, owing to the fact 
that it is exceptionally rich in fat and albumin- 
oids, although it is tlie. residue after the extract it)u 
of most of the oil. Next to the two layers of the 
outside husk of maize, wliich is chiefly tibroiis 
in character, is a covisring of cells which are 
especially rich in gluten. This gluten forms the 
chief constituent of two foods which arc now 
commonly used in the United Stattw, but which 
have but recently found their way into this 
country. Jordan points out that OhUen Meal 
comes from the flinty portion of the maize 
kernel, while the Ghden Feed is composed of a 
mixture of the hulls and the gluten, (llutcn 
meal is extremely rich in nitrogenous matter, 
while both gluten feed and maize germ meal 


contain a high proportion of the same valuable 
constituent. 

Rice Meal (Fr., Hz ; Cer., lieifi). Rico 
meal is exceptionally rich in starch, of wliieli it 
contains from 47 to 55 per cent., tin? albu- 
minoids varying from 8 J to 11 j)cr cent., and tho 
oil from 81 to 14 per cent., although it is doubtful 
whether the oil of rice can be rcgardtxl from a 
nutritious standpoint in tin? same light as tho 
oil of cereals and cakes. In any ease, rice is 
rich in feeding matter, and, at its" averag<* ])ri<*e, 
one of the cheapest foods on tlic market, when 
pure. Impurity, however, is by no means an 
uncommon feaUire in this material, and tho 
buyer should at all times guard against it. 

Straw. Wheat straw is commonly em- 
ployed when cut into chaff for horses and cattle, 
but among the cereals it is inferioi- to oat straw, 
containing less of each of the thice nutritious 
constituents of food. OcU straw is softer, })rob- 
ably more digc'stible, and better adapted for 
stock, both in its long and short cut condition. 
There are, however, still doubts, as shown by 
each investigation which has Ix'cn made, as to 
the proportion of straw whieh is digestible, and 
e.onsequently valuable as a nutrient. Ihje straw 
is too tougli and too valuable for other purposes 
to be employed as an economieal food, while 
barley straw — we refer to tlu^ winter variety — 
is not only inferior to oth(*r straws, but is an 
irritating material when employotl for food or 
litter, and its use is often followed by the presence 
of insect parasites. The straw of summia* 
barley is much supcTior to that of winter barley. 
The haulm, or straw, of peas, beans, and vetches 
is riehei — bean straw in particular — in albu- 
minoids than the straw of the cereals, while the 
other constituents are practically analogous. 
The straw, or haulm, of all the pulse crops — and 
the remark equally apjflies to the chaff, or husks 
and cavings — should be carefully preserved as 
animal fodder. The husks of the cereals closely 
resemble the straws from whieh they arc derived 
in their feeding propertit's. 

Various Other Foods. The acorn, .so 
largely consumed in autumn by rattle, sheej>, 
and pigs, and for wliich farmeis an* aecustonied 
to pay from 6d. to Is. a bushel to those who 
gather them, is a highly astringent food, con- 
taining only 38 to 40 pei' cent, of nutiiiious 
matter, chiefly carbohydrates, and it is question- 
able whether the risk involved in its einploymeiit 
is not greater than the benefit derived. It is, 
however, almost irnyjossible. where oak-trees 
abound, to prevent ealth' and sheep at libi'ity 
consuming them at will. The locust beaa is 
exceptionally rich in sugar, its other food 
constituents being wry small. 'Fliis is a valuable 
aid, when supplied in small quaniitit‘s, to a 
nitrogenous ration, or to any ration which it is 
desirable to make more palatable. The arti- 
choke — where large quantities can be produced 
at little cost— is a useful food, slightly less 
nutritious than the potato. 
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one at a time ; squeeze them out of the 
starch, and rub them well between the hands 
to get the starch into the folds, and repeat the 
process of starching and rubbing to make sure 
that this is done. Place the starched things 
separately on a clean cloth, and roll them up 
tightly ; allow them to stand for two or three 
hours if possible in a cool place before ironing, 
as they can ho ironed 
much more easily and 
smoothly if this is done. 

When ironing, take one 
collar or culT out of the 
cloth and place it flat on 
the ironing table ; v 'ne 
each side with a clean 
cloth to remove any 
specks from the linen, at 
the same time pushing 
any fulness from the top 
to the bottom ; a bone 
paper-knife may be used 
with good effect. Have 
ready a clean hot iron, 



But care should be taken when those are used, 
as they generally consist of some chemical pre- 
paration which is very inhaminable, and the 
linen is easily scorched and discoloured. The 
best method is to use a glossing iron. This is a 
small iron cased with steel, and costing about 
Is. 3d. No. 1 is the best size to use. 


All the linen should be ironed btifore glossing. 
Heat the glossing iron, and sec that it 



is perfectly clean, for the slightest 
speck of dirt will spoil the result. 
Damp the outer fold only of the 
linen - collars are generally fourfold — 
with a cloth wrung out of cold water ; 



place the collar or cuff on 
a hard surface — a board 
is generally used — and 
with the heel of the gloss- 
ing iron rub quickly and 
heavily over the surface, 
one way only, until it 
i bright and polished. 
Unless the article has 
been well ironed, and 


• rub it on the wax to pro- (a) 
vent it from sticking, and 14 . examplki 

test the heat of the iron 

on a piece of calico. If too hot, it will cause 
the linen to “ mackerel,” that is, it will cause 
numerous small creases w'hich cannot be re- 
moved. If too cold, the linen will not be stiff, 
as the heat of the iron is not sufficient to cause the 
starch grains to hurst. Iron lightly on the wrong 
side of the collar or cuff two or three times, then 
heavily on the right side, pressing out the creases ; 
iron on both sides until perfectly stiff and dry. 

To Curl Collars. Place an iron on the 
left-hand side of the collar, and pull the collar 
sharply from underneath it, pressing the iron 
downwards with the right hand. If done 
quickly, the collar will “ curl ” as desired. 

Shirts. Prepare the starch as for collar 
and cuffs ; dip the cuffs into it, holding the hand 
tightly on the sleeve above them, to prevent 
the starch from going into it ; wring out the. 
cuffs, and rub the starch well into the linen ; 
repeat 'the process, and starch the shirt front in 
the same way, taking care that the starch docs 
not go into the body part. Place the cuffs on the 
front, roll tliom up tightly, and let the shirt lie 
for two or three hours in a cool place. 

In ironing a shirt, first iron the neckband 
and yoke on both sides, then the cuffs aud 
sleeves ; then fold down the centre of back, 
and iron on both sides. Iron the front of the 
shirt on the back, putting a pleat down the 
latter. Place the shirt-board underneath the 
linen front, and iron the front carefully, drying 
it well ; gloss the front and cuffs, and fold and 
air well. Fig. 14 shows how a shirt should he 
folded. 

Blouses are ironed in practically the same 
way. If stiff collars and cuffs are desired, 
they must be starched with cold starch. 

How to Gloss Linen. Various prepara- 
tions are sold which aro said to give a gloss 
to linen. One, a glossing block, is rubbed over 
the starched articles before they are ironed. 


is quite free from all 
OF FOLDINO specks, it is useless to 

attempt to gloss it ; it 
only makes the defects mon^ noticeable. 

Laces. White hice should be first steeped 
in cold borax water — one tablespoonful of dis- 
solved borax to one quart of water. Wash it in 
warm water with melted soap, squeezing, but 
not rubbing it, between the hands gently. Then 
rinse it in clear, warm water. Stiffen it with 
thin boiled starch, or rice water, made by boiling 
a tahlespoonful of rice in one pint of water until 
the latter has a milky appearance, then straining 
the liquid and usitig jis required. In the case of 
silk lace, gum water should be used. Fold it 
evenly, place it between a cloth, and mangle it. 
Iron it on the wrong side only, pressing out the 
points with the toe of the iron. Maltese and 
Honiton lace should not be ironed, but should he 
pinned out carefully by the pattern on a board, 
aud left until dry. Cliiffon may bo washed as 
hice ; if put into a wide-mouthed bottle with a 
soap laUu*r and well sliaken, much handling may 
be avoided. Iron at first witli a cloth over. 

White Silk and Ribbon. If very dirty, 
steep the silk in cold water, as the laco. Wash it 
in w^arm soap lather — avoid (;racking the grain 
if the silk is corded — squeeze it between the 
hands, or scrub it gently with a soft brush. 
Rinse it in clean water to which blue may be 
added if desired. Stiffen it by using one dessert- 
spoonful of gum water to one pint of cold water. 
Thti same amount of methylated spirit may be 
added to increase the brightness of the silk; 
then place it between a cloth and mangle. 

Iron silk with a cloth over it at first; if 
the iron comes in direct contact with the damp 
silk, it will stick and leave a brown mark. Only 
a moderately hot iron should be used. 

Coloured Silks. Coloured silk and chiffon 
may be washed as white, with these exceptions. 
Add salt to the steeping and rinsing water. 
Steep it a few minutes only in cold water. The 
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water should be nearly cold for washing and 
rinsing. One tablespoonful of vinegar may be 
added to the rinsing water to revive the colour. 

Quick washing and rinsing are necessary to 
preserve the colour, and, in addition to these 
precautions, the silk or chiffon must not be 
allowed to remain damp, but must bo ironed 
immediately after it has boon washed. 

Black ribbon or lace may be washed in strong 
tea, a little melted soap being added if the 
article is very dirty. Rinse it in tea to which 
has been added a little gum water. Iron the silk 
or lace with a cloth over to avoid glazing it. 

Gum Water. To make gum water, add 
one oimce of gum arabic to half a pint of 
cold water. Place the crystals in a jar 
with cold water ; stand the jar in a saucepan 
half full of water, and let it simmer 
gently on the firo until the gum is all dis- 
solved ; strain it through a piece of muslin 
into a bottle, and use as desired. From one 
teaspoonful to one tablespoonful may be added 
to a pint of cold water, according to the stiffness 
desired. The gum arabic may bo bought from 
any chemist, and costs from Id. to 4d. an ounc<‘. 
The cheaper quality may bo used if strained 
well after it has been dissolved. 

Bran Washing. Kmbroidcred linen and 
canvas, particularly the unbleached varieties, 
may be washed in bran water, which givt^s 
them a slight stiffness and helps to retain their 
natural shade 


Add one breokfastcupf ul of bran to two quarts 
of cold water ; boil it for about ten minutes, re- 
moving the scum which rises ; strain and add 
one quart of cold water, and use for washing and 
rinsing the materials. A little soap jelly may be 
added to the water in which the articles are 
washed if they are very dirty. Rinse them in 
bran water, squeeze them out, fold and mangle. 
Iron quickly on the wrong side whilst damp. 

Bleaching. Clothes which have become a 
bad colour may be bleached by being put 
out in the open air in powerful sunshine or frost. 
They must be kept damp, as the sun has more 
power over them in this condition. Bleaching 
agents are sometimes used, but great care is 
necessary to see that the material is not injured. 

To prepare chloride of lime for bleaching,' 
mix a quarter of a pound of chloride of lime 
w'ith one quart of cold water ; place it in a 
largo jar, and let it stand covered for a day or 
two, stirring it occasionally, and then straining 
it through a piece of fine muslin into a bottle. 
Use in the proportion of two tablespoonfuls to 
one pint of water. Pour out the mixture with-- 
out shaking any sediment at the bottom of the 
bottle. Dip in th(^ article to be bleached and 
hang out wet in the open air ; repeat the process 
if necessary, but do not let the article lie in 
the bleaching preparation, or the material will 
be destroyed. 

Curtains, flannelette, etc., are rendered less 
inflammable if alum is added to the rinsing 
water. 
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IJENRY II. was now a young man, but he was . 
^ well qualified in strength, in nerve, and in 
purpose to be a sovereign at sucli a time. He 
was capable of incessant work, had a passion for 
business, a resolute determination, and looked 
carefully into every question brought before 
him for settlement. He was the more popular 
among his people because he was a great 
hunter and lover of all manly sports. 

Ambitions of Henry II, He endeavoured 
to draw Englishmen and Normans togetluir into 
a single nation. Ho did his best towards the 
removal of those feudal divisions between ranks 
and classes which had so long been a heavy 
restriction on the growth of liberty and of 
agricultural and mercantile prosperity. He had 
strong convictions as to the power of the sove- 
reignty, and was as devoted in his maintenance 
of the throne as in contempt for feudal institu- 
tions. Ho was quite ready to make either the 
nobles or the (-hurch subservient to his own 
ideas of good government. He did his l)cst to 
establisli legal, judicial, and administrative 
systems which should carry out his own i)rojects ; 
but outside this purpose he was not a thinker, 
and he appears to have had no consciousness of 
the great changes which were going on in thought 
and feeling during his time. He had no religious 
devotion, and he regarded the (^Ihurch as an 
institution which ho might make useful in carry- 
ing out his plans of national cohesion and of 
strong and widespread empire. For a long time 
ho had the assistance of 'rheobald. Archbishop 
of Canterbury, and with his help ho did much 
to clear the land from the invasions of marauders, 
and to destroy their strongholds, in spite of the 
opposition of tne barons, many of wliom belonged, 
in fact, to such an order themselves. Ho restored 
some of the groat courts of law to something like 
a condition of judicial independence. 

Thomas a BecKet. Thomas a Beeket suc- 
ceeded to the Archbishopric of Canterbury, and 
became the personal friend and supporter of the 
sovereign. It does not appear that the Arch- 
bishop was able to win his sovereign from any of 
his designs for an extension of his monarchy in 
France, where he already owned vast dominions. 
But he did his best to prevent the King from 
carrying out such designs. Ho also strongly 
opposed the change which the King intended 
to introduce into the power of the Church, a 
change which was meant to put all legal juris- 
diction into the hands of the sovereign himself. 
A long and impaisioned struggle now set in 
between the King and the Archbishop of 
Canterbury. The object of the soverei^ was to 
reduce the whole ecclesiastical jurisdiction of 
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the country into subjection to the Royal will, 
and the object of Thomas a Beeket was to main- 
tain the Church as an independent and religious 
power. The King was as persevering in his 
movement of aggression as the prelate was in his 
resistance. The modern reader of history will 
probably think that the King and the iirolate 
alike pushed too far their opposing claims, and 
that the idea of an omnipotent monarch or an 
omnipotent Church in England was not to be 
reconciled even with the vague ideas of political 
and religious freedom which w'ere then beginning 
to be spread abroad. In the long disputes between 
Henry and the Archbishop the Pope was on 
many occasions disposed to accept Henry’s views, 
and did his best to bring the Archbishop into a 
reconciliation with the King. But the prelate 
remained indcrai table, and at last King Henry 
began to regard the presence of Thomas a Beeket 
as int-olerable. 

The end of the struggle was a ghastly tragedy. 
While the King was in Normandy he heard of 
fresh resistance to his will offered by Thomas h 
Beeket, and Henry is said to have lost all self- 
control, and demanded passionately how it hap- 
pened that among all the knights who surrounded 
him and ate his bread there was none who would 
rescue him from this turbulent priest. Four of 
his knights, all bearing Norman names, are 
supposed to have heard the words, and they at 
once quitted Normandy, and, journeying to 
England, entered Canterbury Cathedral on 
December 29th, 1170, in the dusk of the evening, 
and put the Archbishop to death before the altar 
of Saint Benedict. Thomas a Beokot was 
canonised by the Church authorities at Rome 
soon after his death. 

Henry’s Invasion of Ireland, The 

King carried on tjie struggle with t he Church and 
the barons throughout his reign. The for- 
tunes of war were varied, hut on the whole 
Henry’s policy was successful. One of the most 
momentous events of Henry’s reign was his in- 
vasion and conquest of Ireland. We have already 
seen in considering the history of Ireland how 
the idea of this invasion was suggested to Henry, 
and how he invaded Ireland and made it a part 
of the English dominions. Tlie King spent some 
time in Ireland organising the counti’y according 
to his own principles of constitution making. 
Ho divided the lancl into counties, laid the founda- 
tions of a reasonable system of law, and estab- 
lished courts of justice on foundations which have 
ever since maintained their hold. But ho also 
endeavoured to establish feudalism as it had 
existed in England, and to abolish the land 
tenure system between chieftains and people; 
and he put in force a plan to confiscate the 
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lands held on the old terms boWeen the Irish 
chiefs and people in order to effect a settlement 
of his Norman followers on Irish soil. 

Whatever may have been Henry’s mistakes 
and wrongdoings, he undoubtedly did much to 
found that system of constitutional rule which 
has, notwithstanding disastrous interruptions, 
been growing more and more with the centuries 
in England. Henry was not fortunate in his 
family affairs. His eldest son had died in child- 
hood, and his second son, Henry, born in 1155, 
was in 1170 designated his father’s successor. 
This son and his brother Richard n^belh^d against 
their father not long after, receiving the support 
of the King of Scotland and the King of France. 
The King of Scotland, called William the Lion, 
was defeated when he invaded the North of 
England, was taken prisoner, and to obtain his 
liberty made submission to Henry. During 
one of these rebellions Prince Henry died, and 
another son, (leoffrey, was killed in a Paris 
tournament. While Henry was engaged in 
another war with the King of France, his son 
Richard took sides with the French sovereign, 
and H(5niy’s favourite son, John, followed the 
example of his brother. These events are 
believed to have been too much for the ex- 
hausted King’s endurance, and he died in 
France in July, 1189, aged 56 years. 

Richard the Lion-Hearted. Tiie death 
of Henry II. left the throne open for one 
of tlm most famous English sovereigns known 
to history, around whom has grown up a very 
world of romance in poetry and prose such as 
oven King Arthur himself and his Knights of 
the Round Table have hardly been able to im- 
port into our literature. The new sovereign 
was Richard I., (’ociir dc Lion, the third son of 
Henry, born at Oxford on September 8th, 
1157. He was crowned King of England, 
Duke of Normandy, and Count of Anjou 
in 1189. Richard had spent most of his 
childhood and boyhood in France, and, indeed, 
during the whole of his life, which was but a 
short one, he was only to he found at rare inter- 
vals in the country over which he ruled. By 
the advice and urgency of his mother In? was 
j)revailcd upon, while only a boy in years, to 
join his brothers Heniy and Geoffrey in their 
revolt against their father. Sixteen years 
later he joined in a league with Philip Augustus, 
King of Franco, and again helped to make war 
on his fatlier. When Richard succeeded to the 
throne he had already taken the vows of a (’ni- 
sader, and ho decided that he must do his duty 
as Crusader first and leave his work as sovereign 
of England for a later period. Richard under- 
went many adventures on his voyage to the 
Holy Land and his march towards Jerusalem. 
Ho never was fortunate enough to enter tho 
Holy (Hty, but he won some splendid victories 
over Saladin, the sovereign of Egypt and Syria. 
He captured Acre and several fortresses on the 
south of Palestine, and at length concluded a 
three years’ peace with Saladin by a treaty which 
it w’as hoped would lead to some arrangement 
which the Christian sovereigns could accept with 
regard to Jerusalem and the Holy Land. 
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Richard and Normandy. Then 
Richard set out for England, and met with 
many adventures. Ho was i^ipwrecked ; he 
had to make his way in disguise through the 
dominions of his enemy Leopold, Duke of 
Austria ; he was recognised and captured, and 
had to obtain a heavy ransom from EMland to 
purchase his release. He then reached England, 
and was generous enough to forgive his brother 
John, who had done his best to injure him. 
The remainder of Richard’s life was spent in 
warring against the King of France, Richard 
striving to get possession of Normandy, and 
the French sovereign striving to put an 
end to foreign rule over that part of France. 
Richard was killed in April, 1199, by a shot 
from an arrow wliile laying siege to the castle 
of ChaJuz. 

The reign of King Richard made no great 
mark on the condition of the country over which 
he ruled. He was one of the most picturesque 
of sovereigns, his many generous and noble 
qualities contrasting strangely with his moods 
of savagery, coarseness, and cruelty. He was a 
gallant soldier, a daring, but not often a merely 
reckless military adventurer; and he might have 
proved himself a statesman and a benefactor 
to his country if he had not been occupied 
for the greater part of his reign in foreign war. 

The juajority of modern English readers 
probably know Richard Occur de Lion beat as they 
iind him in romance. Sir Walter Scott has made 
him one of tho leading figures in “ Ivanhoe,” 
and given us there a lifelike impersonation of 
Richard in his more chivalrous and generous 
moods. 

King John. Richard was succeeded by 
his brother John, a strange contrast in every 
sense, John, the youngest of the five sons of 
Henry II., was born at Oxford in December, 
1106. After the eomiuest of Ireland John was 
sent there by his father, and endowed with the 
title of King. Although still a youth he con- 
ducted himself so badly in Ireland that he 
had to be recalled, and he next signalised him- 
self by endeavouring to seize the crown while 
King Richard was in Austrian captivity. 
Richard, when dying, designated John as his 
suc(;essor. 

The accession of John greatly hastened the 
loss of Normandy to England, a loss which 
only brought about the end of a dominion 
impossible of endurance, which could have 
accomplished no rc^al benefit cither to the 
French province or its English masters. Owing 
in great measure to the manner in which John 
exercised his sway the Normans began to discover 
that they w^ero more of kin to the people of France 
than to the people of England. The French 
King invaded Normandy, and John found it 
impossible to hold out against the invaders 
and their gradual coalition with its native popu- 
lation. He came back to England, and opened 
there the most important chapter of his reign— 
one of the moat important chapters of any 
Englisli reign. John’s reign called into existence 
that first great charter of England’s liberty — 
Magna Charta. 
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. Much personal homage cannot be rendered to 
the memory of King John because of this work 
aocomplishod during his reign. John had little 
sympathy with the principle of national liberty. 
His whole nature was steeped in vices of the 
worst order — he was sensual, wantonly cruel, 
systematically deceitful ; in one mood a slave 
to mere superstition, in another an embodiment 
of sceptical cynicism. But he was undoubtedly 
a man of much ability, of remarkable reading 
for a sovereign of his time, with a keen capacity 
for getting safely through a perplexing crisis. 
He was still anxious to recover his Norman 
dominion, and was making extensive prepara- 
tions for an expedition with that object. But 
he met with a strong opposition on the part of 
many of his own barons and prelates, and on 
the part also of Pope Innocent III. At the 
same time John had to renew his war with 
Philip of France, and thus to prepare for a 
formidable struggle at homo and abroad. The 
opportunity was given to the barons, the 
clergy, and the people to demand that John 
should fulfil his early promises, and restore the 
constitution wluch had been framed by Henry 1. 

Signing of Magna Charta. The King 
displayed his usual skill in discovering the best 
way out of a difficulty, and though he at first 
refused, yet when preparations for war actually 
began, he saw that the time had come for him 
to give way and assume the part of a patriot 
King. He summoned the barons to a con- 
ference at Runnymedc, on the 'Khames between 
Staines and Windsor, and there the great charter 
was discussed and agreed to on the 15th of June, 
1215. 

The charter was a development of that 
introduced by Henry I., but it was developed 
into something like a complete constitution, 
and from it have grown all the political, legal, 
and civic systems which have since secured 
to the English people the development of their 
freedom. The courts of law, the rights and 
securities of municipal institutions, the arrange- 
ments of shires and counties, and theindepcndence, 
rights, and privileges of Pjirliament were set out 
in this great charter. There wore yet struggles 
to be gone through at home and abroad before 
the charter obtained its final eoitlement, for 
the Pope issued an interdict against it, and some 
of the English barons took his side and calkd 
in the aid of Franco. John fell ill of fever while 
the crisis was still on, and died at Newark on 
the 19th of October, 1216. The settlement 
of the charter was, however, soon to be accom- 
plished and seldom in history has so great and 
enduring a reform been effected by a sovereign 
who had so little natural inclination to promote 
the cause of constitutional liberty and order. 

Development of Europe. We have 
now to brinff up the development of European 
history to that period of time reached in our 
survey of England’s progress. We pass from 
England to the Continent, and naturally begin 
our study of Continental States with France. 
We have already said something of France as 
she appears through the dawn of history. She 
was occupied from that dim period by a number 


of tribes belonging to various races who had 
found a settlement on her attractive soil, and 
among whom the Celtic Gauls were the largest 
in numbers and held the grcat<^r part of the 
land. The Romans conquered a large part of 
the country some two centuries before Christ, 
and Julius Csesar came to hold an almost com- 
plete mastery over Gallia, or Gaul — tlie Franco 
of all modern history. 

Early History of France. The Gauls 
began rapidly to adopt Roman principles 
of government, Roman manners, and even 
the language of Romo, for the French tongue 
is obviously derived directly from Latin. For 
many centuries France continued to bo a pros- 
perous and progressive province of the Roman 
Empire ; but as the power of Romo declined; 
the Teutonic race began to pour in upon the 
soil of France. The Teutons were pressed by 
the invasions and occrupation of foreign tribes 
whom the fcrtili^ regions of the Rhine attracted, 
and consequently had to seek new realms to 
occupy. There were various settlements of the 
same character by ditt'en^nt ratios, and ea<*h 
invading j)eoplc came to found a kingdom of its 
own. The Burgundians took fwsscssion of the 
fruitful plains watered by the Rhone, and 
established the kingdom of Burgundy, while the 
Goths settled down on both sides of the Pyrenees. 
The Franks were now the most powerful and 
dominant people in France, and under their 
sovereign, Clovis (481-51 1 a.d.), made themselves 
masters of a large huritory, and after a while made 
as much of Paris as then oxiste*d their capital. 

Clovis became a Christian, and unquestionably 
prepared the way for the future kingdom of 
France. Owing to his zeal in the interests of 
Christianity, he obtained the title of “ Most 
(hristian King,” a title which passed along 
during many centuries to the sovereigns of 
France. It happened thus that a Germanic 
race gave to France not only its first dynasty of 
kings, but even the name by which the country 
has ever since been knowm. The invaders adopted 
the language of the invad<‘d, the semi-Latin 
tongue which was s])oken in Franco, and the 
other invading tribes jn those parts followed 
their load. 

Charlemagne. The first really power- 
ful French sovereign — a man famous in 
all history — was Charlemagne, son of Pepin, 
commonly called “ the short,” King of the 
Franks and founder of the ('arlovingian dynasty. 
Charlemagne was born in April, 742 a.d., and, 
with his brother, Caiiornan, succeeded to the 
joint occupation of the sovereignty on Pepin’s 
death in 768, and on the death of Carloman, in 
771, became sole King of the Franks, bearing 
also the title of Roman Emperor. Ho carried 
on many wars against the Saxons, and became 
a strong supporter of Pope Adrian I., on whose 
invitation he crossed the Alps and reduced 
some Italian regions to submission to the Papal 
authority. He went into Spain to contend against 
the Arabs and the Moors, but had to return to 
^ance to crush some new Saxon risings. Ho 
spread his dominions over much which since 
became the Austrian Empire, and went again 
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into Italy to support Pope JjCO III. against the 
Romans, who had risen in rebellion. It was for 
this service that he was orowmed by the Pope, 
and received the title of Emperor of the Romans 
in 799. 

Conqueror and Statesman. Charle- 
magne w^as a great statesman as well as a 
great military commander ; he was also a 
scholar, a i^romoter of education, and a patron 
of letters and arts. He did his best during his 
reign to make his great Empire a consolidated, 
peaceful, and progressive State. But there are 
many evidences that Charlemagne, during the 
later years of his life, was convinced that so vast 
and so incoherent an empire could hardly hold 
together under any one ruler. Before? his death 
ho divided his realms among his sons, in the hope 
that such an arrangement might give to etu-h 
ruler a fair chance of holding his own State in 
security. 

It is as an evidence of the manner in which the 
r(?nown of Charlemagne had spread over the 
world that Haroun al Haschid, the famous 
Eastern potentate whose name is familiar to all 
modern readers in the pages of the “ Arabian 
Nights,” sent ambassadors to the Court of the 
great Frankish sovereign with messages of respect 
and admiration. Charlemagne died on January 
28th, 814, and was buried at Aix-la-Chapelle. 
He is stated to have been the author of valuable 
collections of projecUd laws, and also of many 
Latin poems. His fame will always live, but the 
great empire ho founded did not long outlast 
his time. The sons of Charlemagne were utterly 
unequal to the task he had bequeathed to them, 
oven in the moderated and {|ualified form in 
which ho had left it. Charlemagne had endeav- 
oured to leave to the peoples whom he conquered 
their own laws and their national and local 
customs, hoping that by this means he might 
all the more thoroughly hold them together as 
tho component parts of one great empire. 

The Empire of Charlemagne, (harle- 
magne was in this much in advance? of his 
time. 'Fhe general idea of con(juerors, even 
in more modern days, has been that a great 
number of subjugated States can most securely 
bo kept together by compelling them to adopt 
the laws and usages of the conejuering power. 
Tho world is now' beginning to recognise that 
empires are best consolidated by the recognition 
of local usages and laws. But Charlemagne did 


not live long enough to give his own principles 
of government a fair chance, There was at that 
time strongly at work throughout Europe an im- 
pulse towards the splitting up of conquest-created 
States into their separate nationalities ; and it is 
doubtful whether tho empire of Charlemagne 
could, under any conditions, have remained for 
any length of time a living reality. Thus the 
whole country continued very much as in older 
days— divided among a number of chiefs or kings, 
all acknowledging the more or Ic^s imaginary 
leadership of some supreme ruler, each occasion- 
ally making war on the other, and endeavouring 
to become master of tis many others as his 
strength and opportunity would allow. 

Hugh Capet. The? real founder of French « 
Royalty through a long continuous history was 
Hugh Capet, Count of Paris and Orleans. Hugh 
Capet had risen to great intiiienco in the State, 
and when the monarchy founded by Charle- 
magne waa falling to pieces in tho hands of his 
Kiicecssors, the feudal (•hi(‘fs of the country elected 
Hugh (^a}3et king in 987. The? new sovereign 
was to be the one and only sovereign of the whole 
country, and with his ('lection ended the Frankish 
nilcrship, Avhich had ])ractically died with 
( harlemagnc. Hugh ( 'apet and his successors had 
their residence in Paris, and were crowned at 
Rh(?ims, thus illustrating the principle that the 
Rhino divided the monarchy of Fran(?o from the 
Germanic r>mes. Paris was then declared to be 
the capital of all France, whereas in former days 
the locality of the capital depended very much 
on the inclinations or the nationality of the 
sovereign. From this time downward we can 
follow the progress of the French monarchy as tho 
one ruling institution of the country, until wo 
(‘omo to the days when the monarchical system 
in France recc'ived its sudden interruption by 
th(? outbreak of the French Revolution. 

Now, for tho first time, Franco settled down 
into the form of one? cohesive Sl.at(\ owning and 
maintaining on<? distinct nationality, and regard- 
ing any foreign intrusion across her boundary 
lines, when it came under the sanction of a 
foreign ruler, as an invasion which the united 
power of all the French provinces was alike bound 
to resist. Many foreign invasions and systems 
of sovereignty, and of other nile, will yet have to 
be described ; but from this epoch France is 
ever the one France, the one nationality, the one 
great State. 


Coni in nad 


.2916 








LANQUAQBS— SPANISH 


this makes no difference to the wording in 
translation. Example ; 

Me ixtrece. It seems to me 
M e 'pnrece d mi ) Xi ^ 

A mi me J ““ 

2. Pronouns generally precede the verb, but 
with the infinitive, present participle, and impeni- 
tive without negation, they are affixed to the verb, 
forming one word. Examples : ilf e vc, he sees 
me ; vrnne, to see me ; viendome^ seeing me ; 
Ic digo, I tell him ; dime, tell m<\ 

3. When two pronouns occur, one in the dative 
and tin? other in the? accusative, the dative is 
placed first. In the above cases, both are 
affixed to the verb. Examples: Dnselo, give 
him it. In the imperative with negation, the 
pronoun is not affixed to the verb. Example: 
No ererd lo, do not believe it. 

4. The pronoun may also be affixed to other 
tenses when the verb begins the sentence. 
Examples : Gd'itanm.e mucho los ingleses, I like 
the English very much ; encont roles tn casa, 
I found them at home. 


Vocabulary 


Vocabulario 


T.<ove 

Friendship 

Indiffcrenco 

Hate 

Repulsion 
Jn Jove 
A friend 

A person who hates 

Repulsive 

Ire 

Anger 

Impatience 

Patience 

Vengeance 

liad feelings 

Kindness 

Amiability 

To pardon 

The navy 

The Royal Navy 

The meichant scvvic^e 

A steamer 

A frigate 

A merchant vessel 
The compass 
The capstan 
The rigging, cordage 
The hatchway 
A hammock 
Ballast 
The flag 
A paddle wheel 
An oar 
A port-hole 
A sounding lead 
The powder magazine 
The helm 
A sail 
An admiral 
A vice-admiral . 

A rear-admiral 
A captain 
A lieutenant 
2918 


Amor 

Ainistad 

Indiforoncia 

Odio 

Repulsion 
Enamorado 
Un amigo 

Ena pcMsona que odia 

Repulsivo 

Ira 

( 'olera 

Jmpaciencia 

J^aeiencia 

Venganza 

Malos sentiinientos 

Bondad 

Amabilidad 

Perdonar 

La marina 

La marina real 

J.ra marina mercante 

Vn vapor 

l^na fragata 

Tn buque mercante 

La brujula 

El cabi estante 

Las jarcias 

Las escotillas 

Ihia hamaca 

El lastre 

El pabellon 

ITna rueda de paieta 

l^n remo 

Una porta 

Una sonda 

El panol do la polvora 
El timon 
Una vela 
l<n almirante 
Un vicealmirante 
Un contraalmirante 
Un capitan do navio 
Un teniente. 


A midshipman 
A pilot 
A lighthouse 
Literature 
A writer 
A historian 
A novelist 
A poet 
A journalist 
A newspaper 
A daily paper 
A pamphlet 
A bachelor of arts 
A master of arts 
A translator 
Medicine 
A doctor 
A surgeon 
A specialist 
An oculist 
An operation 
Surgical instruments 

A dentist 
A toothache 
To draw a tooth 
An abscess 
False teeth 


Un guardiamarina 
Un piloto 
Un faro 
(La) literatura 
Un escritor 
Un historiador 
Un novelista 
Un pocta 
Un periodista 
Un periodico 
Un diario 
Un folleto 
Un bachiller 
Un maestro de artes 
ITn traductor 
La mcdicina 
Un doctor 
Un medico 
Un especialista 
Un oculista 
Una operacion 
Los instrumentos do 
cirujia 
ITn dentist a 
Un dolor de muelas 
Sacar una muela 
Un absceso 
Dientes postizos 

VII. (1) 


Exercise 

Translate the following into Spanish : 

1. Love docs not hide itself. 2. You are in 

no oculta 

love with the daughter of your neighbour^ 

vecinc ) .... 

3. Yes, sir, and I told her so yesterday. 4. She is 

dij(5 . . . .ayer 

indifferent to you. I do not believe it. 5, Do 

indiferente No 

not be impatient ; pat icnce is a virtue, fi. A 

tonga virtud 

person who liates seeks vengeance. 7. Those 

busca 

arc bad feelings, have kindness, and pardon. 
tenga perdone. 

8. The captain, besides being a sailor, is a writ(‘r. 

ademas 

9. The doctor of whom I spoke to you is a 

quien . . liable 

specialist but is not an oculist. 10. They have 

han 

stolen his surgical instruments. II. He has not 

robado No tiene 

got toothache, because his teeth are false. 12. 


The journalist is a poet ; his new'spaper is a very 


well written daily. 

.... escrito 

Exekcise VII. (2) 

Translate the following into English ; 

1. Le habl6, y <!*1 no escucho. 2. Dale el pan. 
Ya 8© lo ho dado. 3. i Conoco Vd d esta mujer ? 
La oonozco. 4. No es verdad, no lo creo. 5. 
Se ha lastimado, llama al medico. 6. Se han 
marchados, llamenlos. 7. Me paroce que odia d 
esc hombre. 8. Encontrolos en su casa de 
Vd y pelearon. 



PBOSE EXTRACT VI — concluded 
From “ El Diablo Cojuelo ” (“ The Lame Devil ”), 
by Luis Velez de Guevara. 

Don Clbofas and Don Cleofas y El 
THE Lamb Devil Visit Diablo Cojuelo Visi- 
THB Madhouse. tan la Casa db Locos. 

“ There is a gentle- “ Alii esta iin criado 
man's servant who de un sehor que teni- 
took up service though endo quo comer se puso 
ho had enough to eat. a servir. AlU esta 
There is a dancer, left un bailarin que se ha 
dancing aimlessly to qucdado sin son Inii- 
no music. Further on lando en seco. Mas 
is a historian who adelante esta un his- 
went mad with grief toriador que se volvio 
for the loss of three loco de sentimiento de 
decades of Livy. Be- liaW perdido tres 
yond is a canon, sur- decadas do Tito Livio. 
rounded by mitres. Mas adelante estd un 
trying which suits him colegial cercado do 
best, for he took to mitras, probandose la 
saying that he was que le vicno mejor, 
bound to be a bishop. ])orque dio en decir que 
In that other cell, habia de ser obispo. 
seated on a coffer full En csaotracclda, sobre 
of doubloons, secured un cofre lleno de dob- 
with three looks, is a lonos cerrado con tre.s 
rich miser, who, having Haves esta sentado un 
no child nor relation rico avariento que sin 
to inherit from him, toner hiio ni pariente 
leads (himself) a que le hcrede se da 
wretched life, by being muy mala vida, siendo 
a slave to his money, csclavo de su dinero. 
The man singing in that Aquel que canta en 
other cage is a musi- esa otra jaula es un 
cian ; he is confined musico ; esta preso en 
in this prison for crimes esta carcel de los delitos 
against good sense, be- del juicio porque siera- 
(lause he was always pre cantaba, y cuando 
singing, but stopped le rogaban que cantast^ 
whenever he was pres- d(ijaba do cantar. Im- 
sod to s'ng. This is a portimmeia es esa casi 
piece of impertinence de todos los de esta 
common to neaily all profession. En aquel 
members of that pro- pobre aposentillo en 
fession. In that poor frente esta un demonio 
little lodging in front casado, quo so volvio 
is a married demon loco con la condicion 
who was driven mad de su mujer.” En- 
by his wife’s temper.” tpnees don Cleofas le 
Then Don Cleofas said dijo al coinpanero que 
to the companion who le ensenaba todo este 
was showing him all retablo de duelo.s ; 
those miserable objects: “Vamonos de aqui no 
“ Let us get out of this nos c*mbarguen por 
before they arrest us alguna lociira que 
for some form of mad- nosotros ignoraraos. 


kANQUAQES^ITALIAil 

ness unknown to us, porque en cl mundo 
for in this world we are todos somos locos, los 
all mad, one against unos de los otros.” 
the other.” 

Luis Velez de Luis Velez do Gue- 
Guevara (1579-1644), vara (1579-1644) dra- 
dramatist and prose malista y cscritor. “ El 
writer. “ The Lame Diablo (’ojuclo,” pub- 
Devil,” first published licado por vez primera 
in 1641, is a short, en 1641, es una historia 
satirical story, in which corta y satiriea, en la 
a student escaping over cual un estudianto* 
the roofs of some eacapandose por en- 
houses, enters the attic eima do algunos techos 
of a magician, where he dc casas entra la guar- 
finds the Lame Devil dilla de un magico 
imprisoned in a bottle, endonde encuentra al 
and sets him free. In diablo cojuelo prisio- 
rcturn the Devil carries nero en una botella, y lo 
him through the air to liberta. En cam bio el 
different parts of Spain, diablo lo llcva por el 
unroofing the houses airc a diferentes partes 
for his amusement. do Espana, destech- 
Sago re-wrote the ando las casas para 
story in French in ‘ divcrtirle. 

1707, acknowledging Le Sage volvio a 
its Spanish origin, escribir la historia en 
and made it world- Frances en 1707, ns 
renowned under the conociendo su origen 
title of “ Le, Diahle espailol y la hizo celebre 
Boiteux^** en el mundo entero 

bajo el titulo de “ Le 
Diahle Boiteux,'* 

Key to Exercise VI. (1). 

1. El b inqucro y su socio estan hablando eon 
el corredor acerca del contrato. 2. El tenedor do 
libros esta haciendo las cuentas parael fin de ano. 
3. Este Caballero ticne una carta de credito 
sobre nucstra casa. 4. Tengo un pagare a la 
ordeu de £10,000 esterlinas. 5. Para ser un 
buen pintor, grabador, 6 escultor es preciso ser 
un buen dibujante. 6. Puedo uno ser un buen 
musico y no saber cantar, y cantar bien sin ser 
musico. 7. Las zarzuelas cspanolas son mas 
bonitas que las inglesas. 8. Las operas italianas 
son mas amenas que las alemanas, y las france8.as 
las mas alegres. 

. Key to Exercise VI. (2). 

1. Five hundred young men, and four hundred 
women left their native land. 2. A couple of 
friends quarrelled. 3. The company lost a 
million dollars. 4. The bank will open on the 
first day of the year. 5. The loan will be paid 
on the 8th day of the month. 6. The cl(‘rk has 
written a hundred times. 7. Give me the half 
of a loaf. 8. 1 will give six loaves and a half. 


ITALIAN 

NUMERICAL ADJECTIVES 

A. Cardinal Numbers 

0 zero ( dzkhro ) 

1 uno (odno) 

2 due (dodeh) 

3 % ve ( trek ) 


By Francesco de Feo 

4 qualtro (koodhUro) 

5 cinque (che^M-kooeh) 

6 sei {sehee) 

7 sette (aehtteh) 

8 otto {otto) 

9 nove (ndveh) 
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10 dieci (dee-ehchee) 

1 1 undid {odndee-chee) 

12 dodici (dodee-chee) 

13 trcdid (tr^hdee-chee) 

14 quattordioi {kooafUtordee-rhee) 

15 qiiindici {kon-eendee‘Chee) 

16 sedici {sthdee-chee) 

17 diciass^tto (dee’chee-ahsscdUteh) 

18 didotto {dee-rhee-otln) 

19 diciannove {dee-chee-ahnnoveh) 

20 vonti {velintee) 

21 vcntuno {vehvtodno) 

22 ventiduc (vehntee-dodeh) 

23 vontitre {vehnleedreh) 

24 v(‘ntiquattro, oUj. 

30 trcMita {trehntah) 

40 quaranta {koo-ahmlmtah) 

50 ci iiqu anta (ch ttn- koo-dhntah ) 

(>0 Hfrtsanta (aehssdhntah) 

70 s(‘ttanta {sehltdhntah) 

80 ottanta {otfnhntah) 

90 novanta {ruimhntah) 

100 oonto {rhehntn) 

200 dugcnto (d^m-d^ehn-to) 

3(K) trecento {trehchehnto) 

4(M) (|uattrocento {hat-ahttmchdo) 

5(K) d!ique(!ento {ehoen-lcoti-ehchHinln) 
6<M) aeicdito {fteh-ee-chelinto) 

700 aeltecento (sehtteh-chehnto) 

800 ottoci'nto {oUo-rhelinto) 

900 novecento. {n^oveh^rJiehnto) 

1,(-K)0 mille. {meHleh) 

2.000 (hiemiia {dooeh-meelah) 

3.000 treinila {treh-7iu‘Hah) 

4.000 (juatlroinila, etc. 

10.000 diiVimila 

50.000 oinqitanlamila 

100,000 eentomila 

1,000,000 milionc, etc. 

1. 'Pile cardinal nuinbera are iiidedinable, 
except : uno (one), wliieh cbang(‘s into an, 

nn' (nee the indetinito articl(‘). and mille, which 
i hangew into mila when pna*eded by any other 
number. (See the irregularities in the plural of 
nouns.) Ex<inq)le; a halfpenny ; nna 

lira, a franc ; due mila adtnini, two thousand men. 

2. 77ie eompound numbers venlmio, Ireniuyw, 
(fuatmituno, etc., require the following noun to 
be in the singular. lint if a noun precede these 
numbers, the noun is made plural. Example: 
Qaaranimw cavaUn (41 liorsos), but cavalli 
(luarantuno ; ventuna lira (21 francs), but lire 
ventumi. (/onqxnind numben’s after 21 may he 
written in two separate words : uenii due, renti 
Ire, IreM' otto. 

('ento may be shortened into cen in compound 
numbers, when it is not before an accented 
syllable. Example ; CencinquAnta or cetito- 
rltK/udnla, trecendiciotto or treceiUodiciotto, cen- 
quaranta or centoquardnta, et-c. ; but centoventi, 
centoskte, centmHeei, etc., and not cenvhUi, 
censette, cendilci, etc. 

Cento and mille are not preceded by the 
indefinite article, as in English : lo ho cento 
(jtutrantadne libri, I have onc^ hundred and forty- 
two books. 

Note, lo ho un centoquaranta lihri means : 
I have about one hundred and forty books. In 
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expressions like : From four hundred to five hun- 
dred, it is not necessary in Italian to repeat the 
word cenlo. Example: Da quattroa cinquecentc 
lihri ; da sette a oUocento lire. Twenty -five, 
twenty-six, etc., are always rendered in Italian 
by venticinqiie, ventisei, etc., and never cinque e 
venti (five-and-twenty) ; sei e venti (six-and- 
twenty). 

3. To indicate the hours of the day, cardinal- 
numbers are preceded by the article le, except 
Vuna, one o’clock. 

Note. The article le is referred to the feminine 
plural ore, which is always understood : sono le 
sei — mno le ore sei. It is f-ix o’clock. 

The hours of the day are now counted from 
1 to 24 ; but they may be also counted as in 
Phiglish. 

un ora (oondrah), an hour 
mezzo, un mezzo {mehdzo), half, a half 
tuezz^ ora {m>ehdzdrah), half an hour. 
m.ezzf)qiorno {mehdzo-dgee-drno), mezzodl {mehdzo- 
dee), noon, midday. 
mezzanotte (mehdzah-ndtte.h), midnight 
u :■ quarto (oon koo-dhrto), a quarter 
un quarto d' ora, a quarter of an hour 
tninuti {meemndee), minutes 
.secondi {sebnm-dee), seconds 

The hour.} of the day are indicated as follow.^ : 
( 'he ora e 'i Che ore .sono ? What time is it ? 

A rhe ora ? At what time ? 
k V una, e il tocco, it is one o’clock. 

AIV una, al tocco, at one o’clock. 

Sono le due, le tre, le quattro, etc., it is two, three, 
four, etc., o’clock. 

Alle due, alle tre, allc quattro, etc., at two, three, 
four o’clock. 

Sotu) le due, le tre, le quattro, etc., e mezzo, it is 
half-past two, three, etc. (Lit., (they) are 
the two and a half.) 

Alle due, alle tre e mezzo, at half -past two, etc. 
le due, le tre e un quarto, it is a quarter past 
two, past three, etc. (Lit., and a quarter.) 
Alle due, alle tre, etc., c un quarto, at a quarter 
past two. 

Som) le due, le tre menu un quarto, it is a quarter 
to two, t/O three, etc. (Lit., less a quarter.) 
Alle due, le tre menxt un quarto, at a quarter lo 
two, etc. 

Le ot*A), le quattro, le sette, etc., meno cinque, ineno 
died {minuti), live, ten (minutes) to eight, 
lo four, etc. 

Le undid, le otto, etc., e. dmfue [minuti), e died 
(mmuti), etc., five (minutes) past, etc. 

B. Ordinal Numbers 

1st primo [prehno) 

2nd vsecondo [sehcondo) 

.3rd terzo [tehrtso) 

4th quarto [koo-ahrto) 

5th quinto ikoo cento) 

6th sesto (s^hs-to) 

7th sMtimo [s^hUeetno) 

8th ottavo [ottahvo) 

9fh nono [ndno) 
lOth ddcimo [deh’Cheemo) 

11th imd^imo, or decimoprimo 
12th dodiedsimo, or decimosecondo 
13th tredic^simo or decimoterzo 
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14th quattordic^simo, or deoimoquarto 
15th quindic^imo, or decimoquinto 
J6th sediceaimo, or decimosesto 
17th diciasBett6simo, or decimos6ttimo 
18th diciott^flmo, or dccimottavo 
19th diciannove-^imo, or dccimonono 
20th y Gtiih Amo (ventehseerno) 

21st vent 1111 ^ simo, or vento ^imoprimo 
22nd ventiduesimo, or ventesimoHcondo 
30th trentddmo (trehntehseemo) 

40th quarant^simo, etc. 

100th cont68irao (chenhUhseemo) 
lOlst centuncsinio, or ccntcsimoprimo 
102nd centodu^siino, or centosimosecondo 
1,000th millesimo (ineelUhseemo) 
l,00l8t mill^B inoprimo, etc. 

1,002nd mill^siniOHecondo 
1,003rd millosimotorzo, etc. 

1,000,000th inilioncsimo, etc., etc. 

1. The forms deciTnoprimo^ decirnosecondo, ete., 
are used to indicate succession of monarchs, 
j)OjK"s, centuries, as : Luigi DecimosaMo ; Lmne 
fh'cimoterzo ; ventesirnxj secolo, etc. Roman 
figures arc used as in English : Luigi XVI, 
Leone XT IT, secolo XX. 

2. Tlic days of the month, il prinio excepted, 
are expressed by cardinal numbers, as : Rmna^ 
24 nmrzo (Rome, March 24th) ; Londra^ 2T 
aprile, 1900 (Ixmdon, April 21st, 1900). In 
phrases like : On the 8th of April last, on 
.VIonday next, on Tuesday, etc., on is not trans- 
lat'd in Italian. 

Note that the names of tlic months and of 
(he days of the wc(‘k are not wrilt<‘n with 
capital letters. 

3. Ordinal numbers form their feminine and 
plural like other adjectives, as : la prima casa, 
la dhiivia cam, i primi tsiudi, etc. 

Thk Days of the Wekk. 
domhiica, fi m. (domehneeca), Sunday 
liinedi {looneh-dee), Monday 
martedl {nuihrteh-dee), Tuesday 
mercordi {mehreor-dee), Wednesday 
giovedi {dgee-oveh-dee), Thursday 
venerdi {vehnehr-dee), Friday 
mbato {mhbahlo), Saturday 

'riiE Months. 


luglio, July 
agosto, August 
rsettem hre. Sept cm ber 
ottohre, Octobc; 
novembre, November 
dicembre, T)ecemlx*r 
Pronounced : dgehmdh-eeo^ fehbbrah-eeo^ mdhr- 
tso, ahpreeleh, nidh-dgeeaK dgee’od-neeo, loo-leeo, 
ahgosto, sehttehnd>reh, ottobreh, nov^hnibreh, dee- 
(hehnihreh. 


gemviio, January 
jebbraio, February 
marzo, March 
aprile, Ai>ril 
m/iggio. May 
giiufno, June 


C. Collective Numbers 

pdio ipdh-eeo), a pair ; (plural, paia, fcm.) 
cdp'pia {cd'ppee-ah), a couple. 
una decina (dehchee-nah), about ten, half a 
Si'ore. 

una dozzina (dodzee-nah), a dozen. 
una quindicina (koo-eindee~cheenah), about 
fifteen. 

una ventina (vehrUe^-nah), a score. 
umi trentina (trehnde^-nah), about thirty. 


umi cinquanlina, etc. {cheen-koo-dhnteenah), 
about fifty. 

un cerUinaio (chehfiteendh-eeo), a hundred ; 
(plural, cenlindia, fern.). 

un migliaio {mee-leeatheeo), a thousand ; 
(plural, miglidia). 

tuW e due {tootteh-dodeh), both. 
tuU' e Ire {toottehdreh), all throe. 
tuU' e quaUro {toottek-koo-dlUtro), all four. 
tfUt' e cinque (tootteh-cheen-kooeh), all five, etc. 
Note. Tutt' e due, tuU" e tre, iuW e qualtro. 
etc., must be followed by the article, as : tutC e 
due i fratelli, both brothers, etc. 

The forms ambo^ ambedue, entramhi, amendue, 
atnbidue, and similar termsfor 6t4//, arc no longer 
used. 

D. Multiplicative Numbers 

shnplice. {sehmpleeche.h), simple. 
ddppio (ddppeeo)^ double. 
tripb) {treeph), throe-fold, triple. 
qiiddruplo (koo-dhdmoplo), four-fold. 
quintuplo {kdo-e^ntooplo), five-fold. 
shtnplo (sehstooplo), six-fold. 
dh'uplu {dehkfM»plo), ten-fold. 
ehUuplo {cheM(utplo), a hundred -fold. 

Note also the forms triplicaio, quadruplicaio, 
cenliiplicato ; and the forms duplice, trlplice, 
quadniptire, settemplice, centuplice. 

£. Distributives 

a uno a uno, one by one. 
a due a due, tw o by two. 
a tre a. ire, etc., three by thiH'e. 
a died a died, ten by ten. 
a venti a venli, twenty at a time. 
a cento a cento, etc., one hundred at a time, etc. 
Note also the forms : a urw, a due, a tre, etc., 
and a uno per volta, a due per voUa, a tre per 
volta, etc., one at a time, two at a time, idc. 

Exercise XVl. 

1. ( 'inquanta lire. 2. Cinquantuno eavallo. 

3. Ecco la not a della lavandaia : camicuc 
ventuna, colU'tti quarantuno, fazzoletti undi<*i. 

4. ITna lira sterlina e veiiticinque franchi. 5. 

A Maratona dieci mila (ircci sotto il cotnando 
di Milziade sconfissero cento mila Persiani. fi. 
Neir filtima battaglia i nostri ncmici yx'rdettcro 
tiH'inila udinini. 7. Siamo in casa il m(‘i*cordi 
e il vt*ncrdi. 8. 1 mesi di gennaio, marzo, 
rnaggio, luglio, agosto, ottobre, dieembre hanno 
tnmtun giorno, febbraio ha ventotto giorni, 
gli altri trenta. 9. L’ anno ha qiiattro stagioni : 
primavera, estate, autunno, inverno. 10. Tar- 
tpiinio il Superbo fu il sedtimo e idtiniq ro 
di Roma. 1 1 . Pit* adesso mio figlio ha solamcnte 
duemihi lire 1’ anno, ma frji due o tre anni avra 
quasi il ddp])io. 12. J^uigi XVi. fu decaj>itato 
nel gennaio 1793. 13. Sono U; otto mezzo 

e il treno parte alle nove c cinque. 

Conversazione. 

Siete mai stati in Italia ? 

Parcechie volte, ma non siamo mai stati a 
NaiJoli (mm . . nmi -- never). 

Noi partiremo pt'r la Friincia il wtte aprile 
e ritorneremo il quindici o il venti rnaggio. 

(3ie ora 6 ? Ho un appuntamento con un 
amieo al Caffe Colonna alle dieci precise (ex- 
actly). 
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Oh, allora avete ancora molto tempo, sono 
appena le otto e iin quarto. 

ha avuto il primo pr^mio ? 

Non so (I do not know) ; mio fratello ha 
avuto il secondo premio e mio cugino il tcrzo. 

Possiamo entrare ? (May we go in ?) 

Si, ma cntrato a uno per volta, senza far 
rumore, perche il nonno d. malato. 

Venite con noi al Costanzi stasera ? Abbiamo 
un palco di prima fila (a box in the first circle). 

Se avro tempo, verro alia fine del secondo 
atto. 

Key to Kxeroise XIV. 

1. My father and my mother. 2. His Majesty 
the King. 3. His Royal Highness. 4. Their 
Majesties. ,5. Their uncle is the first gentleman- 
in- waiting (literally : first waiter-of -honour) of 
his Holiness Pio X. f5. I have bought a nice 
present for the birthday of my sister. 7. My 
grandfather is eighty years old. 8. This hat is 
not mine ; you have taken mine, and I have 
taken yours. 9. Books are our best friends. 10. 
That friend of yours is very kind. 11. My money 
is as good as yours. 12. They are right ; but 1 
am not wong. 13. His (or /ter) mother hopes to 
bo in Pi\ris to-night. 14. Do not be envious of 
otlicr people’s good fortune. . 15. Let only the 


enemies of thy country be thy enemies. 16. If 
we had had time we would have gone to the 
theatre with your aunt. 17. With your help, 
M'e hope to have our money back. 

Key lo Exercise XV. 

1. A few chapters. 2. Some novels. 3. Too 
many mistakes. 4. How many people! 6. 
Every evening. 6. Every man has his faults. 
7. A gentleman has sent several presents for 
Mi.ss Maria. 8. With little money certain 
persons succeed in living well (lit., to live well). 
9. Ev'ery man has his own tastes. 10. All men 
are brothers, and therefore they must love one 
another. 11. Some say that w’e are right, and 
others that we are wrong. 12. Every effect has 
its causes, and no cause is without an effect. 

13. ]My brother and sister have gone into the 
country ; our old father is alw'ays at home ; 
some friends remain with him all the evenings. 

14. Where are your friends ? 15. Some in 

France, others in Italy. 16. Every boy shall 
have a present. 17. If the lawyer does not 
have his money within a certain time, the con- 
tract will be void. 1L‘ Some men think they 
deserve all our respect, only because they have 
a great deal of money. 


Continuid 


FRENCH 


je s^tis 

ttre. To Bk. 

Indicative. 

Simple Tenses. 

PreseM. 

I am, etc. 

nous sommes 

tu es 

vous etes 

il, elle est 

Us., elles sont 

fHais 

Imperjcct. 

I w’as, etc. 

nous Hiotis 

tu Hais 

vous Hiez 

il, elle Hait 

ils, elles Haient 

je jus 

Past Definite. 

I was, etc. 

nous jumes 

tu jus 

vous jutes 

il, die jut 

ils, elles jurent 

je serai 

Future. 

I shall be, etc. 

nous serons 

tu seras 

vous serez 

il, die sera 

ils. files seront 

fat He 

C nnpound Tenses. 

Past Indefinite. 

I have been, etc. 

nous avons Hi 

tu as He 

t)ous avez Hi 

il, elk a Hi 

* ils, elles out Hi 

favais He 

Pluperfect. 

I leen, etc. 

Hous avions Hi 

tu avais He 

vous aviez iti 

il, elle avait Hi Us, elles cmL%tr\t 
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Past Anterior. 

I had been, etc. 

fens Hr- noii^ p.ilnie.s Hi 

tu ens He vons eiUes He 

ilf elle ent He its, elle.s enrent iti 

Future Anterior. 

I shall have been, (*te. 
faurai He nous aurons He 

tu auras He vous aurez He 

il, elle aura He ils„ elles auront Hi 

Conditional. 

Present. 

I should be, etc. 

je .serais nous serious 

tu semis vons serie.z 

il, elle. serait ils, elles seraient 

Past. 

I should have been, etc. 
faurais He nous aurions He 

tu aurais He vous auriez He 

il, elle aura it He ils, elles aura ienl He 

Imperative. 

Present. 

8ois. bo (thou) 

q^iHl soit, qu'elle soil, let him be, let her bo 
soyons, let us bo 
soyez, be (ye) 

qiCils soierU, qu^elles soienl, let them bo 
SUB.TirNCTIVB. 

Present. 

That I may be, etc. 

que je sois que nou8 soyona 

que tu aois que vous aoyez 

qu'il, qu^elle soit quHla, qn' elles soient 
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Imperfejct. 

That I might be, etc. 
qae je fusse que nous fussiotis 

que tu fusses que vous fussiez 

qa'ilf qu'elle fut qu'ils, qiCelles fussenl 

Past. 

That I may have been, etc. 
que faie He que nous aijons He 

que tu aies Hr que vous ayez He 

quHU quclL ait He quHls, qii files aient He 
Pluperfect. 

That 1 might have been, etc. 
que feusse He que nous eussions He 

que tu eusses He que vous eussiez He 

qvHl^ qv'elle eat He qii'ils^ qu'elleji eussent He 

Infinitive. 

Present. Past, 

etre, to bo avoir He, to have been 

Participle. 

Present: 
ctant^ being. 

Past. 

HH been ; ayant He, tiaving been. 

Remarks. 1 . The past participle He is always 
invariable, f^tre is sometimes used impersonally 
instead of y avoir : 

II Hail un roi d' Yvetoi, pen connu dans 
Vhistoire, There was a king of Yvetot, little 
known in story. 

Jl etait une fois un roi H vne reine qui araknt 
un fils beau comme. le jour, 'rhoro were once a 
king and queen who had a son beautiful as 
the day. 

2. Pjlre d. followed by a noun or i)ersonal 
pronoun, means “ to belong to.” 

Ce. livre-ci est d mm, celui-ld est d nwn ami. 
This book belongs to me, that one belongs to 
my friend. 

3. fjtre d meme de, followed by an infinitive, 
means “to be able to,” “ to be in a position tf) ” : 
11 est d meme de nous aider, Ife is in a position 
to help us. 

4. Ptre d, followed by the active voice, is 
equivalent to the English construction in which 
“to bo” is followed by a passive infinitive: 
11 est d craindre. Tie is to be feared ; vous etes d 
plaindre. You are to be pitied. 

5. Y lire is used idiomatically, sometimes with 
the meaning of “ to be at home,” sometimes 
wdth that of “ to be ready,” “to understand”: 
J'ai hesoin de jHirler d votre frere ; y est-il f 
Non, il rCy est j)os, I want to speak to your 
brother ; is he at home ? No, ho is not at 
home. 

Y etes-x'ous ? Out, j'y sui'<. Are you ready? 
Yes, f am ready. 

0. The expressions etre hien avec and etre tnal 
avec mean “ to be on good terms with,” “ to 
be on bad terms with”: II est hien avec tout 
le monde. He is on good terms with everybodv. 

7. “To be,” referring to the state of nealth, 
is not rendered literally by Ure, but either by 
the reflexive verb se porter, to carry oneself, or 
by alter, to go : How are you ? Comment vom 
portez-vousf or more usually Comment allez^vous? 

8. “ To be,” is rendered by valoir in the 
expression “ to be better (preferable) ” : It is 


better late than never, II vaut mieux tard que 
januiis. 


Ne pas ittre, not to be. 

Indicative. 


Present. 

jc ne suis pas, etc. 

Imperfect, 
je n'Hais pas, etc. 
Past Definite, 
je ne fus pas, etc. 
Future. 

je ne serai pas, etc. 


Past Indefinite, 
je nai pas He 

Pluperfect, 
je navais pas He 
Past Anterior, 
je neus jms He, etc. 

Future Anterior, 
je n'aiirai pas HH etc. 


(■ONDITIONAL. 

Present. Past, 

je ne serais pas, etc. je naurais pas He 


Imperative. 

Present,. 

Ne sois 'f)as 

quit ne so it fxis, qtCelle ne soil peus 
Ne soyons pas 
Ne soyez pas 

qu'ils ne soient pis, quelles ne soient pas 


SUBJUN('TIVE. 

Present. Past, 

que je ne sois pas, etc. que je n'aie pis He, etc. 

Imperfect. Pluperfect, 

que je ne fusse pas, etc. que je n'eusse pis ete, etc. 


rNFINlTIVE. 

Present. Past, 

ne pas etre ne jms avoir ete 

Participle. 

Present. Past. 

n'Hani pas n'' ayant pis He 

Etre, (ionj ligated interrogatively. 


Indicative. 


Present. 

suis- je ? 
est-il, est-elle ? 

Im perfect. 
Hnis’ je ? 

Past Definite, 
fus-je ? 

Future, 
serai- je ? 


Past Indefinite, 
ai-je He ? 

a-t il He, a-t-elle He '/ 
Pin perfect: 
avais-je Hi ? 

Past Anterior, 
cus-jc He ? 

Future Anterior, 
aural- je He ? 


Conditional. 


Present. Past, 

sera is- je '/ n u ra is- je He ? 

conjugated interrogatively and negatively. 
Indicative. 


Present, 
ne suis- je pas ? 
ni est-il pas ? 
n'est-elle pas ? 

Imperfect. 
n'Hais- je paxi ? 

Past Definite, 
ne fus-je pas ? 

Future, 
ne serai- je pas ? 
ne sera-t-il pas I 
ne sera-t-eUe pas ? 


Past Indefinite, 
n" ai-je pas He ? 
n'a-t-il pas He ? 
n'a-t-elle pas He ? 

Plur”Hect. 
n antis- je / i He ^ 
Past I Uerior. 
neas-jeJ 3 He? 

Futtf i Anterior. 
n'aurai-\e pas He ? 
fCaura-t-il pas Hh ? 
n*aura-t-elle pas Hi f 
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Conditional. 

Present. Past, 

ne serais-je pas ? n^aurai-je pas He ? 

In English, a positive statement followed by 
the negative-interrogative form of “ have,” “ be,” 
or one of the modal auxiliaries “ do.” “ can,” 
” ought,” “ should,” etc., is used to indicate that 
the answer “ Yes ” is expected. In French, the 
one expression N'est-ce pas ? is used, whatever 
bo the auxiliary, the tense, or the person : 

He is a friend of yours, is ho not ? C'est xm 
de xx)S amis, n^est-re pas ? 

You speak French, do you not ? Vaus parlez 
frangais, n'est-ce pas ? 

Ho wrote to you l ist week, did ho not ? 
11 xxms a fcrit la senuiine derniere, n'est-ce pas ? 

They will be there, will they not ? lls xj 
seronJt, n'est-ce pas ? 

Exercise XXIT. 

1. Whose books are those ? Tiiey are my 
brother’s. 

2. I wanted to speak to your father, but he 
was not in. 

3. The ass is temperate [sohre) and patient ; 
it would be the handsomest of domestic animaU 
if there were no horse. 

4. The (iauls {Gaulnis) were brave and strong 
(rohuste). 

5. Marshal Lannes had been (a) dyer ; Marshal 
Ney was a cooper before being (t-o be) (a) soldier. 

6. The father of the philosopher {philosophe) 
Diderot, and that of the historian {historim) 
Kollin were cutlers (conteliers). 

7. Pardon is better than revenge (la vengeance). 

8. The Romans (Remains) were the masters 
of the world (le nionde). 

9. There were once two men who were very 
poor and very wretched (malheurenx). 

10. The first was blind (aveugle) from his 
birth (de naissanre) ; the second was paralysed. 

11. They were both incapable of doing (faire) 
anything. 

12. The blind (man), who was strong, carried 
(porta) the paralytic (paralytiqxie). 

13. The paralytic, who was endowed (doxie) with 
(a) good sight (la vxie), guided (dirigea) his 
companion. 

14. Alone they would have (etre) died {marts) 
of hunger. 

15. United (unis) they were able to gain their 
living (vie). 

Regular Verbs 

1. There are four conjugations, distinguished 
from each other by the ending of the infinitive. 

2. The infinitive of the first conjugation ends 
in er, as donner, to give. 

3. The infinitive of the second conjugation 
ends in tr, as finir, to finish. 

4. The infinitive of the third conjugation ends 
in oir, as recevoir, to receive. 

5. The infinitive of the fourth conjugation 
ends in re, as vendre, to sell. 

6. Regular verbs are those of which all the 
tenses are formed uniformly from the primitive 
tenses, or principal parts. 

7. The primitive tenses, or principal parts, are 
five: (a) ihe present of the infinitive^ (6) the 


present participle, (c) the past particdpl^ (d) 
the present indicative, and (e) the past definite. , 

8. For each of the conjugations the principal 
parts are as follow ; 

First Conjugation : donner, donnant, donne, 
je donne, je donnai. 

Second Conjug.\tion ; finir, finissant, fini, 
je finis, je finis. 

Third CoNJiroATioN : recevoir, recevarU, regu, 
je regois, je regus. 

Fourth Conjugation : vendre, vendant, vendu, 
je vends, je vendis. 

I. From the present of the infinitive are formed : 
(a) the future indicative, and (h) the present 
conditional by changing r of the first and of the 
second conjugation, oir of the third conjugation, 
and re of the fourth conjugation into rai, ras, ra, 
rons, rez, rant for the fxiture, and into rais, rais, 
rail, rions, riez. raient for the conditiorval : 


Donne-r 
Future, 
je donne-rai 
tu donne-ras 
il doyine-ra 
nmts donne-rons 
XY)us donne-r ez 
ils donne-ront 
CondUioruil 
je donne-rais 
hi donne-rais 
il donxip-rait 
nous donne-rions 
vans donne-riez 
Us donne-raieyU 
Recev-oir. 

Future, 
je recev-rai 
tu recev-ras 
il recev-ra 
mm 8 recev-rons 
vous recev-rez 
Us recev-ront 
Conditional 
je recev:rais 
tu recev-rais 
il recev-rait 
nous recev -rions 
vo'us recev-riez 
Us recev-raient 


Fini-r 
Future, 
je fini-rai 
tu fini-ras 
il fini-ra 
nous fini-r ons 
vous fini-r ez 
Us fini -rant 
Conditional 
je fini-rais 
tu fini-ra' ^ 
il fini-raii 
nous fini-rions 
vous fini-riez 
Us flni-raient 
Vend-re. 
Future, 
je vend- rai 
tu vend-ras 
il vend -r a 
nous vend-rons 
vous vend -rez 
Us vewl-ront 
Conditional, 
je vend-rais 
tu x)eml-rai3 
il x)end-rait 
nous vend-rions 
xx)us vend-riez 
Us vend-raieni 


Exception.s : 1. First Conjugation — Aller, to 
go ; future, j'irai ; conditional, j'irais. 

Enxxnjer, to send ; future, j'enverrai ; con- 
ditional, j'enverrais. 

2. Second Conjugation : Acqxierir, to acquire ; 
future, j'acquerrai ; conditional, j'ac^uerrais. 

Courir, to run ; future, je courrai ; conditional, 
je courrais. 

CxieilUr, to gather ; future, je cueillerai ; 
conditional, je cueillerais. 

Mourir, to die ; future, je mourrai ; con- 
ditional, je mourrais. 

Tmir, to hold ; future, je tiendrai ; conditional, 
jet'endrais. 

Venir, to come ; future, je viendran ; condi- 
tional, je viendrais. 

3. Third Conjugation : Asseoir, to seat ; 
future, j'assierai ; conditional, j*assierais. 



Avoir, to have ; future, faurai ; Gonditiona), 
faurais. 

Falloir, to be necessary ; future, il faudra ; 
conditional, il favdrait. 

Savoir, to know ; future, je aaurai ; con- 
ditional, je saurais. 

Valoir, to be worth ; future, je. vmtdrai ; 
conditional, je vatidrais. 

Voir, to see ; future, je verrai ; conditional, 
je verrais. 

Vouloir, to wish ; future, je voadrai ; con- 
ditional, je voudrais. 

4. Fourth conjugation : Mre^ to be ; future, 
je serai ; conditional, je serais. 

Faire, to make ; future, je ferai ; conditional, 
je ferais. 

II. From the Present Participle are formed 
(tt) the three persona plural of the Present 
Indicative, by changing ant into ons, e.z, ent ; 
but the third person plural of the third conju- 
gation has the further change of e into oi in 
the penultimate syllable : 


Donn-ant 
nous donn-ons 
voiis donn-ez 
Us donn-ent 

Recev-ant 
nous recev-ons 
ixyus recev-ez 
Us {re^oiv'Cni) 


Finiss-ant 
nous finiss-ons 
vovs jiniss-ez 
its finiss-ent 

Rend-ant 
nous rend-ons 
mus rewl-ez 
Us rend-ent. 


Exceptions : 

1. First Conjugation; Allant, going; Us 

2. Third Conjugation ; Ayant, having ; nous 
avons, vous avez. Us ont. 

Sachant, knowing ; nous savons, vous savez, 
Us savent. 


Ik Fourth (Nmjugation ; Plant, being ; mas 
sommes, vans etes. Us sont. 

DisarU, saying ; vous dites. 

Faisant, making ; vous faites. Us f<nU. 


{b) The Imperfect of the Indicative, 
by changing ant into ais, ais, ait, ions, iez, 
aient. 


Donn-ant 
je donn-ais 
til donn-ais 
il donn-ait 
nous donn-ions 
vous donn-iez 
Us donn-aietU 


Finiss-ant 
je finiss-ais 
ta finiss-ais 
il finiss-ait 
nous finiss-ion 
mus finiss‘iez 
Us finiss-aient 


Recev-ant 
je recev-ais 
tu recev-ais 
il recev-aU 
nous recev-ions 
mus recev’iez 
Us recev-aient 


Vend- ant 
je vend-ais 
tu vend-ais 
il vend -ait 
nous vend-ions 
vous vend-iez 
Us vend-aient 


Exceptions : 

Tliird Conjugation : Ayant, having ; j'avais, 
etc. ; sa>chant, knowing ; je savais, etc. 

(c) The Present Subjunctive bv changing 
o>nt into e, es, e, ions, iez, ent ; out, in the 
third conjugation the three persons of the 


singular, and the third pcraon plural require 
the further change of the e of the penultimate 
syllable into oi. The preceding c then takes 
a cedilla. 

Donn-ant. 

que je donn-e 
que tu donn-es 
qu'il donn-e 
que mus donn-ions 
que vous donn-iez 
qiCils donn-ent 

Recev-ant 
que je {reQoiv-e) 
que tu (reQoiv-es) 
quit {reQoiv-e) 
que nous recev-ions 
que vous recev-iez 
quits {re^oiv-ent) 

Exceptions : 

1. First Conjugation; Allant, going; que 
j'aille, que tu allies, quit aille, quits aillent. 

2. Second Conjugation : acquerant, acquiring ; 
que j'acqniere, que tu acquieres, qu'il acquiert', 
qiCils acquierent. 

Mourant, dying ; que je meure, que tv means, 
qu'il meure, qu'ils meurent. 

Tenant, holdimj ; que je tienne, que t% tienves, 
quHl tienne, qu'ils tiennent. 

Venant, coming; que je vienne, que ta vieunes, 
qaHl vienne, quHls viennent. 

Ik Third Conjugation ; Fallant (not used), 
it being necessary ; quHl laille. 

Mouvant, moving ; que je meuve, que ta 
meuves, qaHl meuve, (f U'ils meuvent. 

Pouvant, being able ; que je puisse, que tu 
puisses, qu'il jmisse, que mus puissions, que 
vous puissiez, qiiils puissent. 

Volant, being worth ; que je vaille, que ta 
vailles, qu'il vaille, quHls vaillenf. 

Voulant, wishing ; qat je venille, que hi 
reuilles, quit veville, qn'ils veuillent. 

4. Fourth Conjugation ; Plant, being ; qar 
je sois, que tu sois, qiiil soil, que nous soyon.'^, 
que. Virus soyez, qu'ils soient. 

Uuvant, drinking ; que je Loire, que tu hoives, 
quil hoive, quils hoirent. 

Faisant, making ; que je. fosse, que tu fosses, 
qu'il funsse, que nous fassions, que vous fassiez, 
qu'ils f assent. 

Only three verbs — Hre (to be), pouvoir (to 
be able), and faire, (to make?) an? iiTcgular 
throughout the whole of the present subjunctive: 
que je sois, que je puisse, etc; ; que je fasse, eti?. 
In none besides these are the lirst and second 
persons plural irregular. 

Key to Exercise XXI. 

1. 11s avaient peur do nous, mrjs ils auront 
(‘iicore plus peur de vous. 

2. N‘ont-ils pas honte de leur conduitc ? 

3. Nous aurions raison, et vous auri(?z tort. 

4. Nous avons eu bien froid. 

5. N’y avait-il pas quelqu’un dans la unison ? 

6. Quel age cet enfant a-t-il ? 

7. Il aura douzo ans le mois prochain. 

2925 


Finiss-ant 

que. je finiss-e 
que tu finiss-es 
qu'il finiss-e 
que nous finiss-ions 
que vous jiniss-iez 
qu'ils finias-ent 

Vend-ant 

que je vend-e 
que tu vend-es 
quit vend-e 
que nous vend-ions 
que vouH vend -iez 
qu'ils vend -ent 
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8. II a un pou plus de doux ans de plus que , 15. 11s auraient eu moins peur da chat quc 

sa soeur. . du chieu. 

9. Av€K-you8 bien faim. Non, merci, mais • 16. Quand a eu lieu la premiere repr6senta- 

j’ai bien soif. lion de cette comMic ? 

10. S’il n’y avail pas do feu, nous aurions 17. EJle a.ou lieu il y a un peu plus de six 

bien froid. mois. 

11. Jo n’ai jamais eu plus froid aux mains. - 18. Si vous avez besoin d’un dictionnairc, 

12. N’aurcz-vous pas trop chaud si pr^« du prenez Ic mien, mais ayez en bien soin. 

fou V 19. Tl y a dix minutes que nous vous 

13. J’ai eu seize ans il y a quinze jours. attendons. 

14. Qu’avaiont ees enfeants ? Ils avaient 20. Vous aurez beau dire ; on nc vous croira 

pour dc ce gros chien. pas. 

Continued 


GERMAN By P. G. Konody and Dr. Osten 


XLIX. Use of Auxiliary Verbs 
of Tense. The auxiliary verb lectfccu, 
to become, to grow, is employed with all verbs 
for the formation of the first and second future, 
of the two conditif)tials in tlie active voice, and 
of all tenses in the passive V()ice. The infinitive 
past, the perfect and pluperfect of all verbs are 
formed with the aid of either (a) fdii, to ])e, 
or (h) fiabcn, to have. Certain verbs form these 
compound tenses (c) alternately with fein or 

(а) The majority of verbs are cojijugated 
with 1 ) 0 lull — especially the transitive, reflective, 
and impersonal verbs denoting actions and 
lasting etlccts of actions, and some intransitive 
verbs. 

(б) With f f in are conjugated many intransi- 
tive verbs, especially those denoting change of 
locidity, motion and transition into other states. 
To this class naturally belong the verbs with 
the prefixes indicating motion -l;cr-, krat;, 
l)inaup, etc. 

(c) Some transitive and intransitive verbs 
admit the use of both fein and liabcn, according 
to the state of action, motion, etc., which is to 
be expressed. Examples : id) bin itceilt, and 
id) l)abe I have hurried; or; icl^ bin 

ftcvittcn and id) babe i^critten, I have ridden, etc. 
In these cases 1) a b e n is used where the action 
of the subject is a more accentuated, settled 
process of activity; whilst feirt indicates 
transitions from one state into another. With 
feiii are conjugated: bev^iV^^^f to moot; fehyu, 
to follow ; Ue^eii, to lie, lay ; ftku, to sit ; jlci)cn, 
to stiind ; n>cnd)fn, to yield, to give way; 

to succeed ; niiiUateri, 

liiutcu, to fail ; and to go, to walk. Thus 

c\cbm is conjugated with fein: id) bin 
(literally ; I am gone) ; but in the reflective 
form : id) 1) a b c mid) mube iTicv 3 au^eit, I have 
walked myself tired (I have tired myself but 
with walking). Frequently the general, un- 
specified character of the action is denoted by 
the use of b a b c n , and the special one by the 
use of I f i n. Thus to express in a general way 
that one has been on lioi seback, one would say : 
tdb bin gerifim, (literally; I am ridden); but 
tdb l^abe>a« gerifien, (I have ridden the 


horse; or id) bin ^nr lVul)lc gcritlcn (literally; 
I am ridden to the mill), but id) babe bad 
pit ^lVid)lc gerittin (1 have ridden the horse 
to the mill). 

1. Several intransifit^e vorhn, like the following, 
are conjugated with l)abrn : priifbnicn, to increase ; 
ab'nct)mcu. to decrease ; aii'fangcu, bcgiu'ncn, to 
begin ; aufbihcu, to cease ; bliii)cn, to bk^ssom ; 
bvenuen, to burn ; bfllcii, to bark ; fcd)tcn, to fight ; 
ghibcii, to glow ; ladicu, to laugh ; lciid)tcn, to 
light; nad)'laiTeu, to leave ott’; tul)cn, to rest; 
fd)cinm, to shine ; fddafeu, to sleep ; UHidicn, to 
watch; un'inen, to weep, cry. etc. 3d) 1) i'lbe bic 
SIrbeit angcfaiuv’U, I have begun tlie work ; 
and intransitive: tie I’lrlvil b a t angefaiigen, the 
work has begun ; and in tlie passive of the transi- 
tive : bic IHrbcit iff angcfaugcu, the work is begun. 

2. The following verl>s are conjugated cither 
with fell! or t)vtbi’n : filcii, to hasten ; fabren, to 
drive ; ()angcn, to hang; fniecn, to kneel ; fricd)cn, 
to creep ; huifcn, to run ; liegen, to lie (in the 
pliysical sense) ; reiten, to ride ; fd)li'fbcii, to be 
.snsj»cnded; fd)linmmcn, to swim; fikn, to sit; 
fpringen, to juni]) ; jlfl)cn, to stand; fldpfrn, to 
stumble ; treren, to tread ; u\uibern, to wander. 
Examples: id) bin or id) l)abc gefniet (I have 
knelt); icb bin or id) b^be v3cfd)n'ommcu (I have 
swum), etc. 

L. Interjections. As in English, the 
interjections denote joy, sorrow, surjirise, 
fear, horr«)r, ete., or call attention to bome- 
thing. Tliose chiefly in use are: V! 9U)I .^la! 
Vl(^ ! (for surprise) ; O meb ! 9lu ! (for pain) ; SBrrr I 
(to express coldness and shuddering) ; ! 

(used like “1 see,” to express understanding) ; 
J ! (^i ! or (5i ! .§m ! (for w onder (»r sur- 

prise) ; ilfui ! (fie ! for shame !) ; A>eba ! A>cl(a() ! 

^Ifl! (for calling attention, like the English 
“I siiy!”) ; and several imitative sounds like 
5.Uump<5 ! ^iifd) ! iff 'Jaff lUiff ! (to mark a sudden 
disappearance or a sudden fall into water, mostly 
used in fairy tales and nursery tales, also the 
firing of guns). Those latter and similar inter- 
jections, like Oiumii'ibibum ! 'Sd)ncbbeitttgcugl (in 
iuiitation of drums and brass instruments) are 
used in a semi-humorous way in descriptions of 
folklore character. J&od)! J&umlj)! are 

interjections for cheering; iproftl (or 
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for drinking. 3eter imb aWor'bie! '^ombcn unb (vocative) ftctjet I You go! aKeine !!8i>vfal)tcu ! 

(^rana'tm! ^immel nub JpolU! are exclamations My ancestors I it, mein (iebev abater ! Thou, my 

of anger and force, akin to swearing. The dear father ! tapfcviM ^d)U'CVt ! Thou brave 
military command of Fire ! jeuev ! as well as the sword ! 

ttre-call, Rm^rto! are counted aiumig the inter- vocative i« also used with interjections : 

ilil ft;„ ^he>nterjection« are often eoiiib^ C c. dimmed (Oh God! Oh rfeaven !), 

with the hfth case, the vocative, which is >M) ^.ctv ^icfue! (Oh, Lord Jesus !) etc. It also 

treated 111 the next i«i-agiaph. fj y.e nusle of ad.lreis in letters: 

L»I. The Vocative Ca®e. This, the fifth CMcetjrfcv .^evi ! [HonouredJ Dear sir. !!l3eftcv 

case in the declension of nouns, is the mode Jvrcunb! [Best] Dear friend. The vocative has 

of address, and is thus employed only with tmits similar to the imperative and the inter- 

porsons, with personal pronouns in the second jection, and is often employed with them, 

person, and with nouns personified : Tii As regards inflection, the vocative is identical 
(vocative) fcfjveibcl Thou write I (imperative). with f-he nominative. 

LII. The following strong verbs with flu; stem-vowel -a- change it in the imperfect into 
-i-, -if-, or -ii-, but retain the original stem-vowel in the past ])articiple. 


1 Tne'initivk 

Present Telnse 

Tuperfec t 

Tmpera- 

Past 

— 

-- 

1., It., HI. Singular 

Indicative 

Subjunctive 

TTVE 

Participle 

blaffii 

to blow' 

id) blaff, bldffff, bldft 

id' blifd 

id) blifff 

blae(f) 

i^fblafen 

bvatfu 

to roast 

,, bvate, bvatfi, bvat 

„ bviet 

„ brictc 

brat(f) 

i^bratfu 



(bvatfft, bratff) 



fUiVfiUhicu 

to receive 

„ fiuvfaiutf, emvfaiupt, 

„ enU'ffi^ 

„ finvfini^f 

fmpf.utii(f) 

fiubfaiii^fu 



cmvfam^t 




fallfu 

to fall 

,, fa Ilf, fill Iff, fallt 

„ fifl 

„ fiflf 

fall(c) 

i^ffallfii 

tnu^fu 

to catch 

„ faiii^e, faiti^ft, fan^^t 

.. pllsl 

iiiMC 

faiifl(t) 

t^ffaiti^eu 

c^f fallen 

to please 

„ it^fallf, vtefallff, i^efallt 

„ ^^ffifl 

„ ^fjiclf 

sVfall(t) 

flffallfii 

^fvatfu 

to come upon 

,, i^evatf, iifrdttl, v^vdt 

,» vU‘vict 

,, ^fviftf 

ilfvat(f) 

ftcratfu 

i)altfu 

to hold 

„ iuiltf, baltfl, bdlf 

„ idflt 

i)ifbf 


^fbaltfii 

haih^fii ♦ 

to hang 

,, bailiff, baitv^jl, bailiff 

„ biiM 

„ biiiv^f 

l).uioi(e) 

(^fbattc^ftt 

(affen 

to let 

,, laffc, lafffft, Uii^f 

liff? 

licjir 

laf; 

i^flafieii 

mifofaHcu 

to displease 

„ mifafallc, -fallft, -fdlU 

mifoficl 

„ mifeficU' 

mifbfall(c) 

mifisfallfii 

ratfii 

to advise 

,, rate, vatft, vat 

„ lift 

,, victf 

rat(f) 

ctfiatcn 

fcl)laffn 

to sleef) 

„ fd)laff, fd)lvifft, fd'liift 

„ fd> 1 iff 

„ fd)lifff 

fd)laf(f) 

^efd)laffu 

badfu 

to bake 

,, bade, badft, badt 

„ bnf 

,, bide 

bad(c) 

ctfbadfu 




(badtf) 

(badtf) 

fal)rfn 

to drive 

,, falnc, fabn't, fahvt 

„ fnl)v 

M fid) VC 

fat)t(f) 

v^cfal)i‘fii 

i^rabfii 

to dig 

,, iirabf, t^rabft, »p*abt 

„ ipnib 

lUi’d'f 

i^rab(e) 

ctci^rabcu 

iabcii 

to sinnmon, 
chaige, load 

( lab-f, -fif, -ft or ) 

” 1 labf, lab ft, labf f 

„ lub 

M In be 

lab(f) 

itflaben 

frfHtfffn t 

to procure. 

„ fdjaff-f, -if, -t 

„ fduif 

„ fd' life 

fd>af((c) 

v^ffd'afffii 


jiroviile 






frf^laitcn 

to sti'ike 

,, fd'lav^f, fd'ldvpt, fd>lac|t 

„ fcbliu^ 

,, idduv-ic 

fd'(ao|(c) 

i^cfd)lai^cii 

tra^^m j 

to carry 

,, tractf, tvdv^ft, tvdvV 

„ tVIhl 

„ triutc 

tra(^(e) 

1 i^ftiartfii 

unid'Kii 1 

to grow 

„ nMd)|f, UHid'ft, U'ad'ft 

„ U'iid)c< 

„ tviid'fc 

U'ad'»>(c) 

i^fivad'ffii 

ward'fu ! 

1 

to w ash 

,, tiHifd'e, irafdKft, irafcbt 

„ U'ufd' 

„ iriifd'c 

trafd'(c) 

i^cuHifd)ca 


* As intransitive (witlioui comjilement), stromj ; as transitive, weak, luiiK^en (aufKiiutcu) 
imperative: luiiuttc; past part ieiple : v^fluiiuV- 

t In the sense of “to worU ” iceak : U'iro nid'tfs (vvarbcitci), Mere is notliing done. 


Lflll. The following strong verbs wdth the stem-vowel -o-, -n , -au-, or -fi- change it in the 
imperfect into -if-, but retain the original stem-vow'el in the fuist participle. 


Infinitivk 



PRKSENT TkNSK 
I., II., III. Singular 


to push 

id) jicjf, flcpt, fU'pt 

to call 

„ ruf.e, -ft, -t 

t() run 

„ (aiiK, tdiifft, iduft 

to name 

„ ftdftf, ft»ift»ft, fttiftt 

to hew 

„ -ft, -t 


TmI'EUKKOT j lurERA 
Indicative Suhjnwtive^^ J’lVE 


I CERA- Past 

TivE Participle 
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Lrl V • Irregular changes of the fttem-vowels are to be noted in the following verbs : 


Infinitive 

Present Tense 

I., II.. III. Singular 

Imperfect 

Indiccitive'^Suhjunctive 

Impera- 

tive 

Past 

Participle 



erfd)aricii 

to resound 

er, pe, cd crfd)aUt 

eifcBoU 

evfd;c((e 

erfcBallfe) 

crfcBcnen 

fcBU'i'teu 

to swear 

id; fd;U'cvc, -p, -t 

icB fchwer, 

id; ftBtrcre 

f(Bb)6r(e) 

gefcBtrcren 




•1*0 f^R'UV 

(fdBivure) 




to be extin- 

„ \?er(i'fd;c, dcrfcfcBcp, 

i(B bcrlofd) 

„ derU'fd;e 

derIcf(B(e) 

verkfcBen 


giiished, go out 

dcrlC'fcBt 





Pe()en 

to stand 

*, PcB'C, -p, -t 

id; ftanb, 

„ Paubc 

W(e) 

gePauben 




ai«> ftuiib 

(punbe) 



fommen 

to come 

„ Fomm c, -P, -t 

id; Fam 

„ Fame 

fomm 

gefommen 

IPgen 

to lie 

„ lug e, -p, -t 

um 

,» loge 

W8(0 

gelcgen 

tun 

to do 

„ tU'f, -ft, -t; tint tnn 

tat 

„ tate 

ftt(e) 

getan 



(subj. id) tu-c, -fP) 





fcBinben 

to flay, skin 

„ fd;inb-c, eft, -et ! 

„ fifinnb 

„ fd;fmbe 


gefd;unbeu 


* The transitive compound of (ofd;cii : au^U'fc^en is weak : (h* l)at ba« Scucv auiJi^elcfcl)^, He has 
extinguished the lire. 


EXAMINATION PAPER XIV. 

1. For the formation of which tenses is the 
auxiliary verb ircrteu used t 

2. With which auxiliary verb of tense are tlu‘ 
majority of verbs conjugated, and to which 
groups of verbs does this rule most par- 
ticularly apply ? 

3. How does the character of a verb (its being 
transitive or intransitive, reflective or 
impersonal) determine the use of fein or 

in the formation of compound tenses ? 

4. With which verb is tho auxiliary verb fciii 
employed ? 

5. In what state of action is the auxiliary verb 
t)atcn used for the formation of the compound 
tenses ? 

6. What circumstances determino the use of 
fciu or in the compound tenses of the 
verb tf ite«, to ride (on horseback) ? 

7. What is the characteristic feature in the 
formation of the past participle of many 
strong verbs that cliange tho stem-vowel -a- 
into -ic- or -u- in tho imperfect ? 

8. Which vowel is taken in tho imperfect by 
verba with the stem- vowel -c-, -u-, -an-, and 
-ci- in the infinitive and past participle ? 

Exercisk. Transpose the following tenses 
from the pist and pluperfect to the imperfect. 
l?abe bic ilrompete QeHafni ; bu 
I have blown the trumpet ; you had re- 
tell embfcittgen ; bic geinte tjciben bcii Dfjxjict vvfcin^en ; 
coived him ; the enemies have captured the officer; 
fif Bat ink v^efalleit; bad ,^tub ift geirad^^fcu ; 
she has pleased me ; the child has grown ; 
bte gi'aucu r)attm bie ficu'afd)eu; 

the women had washed the washing ; 
Iter l^at niicb vl^rufeu? JDu bift fdjneU ^claufeu ; 
who has called mo? You have run quickly ; 
ct ]^at wic^ flefrefieu; ivdim feib i()i* gcfomineu? 
he has pushed me ; when did you come ? 

(have you come ?) 

^urfd^e ^fat gefcv^cii ; er I)attc einen (lib Qcfdptcreii. 
The lad has lied; he had sworn an oath, 
afiiad ^abctt @ie ^etan? l^abe ed getnigen. 

Wli$t have you done? I have carried it. 
ttareti cben na(i^ $aufe gefontmeit; 

Wo had just come homo ; 


iifi r^ibe inciite fpfiici^t ^daii. 

I liavo done my duty. 

KiiY TO Exercise 3, Page 2640 

9'lad)bcm bic JT^amcn fid) flatten, 

raud)tcn U'iv; iteil OUemanb niu< bic cffiutc, 
ipiuicii U'ir fort; fl)c id) ibm tin "Hh'rt fav^cii Fcinitc, 
tevfd)U'anb ct ; itcnn cd i^niuv'tiD ticl tc^picr, itdd)ft 
ber cb id) p*irne, frug er niic^; falk bad 

^h'ttev cd i^ulicjic, n'unfd)ti' ct abpireifcn ; aid er Fam, 
fd)liff id) ; ba man fie bat, ed gu tnn, faii^ fic cin fiieb ; 
felau^c ^ie cd miv uid)t piflcfa^k l)^kfn, Qcf)c ic^ iiic^t 
fert. 

Keys to Exercises in Examination Paper XIII. 

Page 2778 

Exercise 1. !^d) Fcnne cincn3i)?aun, bet tcvl)eivatct 
ift; id) ftrad) mit ber gran, beren 3)tanu Fran! ift; 
died fiub bie .Hiubet, itelt^c unv i^ftetn im aihilbe tvafen. 
Jtennen @ic bie 3)iabc^en, beven ^Bruber Xennid kicleu? 
3d; bfvjcg'netc bci* gran, bercu Sfilanu beim <S(^)ift’brud; 
iinrfam ; bied ift ber jtnabc, bet mid) bnrd) ben 28alb 
fui)rte. (ft ift ein ai^hutn, beffeu ®ute alUjemdu 
beFaniit ift. 

Exercise 2 (a). <Solbat fid^t tapfet; ter 
3fiinb bemeyk bic Btreige ber ©dnrne; ber (Somieiii 
im'tere^anj^ beltcvk mid; umniFe(;rcu ; bad Sl/abd^m flid;t 
linen .flraiij^; er I)cbt bad gap; bie ©ci^afer fd;ei*en bie 
'^d^afe ; bie ^iiabeu ftier)en ; bad 'HJaffer fliept rafd^. 

(b) Imperleci : ^le i^enofi a iiid)t, etc. ; bie 
<2(^laiuie Fil'd), etc. ; bad Sflaffev fett ; ber 3adet fd;cp 
terpudid) ; i(^ tevlor mein @e(b ; id^ terbef, etc. ; 
bie iBlnmen vcd;en QUt ; glawbe ber SDlaun betreg 
mid) ; bie etc. 

Perfect : (Sie ^aben iud;t bic <Sd()dn^cit ber fianbs 
fd)aft v^enojfen; bie @d;(andc ift fiber ben 
c\efred;eu ; bad ’ifiaffer l;at gefetten ; ber 3«jger l^at tor- 
piglid) gefd)cjfeii ; id) F)abe mein @efb terlcreu ; id) 
Babe 3f)nen bied ernflUd) terboten ; bte tinmen B^^ben 
gut gerccBen ; id; glaube ber SKaim l;at mi(B belrogen ; 
bic 'i? Pan ^e l;at it;re 3^at;ritng andbem^Boben gefogeu' 
(or gefangt). 

Exercise 3. dr ip iiid^t {ebermannd grenub. 
fBo man geberen ip, hurt Beinteit ed einen an ; cd ip 
iiidBt jebevmannd (SJefcBmad j(u preiten ; l;aben 
ftitad geBdrt ? 91ein, idB glaute 

iiiematib(em), ben idB aemanbed ^anb 

ump babci im Spicte gcitefen fein. 

Continued 
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Beginning* of GreeK Sculpture. 

Greek genius found its most perfect expression 
in sculpture, which, in the course of barely two 
centuries (from about 620 B.o. till the middle of 
the fifth century) advanced with astounding 
rapidity from barbaric archaism to a perfection of 
harmony and beauty which has set the standard, 
the “ classic ” ideal for all ages to come, has 
never since been surpassed, and but rareljf ap- 
proached. The Greek achievement was the 
result of the perfect balance of mind and body, of 
political freedom, and of a natural instinct for 
beauty which was constantly fed by the sight of 
graceful and lithe movement, of beautifully 
developed bodies, draped or nude, engaged in 
dance or physical exercise. The ancient Greek 
was a worshipper of the prfect human body, 
and conceived his gods and goddesses in human 
form, in which respect he differed essentially 
from the Egyptian and Assyrian. 

Tn humanising his gods in this fashion, it was 
only natural that the Greek sculptor should 
have endeavoured to eliminate the accidental 
and personal, in order to create a perfect, imper- 
sonal type, serene and unemotional. And having 
found the proportions of features which most 
pleased his artistic sense, he was satisfied with 
indicating such marked differences as between 
youth and ripe age, male and female, without 
attempting individualised expression. 

The earliest Greek works of plastic art — 
“ Greek,” as differing from Minoan and Myce- 
naean — point clearly to Egyptian and Assyrian 
influences, though even in those archaic works 
there is an undeniable striving after tnith, a 
searching for form even under the draperies. 
The first great step towards freedom was made 
by a Chian sculptor, Achermos, who is the 
autho|r of a statue of a running Nike, which has 
been founds at Delos — a work which is still 
archaic in character, but marks an immense 
advance hrom the earlier stiffness. 

The Master Sculptor* of Greece* 
The great period of Greek sculpture begins 
with the Argive school, with Agelaides, a^ut 
560 B.C., the teacher of the three great masters 
Pheidias, Polycleitus, and M 3 rron. The famous 
“ Doryphorus” of Polycleitus was in classic 
times already set up as the ideal of human pro- 
portion, and was one of the earliest statues in 
which the weight of the body, instead of resting 
on both feet, m thrown on to one foot, whilst the 
other leg is free-standing,’* with the heel raised 
from the ground, a device which results in a 
wonderful ease of attitude and sets certain 
muscles into play, 

Myron .was one of the firsts, to discard the rigid 
upri^tness of chest and he^ and to show the 
full flexibility of the body in action. His statues 
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of athletes, among them the famous Discus 
Thrower, a copy of which is preserved in a 
Roman collection, are notable instances of his 
art. With Pheidias the school reached its 
apogee, but although this master’s greatness has 
been proclaimed by his contemporaries and by 
historians of all times, there is not a single work 
which can be definitely pronounced to have 
been wrought by his hand. It is very likely 
that the sculptures of the Parthenon wore either 
his own, or made under his personal direction ; 
and M. Hcinach holds the opinion that the 
world- famed Venus of Milo belongs to the schodl 
of Pheidias [see frontispiece]. Pheidias was the 
leading spirit in the sculptural decoration of the 
Acropolis, and was responsible for the execu- 
tion of the colossal statue of Athene, by^ which 
this wondrous group of buildings was dominated, 
a statue about 40 ft. in height, wrought of gold 
and ivory on a wooden kernel. Pheidias was, 
above all, the sculptor of the Olympian gods, 
and whilst his work embodied the highest de- 
velopment of Greek art in rendering physical 
beauty, the beauty of form, he achieved what 
his precursors and contemporaries hod never 
arrived at, perhajis never tried for — the ex- 
pression of spiritual dignity and exaltation. 

Expression of Human Emotion. In 
the third period of Greek sculpture, which 
embraces the fourth century down to the time 
of Alexander the Great, the former ideal ol 
merelv physical life and spiritual serenity is 
abanooned for the expression of human passions 
and emotions. The three great masters of this 
period are Scopas, Praxiteles, and Lysippus. 
The pathos and emotion which were at the com- 
mand of Scopas’s chisel appear in a work like the 
famous Niobe group, which is presumably his. 
The wonderful Nike of Samot brace is yet another 
of the world’s masterpieces that betrays at least 
his influence. There is less passion and more 
dreamy tenderness, with an appiopriate soft 
rendering of the forms in such works of Praxiteles 
as have comedown to us, the most famous and 
characteristic of which are probably the \enu8 
of Cnidus, at the Vatican, and the Hermes of 
the Olympia Museum. Lysippus, who is said to 
have produced no less than l,fi00 works, mostly 
in bronze, delighted most in representations of 
physical vigour, and therefore chose Hercul^ 
as his favourite theme. He also excelled in 
portraiture, and produced many statues of 
Alexander the Great, who refused to give 
“sittings” to any other sculptor. The work 
by which Lysippus is best known to us is the 
superb Apoxyomenus of the Vatican Museum 

'nsrri e death of Alexander the Great, and 
the formation of independent states by his 
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generals, i\thens ceased to be the centre of 
Greek art, and new schools arose in the capitals 
of the diifcrcnt despots, notably at Pergamum, 
Alexandi'ia, and Antioch. Art was no longer the 
glory of a free people, but had entered the service 
of princes. It is quite natural that the new 
conditions should be reflected in the art produc- 
tions which now, in the “ Hellenistic ” period, 
made more for outward show and effect than for 
the pure ideal of the Hellenic or Attic period. 
Yet the Hellenistic! period can scarcely be called 
a period of decline, for it had so much artistic 
vitality that it extended the realm of art to 
regions that had never before been approached. 
“ After serene strength (Phidias), languorous 
grace (Praxi- 
teles), passion 
(Scopas), and 
nervous elegance 
(Lysippus), art 
had yet to ex- 
press physical 
suffering, a n - 
guish, the tumult 
and disorder of 
the soul and the 
V>ody, and this 
was admirably 
done by the 
schools of Rhodes 
and Pergamum.” 

(S. Reinach.) 

The Hellen- 
istic Period. 

The great Lao- 
coon group, by 
three Rhodian 
sculptors, Ages- 
andros, Atheno- 
doros, and Poly- 
doros, is the 
most famous and 
characteristic 
work of the 
Hell enisti c 
period, and phy- 
sical suffering 
has never per- 
haps found better 
expression than 
in the writhing, 
struggling figures 
of the priest of 
Apollo and his two sons [80]. The great Famese 
Bull, of the Naples Museum, belongs to the same 
period, and follows the same art ideal. The most 
extensive and important work of the Pergame- 
nian period is the frieze — some 300 ft. in length — 
"of the Zeus altar erected by Eumenes 11., about 
200 B.C., which is now the glory of the Berlin 
Museum. Here again the keynote that runs 
through the entire work is violent movement and 
fierce struggle. Wonderful, too, is the realism 
of the ** D^g Gaul,” at the Capitolme Museum 
in Borne, one of . the m^st famous works of the 
Pergamese school [8l£], Human passions and 
emotions are expressed even in the statues of the 
Olyilgpiaii gods of the Hellenistic period, such as 


the Belvedere Apollo, whose face Ls full of fire 
and excitement as his eyes follow the dart he has 
hurled at the python [31]. 

As in sculpture, so in the arts of cutting 
cameos and striking coins, the Greeks of the 
classic period attained to a level of perfection 
that has never since been equalled. The absence 
of positive evidence makes our knowledge of 
Greek painting very fragmentary. There is no 
lack of literary records and anecdotes, such as 
the amusing stories told about Zeuxis and Parrha- 
sios, and about the deceptive realism of their 
paintings. But there is no measure of com- 
parison with modern achievement, and what 
may have appeared marvellously plastic and 

realistic to thc! 
ancients may 
strike the modern 
eye as flat and 
unreal. Positive 
evidence is only 
to be found in 
the necessarily 
conventional 
vase-painting, and 
in the Porapf‘iHn 
wall decorations, 
executed by 
Greek artists in 
a period of de- 
cline — paintings 
which reflect pro- 
b a b I y but a 
shadow of the 
Greek achieve- 
ment of the 
Attic, the Ephe- 
sian, and the 
Sikyon schools. 

We can form 
an idea of the 
pictorial fancy, 
the rhythm of 
line, the skilful ar- 
rangement, the ex- 
quisite draughts- 
manship, the 
knowledge of 
light and shade, 
the harmony of 
colour, of Greek 
minting, but we 
do not know 
whether Grecian art ever got beyond mere local 
colouring. As regards subject, the Greeks 
had almost as wide a range as the modems ; 
it comprised history, mythology, scenes of 
actual life, caricature, still life, and portraiture. 
Tliey used the fresco technique for wall 
paintings, and tempera for panels. In the 
best period they used the enoaustio method, 
painting with dry wax-sticks, and bumkig the 
colours into the carefully-prepared sunaoe. 
Many names of Greek painters have come down 
to us, though of their works not a trace is left. 

First Attempts at PerspectiTe* The 
decorative paintings of Polygnotos and Mikon 
were^colouT^ outline drawings without modelling. 
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shadow, or perspective. Agatharchos, at the 
end of the fifth century b.c., was one of the first 
artists who devoted his attention to persoec- 
tive, whilst Apollodoros was a master of light and 
shade and modelling. All these belonged to the 
Ionic school. In Ephesus, 

Zeuxis and Parrhasios 
mark the step towards 
realism. It is said that 
the former painted a 
bunch of grapes so true 
to nature that birds 
tried to pick at the 
fruit, whereupon his 
rival painted a curtain 
so deceptive that Zeuxis 
tisked him to pull it 
aside. Greek painting 
reached its apogee in 
Apelles, in the second 
half of the fourth 
century, after which 
l)cgins the period of 
decline, of waning 
idealism, and striving 
for extreme naturalism. 

It was then that the 
art of mosaic painting 
was developed which 
was to become so popu- 
lar in the decoration of 
Roman houses. 

Roman Art. The 
art of* Rome is partly a 
development of Etrus- 
can art, partly an im- 
portation from Greece. 

Long before the con- 
quest of Etruria, the 
Etruscans, whose eth- 
nological origin is still shroudtxl in mystciy, had 
a characteristic civilisation and art of their own, 
and excelled in the crafts of the potter, the 
jeweller, the bronze-caster, and the stone-carver. 
But their art, though in time it was permeated 
by Greek in- 
fluences, lacked 
the pure beauty 
and serenity of 
Greek art, as well 
as Its idealism. 

Numerous paint- 
ings hav(^ been 
found on the 
walls- of subter- 
ranean Etruscan 
tombs — coloured 
outline drawings 
of figures^ dancing, 
or hunting, or 
feasting, without 
any attempt at 
pictorial composi- 
tion* but rather 
in the manner of* reliefs. The so-called 
‘ Etrusoan ** vase^paintinffs are now proved 
to have been produced oy Greek craftsmen, 
but the numerous terra-qotta figures and 


portraits are the products of a vigorous in- 
digenous art. 

Roman Architecture. In architecture 
the Etruscans introduced for the first time in 
Europe the arch, formed of w'odgc-shaped 
stones, to replace the 
natural form of the 
horizontal architrave. 
The discovery of the 
full possibility of the 
arch was, however, left 
to the Romans, in whose 
hands the entire art of 
architecture was re- 
formed bj the intro- 
duction if the arch as 
a structural system. 
The knowledge of the 
strength and power of 
resistance of the arch 
led first to its use for the 
semicirctHar or waggon 
headed vault, then to 
the cross vault, and 
finally to the dome oi 
cupola. Tt practically 
removed all former re- 
strictions. and gave the 
builders a freedom of 
invention and chances 
for novel combinations 
of architectural motifs 
that had never been 
thought of before. The , 
Coliseum, the Panthcjon, 
and the Arch of Titus 
in Rome, may be 
mentioned as the three 
best known examples 
of Roman arched and 

vaulted buildings [34J. 

The arch, in spite of its great possibilities of 
decorative use, was an eminently practical 
device, quite in keeping with the sober, reason- 
able, practical spirit of the ancient Romans, 
a race of con- 
querors who culti- 
vated art more in 
the spirit of the 
collector than of 
the producer. They 
were great in ap- 
preciation, but not 
in creation, of 
paintings and 
statuaiy, which 
they imported in 
enormous q u a n - 
titics from the con- 
quered Greek states 
and colonies, be- 
sides giving con- 
stant employment 
to skilled Hellenic 
artists and craftsmen. Only in architecture 
have they left an importapt legacy to the world 
[85], and even in this sphere they had. to fall back 
on the Greek architectural system to introduce 
» 2931 
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the element of pure beauty into their imposing 
buildings. By slight modifications of the Corin- 
thian order they arrived at the Roman or compo- 
site order of architecture [see page 2035], in which 
the chief feature is a rather clumsy combination 
of the Corinthian acanthus leaves and the Tonic 
volutes on the capital. ^Fhe Corinthian and the 
composite orders were in general use throughout 
the period of the Roman Empire, though the Doric 
and Ionic orders were not altogether discarded. 


Roman Houses. The excavations of 
Pompeii give a complete picture of the arrange- 
ment of the Roman private houses, which were 
divided into the public front part and the 
private apartments at the back of the building, 
each grouped around an open colonnaded court, 
the atrium. The walls were richly decorated 
with fresco paintings, the floors with mosaic 
inlay. Tlie basilicas, or public halls for the 
transaction of business, and perhaps of law 
cases, are of great importance, if only for the 
reason that this form of rectangular hall in 
two storeys, with the wall of the second storey 
supported by colonnades, was subsequently 
adopted for the early Christian churches. 
Tliough the Romans, in their domestic buildings, 
neglected nothing that could add to the air of 
elegance and comfort of their homes, the build- 
ing genius of this nation, as of the Greek, 
was chiefly spent on imposing public edifices, 
on temples, theatres, aqueducts, and public 
baths. 

Roman Sculpture. The art of sculp- 
ture in the days of ancient Rome was merely a 
continuation, or rather a revival, of Greek 
sculpture. ITie Romans, ever greater in appre- 
ciation than in creation of works of art, loved 
to surround themselves with good copies of 
famous Greek statues ; and, in fact, until the 
genuine works of Hellenic art became known 
during the last century, our knowledge of the 
masterpieces of ancient Greece was entirely 
dependent on Roman copies, or rather copies 
made by Greek sculptors for Roman clients. 
Such original works as the famous Medici 
Venus [page 184] are remarkable for their purity 
of form and melodious rhythm, but lack the 
naive sincerity and the pulsing life of the finest 
achievements of Greek art. Tliis and kindred 
works still bear the characteristic stamp of 
Greek art, but in plastic portraiture Romo 
introduced a new conception of art. 

The subjects with which Greek sculpture 
had been almost exclusively occupied demanded 
a certain idealism. In representing actual human 
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individualities the sculptors of Rome aimed paintings at Pompeii and Herculaneum are 

at character rather than beauty, and arrived partly the works of Greek painters of the decline, 
at a sound, healthy realism of (‘xtraordinary and show considerable di (Terences in artistic 

vigour. In the full figure, as in the superb merit. They depict scenes of daily life, generally 

marble statue of Augustus [33|, they retained with strikingly graceful liguros, or mythological 

something of Greek dignity and elegance ; but compositions, many of which are probably 

in the lieads, in the countless marble and inferior copies of Greek masterpieces. The 

bronze busts of emperors, every other con- colouring is light and tender, the modelling -at 

sideration had to cede to the desire of life- times merely indicated, and at others carefully 

like realism. worked through. The Aldobrandini Marriage, 

Relief Carving. The relief carvings on at the Vatican, a fresco of the Pompeian type, 

the Roman sarcophagi belong to a late period is perhaps the most beautiful example of wio 

— a period of decline — and are generally the painting of the period [36J. 

more or less mechanical work of skilled crafts- If the majority of the Pompeian paintings are 
men who were content with repeating again and unmistakably Greek in character, there are others 

again tho same composition. In every respect which are as distinctly Roman, if we may tak(^ 

they are vastly inferior to the remarkable reliefs realism as the characteristic feature of Roman 

on the Column of Trajan, an excellent oast of art. It has been pointed out that certain 

which is to be found at the Victoria and Albert Roman frescoes arc executed in a style not 

Museum. Nevertheless, these sarcjophagi were unlike that of the modern impressionists, and 

of tlio greatest importance to the history of art that a frosc'O in the Casino Rospigliosi is 

for the stimulating influence they were to so “ free in execution that it might easily bo 

exercise after many centuries on the Pisan attribut(‘d to Fragonard.’* This may be a slight 

and other sculptors of reawakening Italy. exaggeration, but it is certain that the germ 

Paintings. Like sculpture, painting in of realism was at no lime eradicate-d from Roman 

Rome was derived from Greek sources, though or Italian soil, and that at the time w’hen Byzan- 

in this branch of art the Romans were not tine stiffness and formalism had invaded Italy 

entirely dependent on Greek executants, from the Eastern Empire only a slight stimulus 

since we know the names of some native was needed for this healthy tendency to reassert 

RomCtti artists who flourished as far back as itself and to blossom forth in its full power, 

the second and third centuries B.c. The fresco CorUinued 
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to the grade of second secretary they arc 
paid £300 rising to £450, and after seven 
years’ service in that rank become first secre- 
taries at £500 a year. From this point advance- 
ment is rapid to the foremost positions ; but 
as the salary and status of a British represen- 
tative abroad vary with the importance of 
the country in which he serves, no strict classi- 
fication is possible. Councillors receive from 
£5(X) to £1,000 a year, ministers and envoys 
between £1,300 and £5,000, and ambassadors 
from £5,500 to £9,000. In Peru and Venezuela, 
for instance, we are represented by ministers 
resident at £2,000 a year each, in Portugal 
by an envoy-extraordinary and minister-pleni- 
potentiary at £3,750 ; while in the capitals 
of such first-class Powers as Germany, Turkey, 
and Russia, we have ambassadors stationed 
who receive for their services from £7,800 to 
£8,000 a year. Tin? premier position in the 
service— that of British Ambassador in Paris 
at £9,000 a year — is held by a distinguished 
<liplomatist who began his career as a Foreign 
Office (ilerk. 

King*9 Messengers. A small force of 
Foreign Service messengers is employed for the 
conveyance of confidential despatches between 
headquarters and the embassies. This work is 
responsible and sometimes not free from perils. 
The messengers are therefore chosen with the ut- 
most care from among skilled horsemen of hardy 
frame an d proved courage and devotion. Several 
of them have held commissions in the Army, 
•^rhey are paid from £250 to £525 a year. Can- 
didates must be between 25 and 35 years of 
age, with a good colloquial knowledge of French, 
German, or Italian. When actually bearing 
despatches the King’s messengers wear a pic- 
turesque badge — a silver crown and greyhound 
suspended by a blue ribbon. 

THE CONSULAR SERVICE 

Apart from honorary consulates and those 
held by traders — with which appointments we 
are not concerned hero — the Con- 
sular service ie maintained by 
means of examinations of three 
classes. Of these the first is for 
student ipterpreterships in the 
Ottoman dominions, Persia, 

Greece, and Morocco ; the second, 
for similar positions in China, 

Japan, and Siam ; and ihe last, 
for general consular posts other 
than interpreterships. 

Student Interpreterships. 

This grade was created in oi^er 
to supply His Majesty’s missions 
and consulates in the East with 
trained officials, speaking and 
writing the native languages, 
and competent to perform the legal and other 
duties of consular officers. It is, of course, 
imperative that the man selected should 
have considerable aptitude in acquiring lan- 
guage ; for which reason foreign tongues are 
prominent among the subjects fixed for the 
entrance contests. 


For interpreterships in the Near East — 
the Ottoman Empire and neighbouring lands 
already named — the examination scheme and 
the subsequent training differ very materially 
from those prescribed for the joint service of 
China, Japan, and Siam. The former branch, 
for instance, is entered by means of open com 
petition ; for the latter a nomination is essential. 
But before discussing in detail the separate 
schemes we may note such conditions as are 
common to both. # 

The age limits for either service are 18 and 
24, candidates who have served on actual 
military duty b(dng allowed to deduct from 
their age any time thus spent. The require- 
ments as to physical health are specially 
searching in each ; and for both sections there 
is the same provision as to nationality : “ Persons 
not actually born within the United Kingdom, 
or born within the United Kingdom of parents 
not born therein, will be allowed to compete 
)nlv by special permission of the Secretary 
of State.” The examination fee in either case 
is £4. 

Interpreters in the Near East. For 

the Turkish dominions, Persia, Greece, and 
Morocco, student interpreters are selected by 
means of open competitions held at intervals 
of about 18 months. Very few vacancies are 
offered at a time, the number in recent years 
liaving never bt^en more than six. Luckily the 
candidates are also few. They rarely much 
exceed a dozen— several of whom usually fail 
in Latin or French. Such a small attendance 
is due to the fact that very few men arq 
sufficiently expert linguists to face an examimi* 
tion in six foreign languages at once. That 
formidable array of alien tongues awaits 
aspirants for the Near Eastern service ; and 
although four of the half-dozen are nominally 
optional, a glance at the accompanying table, 
which includes the results of a rc».cent tost, will 
show that a competent knowledge of each is 
essential for success. 


The test in French is severe, including trans- 
lation from and into the language, dictation, 
writing a letter in French, and conveHation — 
paying particular attention to accents, ^nders, 
and tenses. In all, the various foreign languages 
are responsible for no less than 2,300 in a total 
of 3,000 marks. 
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Students who are declared successful at 
these contests are sent to a university on pro- 
bation for two years, pursuing there a prescribed 
course of studies in Oriental tongues and sjKjnd- 
ing a month of each year in France. During 
the term of residence they receive a salary of 
£200 a year, subject to their passing their 
examinations from time to time. On quitting 
the university they are appointed as assistants 
at a salary of £300 a year, and are despatched 
to a British consulate or legation in the East. 
Twelve months later they are examined in the 
language of the country in which they reside, 
and after a further interval must pass an exami- 
nation in law and history. On the results of this 
final tost their seniority in the service depends. 

Thenceforward the much-examined consular 
servant is suffered to pursue his career without 
further molestation. It is a fairly but not 
extravagantly remunerated calling. On becom- 
ing a vice-consul, the ex-student interpreter 
receives from £350 to £450 a year, with fees and 
allowances which are in some cases very sub- 
stantial. The higher grades of consul and 
consul-general carry salaries of from £000 to 
£1,300, in addition to allowances as before ; 
and for those who win the special favour of the 
authorities at the Foreign Oflpee there are 
chances of transference to still better-paid posts. 

The Far Eastern Service. Until a 
few years ago, student interpreUus in China, 
Japan, and Siam were appointed on the results 
of open contests ; but in 1904 the system of 
limited competition was introduced instead, 
candidates being nominated to compete by the 
Secretary of State for Foreign Affairs, to whom 
they must be influentially recommended. 

The examination subjects, as well as instances 
of the marks that secured appointments at 
the only competition held as yet under the 
new scheme, are shown below ; 


Though this syllabus covers a wider range 
than in the case of appointments in the Near 
East, the ordeal is, in reality, far less trying. 
There are but three foreign languages instead 
of six, apd the legal subjects included in the 
scheme are lesf: fdrmi fable than they ^pear, 
and can fairly easily be “crammed.*' Li the 
re|ralations issued % the Civij Service Oom- 
missiohers the scope of these latter papers is 
thus (a) The elements of onminal 
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law. (6) The principles of British mercantile 
and commercial law relating to ( 1 ) shipping ; 
(2) negotiable instruments, bills of exchange, 
and promissory notes ; (3) contracts for the 
carriage of goods ; (4) contracts for marine 
insurance, bottomry, and respondentia ; (6) 

contracts with seamen ; (6) the doctrine of 
stoppage in transitu ^ and lien. 

On passing the examination, student interpre- 
ters proceed directly to China, Siam, or Japan, 
where they spend a probationary term in study- 
ing the native language, receiving, meanwhile, 
an allowance of £299 a year. On completing 
their studies they are appointed as third-class 
assistants in a consulate at a salary of £399. 
Thence they progress through the grades of 
second and first class assistant (£359 and £499), 
and vice-consul (£609 and £700), to the leading 
position of consul (£809 to £1,200). The abler 
linguists among the assistants rectuve special 
grants for interpreting and translating duties ; 
and in the higher grades there are lil)eral allow- 
ances of various kinds. 

General Consular Appointments. 

Tn 1904 the Foreign Secretary formulated si 
general scheme for recruiting the Consular 
service by the admission of nominated candidates 
other than student interpreters. Anxious to 
attract young men of good stantling and of 
some legal or commercial training, the authori- 
ties have announced that any of the following 
(jualifications will be of service to candidates 
when seeking the Foreign Secretaiy’s nomination : 
admission to the Bar or as a solicitor, a univer- 
sity degrees, or three years’ experience in a 
commercial house. 

Until January Ist, 1997, the age limits for 
candidates are 22 and 39 years ; on that date 
the upper limit will be reduced to 27. Persons 
nominated to com|Hjte are examined in English, 
Frcuich, either German or Spanish, commercial 
law, arithmetic, com- 
mercial geography, and 
political economy, and 
must qualify in every 
paper. A detailed syl- 
labus of these subjects 
can be obtained on ap- 
plication to the Under 
Secretary of State, 
Foreign Office, S.W. 

On passing their ex- 
amination, candidates are 
at first employed for 
several months in the 
B’oreign Office and the 
Board of Trade, to learn 
the methods of business 
in those departments. They then proceed to 
their posts abroad. After a year’s mreign ser- 
vice they are expected to know enough of the 
local language to able to communicate directly 
with the natives. This test being met, the con- 
sulate officers become ehgible for ^vanoement in 
the same way as are student interpreters. It is 
08 yet too early to qompare with any certainty 
the prospects of promotion in thbse two grades. 
CorUinued 
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APPLIED BDUCATION 


It has been pointed out by some philosophers 
that to understand a subject, or even an aspect 
of a subject, we must read several books con- 
cerning it, books arguing diametrically opposite 
views, perhaps, and road these books, too, with- 
out any interruption from books of another 
character. 

There are books, however, which are good at 
all hours, and whose delight is above all laws. 
A novel by Balzac, or Thackeray, or Dickens, or 
Scott, or Dumas, is like the air we breathe, and 
“ may be taken with solid food.” These are the 
books which a man may road as refreshment, 
as recreation after stiffer reading, and yet do 
their authors no dishonour. They are books 
which bring forgetfulness, and re-create mental 
energy. They take nothing out, but pour into 
us a new source of energy — a joyousness, a 
rapture, a content. We go to them to be amused 
and delighted, and they never fail us. 

And yet it is surely desirable that a man 
should not ** make a beast of himself ” with this 
delicious provender. It is not a good thing to 
eat perpetually of the same food. We may well 
envy the people who lived at the perio<l of their 
production, and who had to wait a year, or 
perhaps two years, for the next book of their 
favourite author. With all their volumes on 
our shelves, it is difficult not <o go on reading 
book after book till wo are sated by them, and. 
by the same token, have acquired no aptitude for 
b^ks of deeper meaning. Because of their very 
richness, they should bo used with discretion. 

Opportune Time for Reading,' There 
are people in the world, apparently people 
of some saneness, who will tcjll you that they 
cannot read Dickens, or Cervantes, or Fielding, 
or Walter Scott. The beginner may find the 
same trouble with himself : but let him not 
despair. It is a curious thing, but a l>ook 
requires a certain psychical condition on the 
part of its reader ; probably it is a subliminal 
receptivity of which psychologists are not yet 
aware. The writer remembers as a boy being 
begged to read “ Ivanhoe,” and manfully, again 
and again, trying to do so, being unable to get 
further than yawning over the conversation of 
the swineherd and the jester. Years afterwards 
he sat up reading “ Ivanhoe ” through half a 
night, unconscious of aught else in the universe 
besides the magic of Sir Walter Scott ; and from 
that moment he nu mbered himself humbly among 
the glorious company of his admirers. It is the 
same with other books, and other authors. At 
some moments a book on philosophy or science 
will seem inexplicable, the sentences laborious 
efforts at confusion, the thesis of the writer 
•utterly unintelligible. The next day the same 
book may have the lucidity and the charm of 
a novel, and carry one forward without mental 
effort from the first page to the last. 

We venture, then, to caution the reader 
against trusting my hiat disgust of a writer 
whose name is starlike. How many unhappy 
are, there in the world who have never 
i /h/ of reading “ ^auohamp*s Career,” 


“ Rhoda Fleming,” “ Sandra Belloni,” and 
“ Richard Feverel,” because on one pariicular 
occasion they found “ The Egoist ” a mental 
puzzle beyond their power ? 

An Essential Book. There is one volume 
concerning whose quality the wise man will 
exercise the greatest care ; we speak of an 
English dictionary. It is the opinion among 
too many people that a dictionary is only useful 
for hunting up the meaning of an obscure term, 
or even for verifying the spelling of a word. This 
is a mere nursery opinion. A good dictionary, 
sueh, for instance, as the famous Century 
Dictionary, is a work deserving of the closest 
study. Tt teaches one, in some degree at least, 
the history of words — that wonderful evolution 
of human speech which is among the most 
fascinating of our studies. Well would it be if 
.more people made a hobby of word -history, and, 
in place of postage stamps and birds’ eggs, 
collected interesting instances in philology. 
But as it is, the man who takes himself seriously 
will* at any rate, learn to differentiate between 
a dictionary and a time-table. 

Among the “ refertmee books ” which we may 
recommend to the care of the student is that 
interesting compilationAdescribed as “ Roget’s 
Thesaurus of English Words and Phrases.” 
In a volume of this kind the student not only 
finds synonyms for his own efforts at com- 
position, but learns in how many various ways 
a single word may appropriately be used. Wide 
reading and a good memory, of course, render 
such a volume unnecessary, but the young 
student should not bo without it. All his 
reference Iwoks should be the work of scholar- 
ship, and they should not only bo consulted 
in emergencies, but occasionally read for the 
interest of their information. 

Emerson's Three Rules. In conclusion, 
the individual is wise who is careful so to arrange 
his course of reading that works of the imagina- 
tion are clearly separated froip works of science. 
He must, of course, read both Wordsworth and 
Mill, both Shelley and Professor Bradley, but 
he must road them at different times with some 
interval for the brain to adapt itself t-o the 
change. The brain that has been following 
Aristotle’s reasoning is not ready to mount 
skyward with Shelley, and the brain that has 
been breathing heaven’s air with Shakespeare 
is not ready for the subtle analysis of Darwin, < 

Finally, to end with Emerson, even as we began 
with him, these are the three rules of that power- 
ful mind ; (1) Never read any book that is not 
a year old ; (2) never read any but famed books ; 
(3) never read any but what you like ; or, in 
Shakespeare’s phrase i 

“ No profit goes where is no pleasure ta’en 
In brief, sir, study what you most affect.’* 

The reader, however, will take Emerson’s 
advice with' the remembrance in his mind that 
the will can be educated to take pl^ure in a 
study that once was irksome. If we read only 
what we found pleasure in at twenty we should 
be fools indeed. 
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PRINCIPLES OF TEXTILE DESIGN 

TEXTILES 

Aims in Design : Utility, Durability, and Beauty. Plain 
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Cloths, Cords, Twills, Satins, and Double Cloths 
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By W. S. MURPHY 


Fabrics. A textile fabric i» an extended 
Bubstance formed by the intersection of fibrous 
threads as thick as the combined diameters of 
the threads lying above one another. This defini- 
tion may seem very general and perhaps abstruse, 
but we have to cover a wide variety of fabrics. 
Brussels carpets and silk gauze, linoleum and 
lace, are equally textiles. Some authorities say 
that laces are not textiles, but we shall see 
that no such line of distinction is possible, the 
muslin weaver and the lace-maker often cross- 
ing the one into the territory of the other. The 
business of the textile designer is 'v^ith those 
intersecting threads. He has to say in what 
manner and in what order they shall bo com- 
bined. 

Utility. When we speak of design, the 
imagination is apt to run upon art lines, and form 
visions of figure and colour, picture and ornament. 
But the facts of everyday work severely contra- 
dict the imaginative tendency. Ornament is not 
the first object of textile design. The primary 
duty of the designer of fabrics is to scheme a 
useful commodity. Utility is the basis of textile 
production. Clothes are meant to cover the 
body, preserve its natural heat, and protect it 
from external heat or cold. Carpets and floor- 
cloths conceal the floorings of rooms, and present 
a smooth or soft surface to the foot. Even such 
fabrics as lace and gauzy draperies are primarily 
useful, and intended to screen or veil the objects 
before or on which they are hung. 

Durability. A very important quality of 
textile fabrics is durability. Cloth of every kind 
is subject to varying degrees of friction and 
strain, and, in designing, we are called upon to 
endow the fabric with the requisite wearing 
quality. The structure must stand the stress of 
use. Some fabrics are subject to friction only, 
some bear tensile strain only ; but most textiles 
have to suffer both rubbing and straining. Wear- 
ing qualities largely depend upon the kind of 
threads used and the way they are put together. 
An important part of the designers work is to 
see that threads are disposed so os to offer the 
strongest resistance to friction or stress. 

Ornament. Having obtained fitness and 
durability, we may go on to ornament. Here 
the utilitarian is bound to concede a little to the 
artist, llie addition of certain forms of omamtnt 
strengthens fabrics ; or, to put it another way, 
some patterned cloths are stronger than the 
plain cloths of the same class. On the other 
hand, figures and patterns, if formed out of the 
substance of the fabric, may we^en it con- 
siderably. Colour, if properly applied, has little 
or no effect on the wearing quahty of ploth, and 


otherwise enhances its value. There is no reason 
why. in nine cases out of ten, a dyed thread 
should not last as long as a grey one. Certain 
shades of brown, and one or two dyes, weaken 
the thread slightly and form the exception to this 
rule. Colour is the main source of textile orna- 
ment, and the student should pay attentive 
heed to the dyeing section of our course. Every 
kind of textile has its own canons of art. What 
might be appropriate in fancy cottons would be 
out of place in carpets or woollens. 

Warp and Weft. We have said that 
textile fabrics are composed of crossed and 
combined threads. As a rule, the cloth is built 
together by the interlacing of longitudinal 
threads called warp with the traversing threads 
we call weft. The warp is in the loom, and the 
weft is in the shuttle. The relations of those 
two constitute the design of the fabric. As we 
have hinted, there are exceptions of a complex 
nature ; but these may be left out of account 
meanwhile. We name the warp threads the 
ends^ and the weft threads are picks. 

Varieties of Threads. In the study of 
textile design we have to consider the various 
kinds of threads which may be used. In the 
foregoing part of our course we have studied the 
making of fibres into yarns, and have seen cotton, 
woollen, worsted, flax, hemp, jute, ramie, and 
silk threads reeled into hanks for the weaver. 
The possibilities of variation in each one of these 
fibres arc veiy large. We may have many 
degrees of soft spinning in cotton and other 
fibres, and lightness of twist in silk ; on the 
other hand, the degrees of hardness to which we 
may spin are equally extensive. The counts of 
yarn run in cotton from 10 hanks to the lb. 
up to 300, or even higher, and in all the other 
fibres we can obtain a range which, though less, 
is still considerable. Without going too deeply 
into this maze of differences, we shall lay (town 
a few general principles which should constitute 
a ground- plan of the labyrinth. 

Designer’s Paper, Pointed paper, de- 
signer’s paper, squared paper, and lin^ paper 
are the various names given to the kind of paper 
[117] upon which designers work out their 
schemes. It gives a very useful aid to the student. 
We must always remember that no point in any 
textile (lesign can bo smaller than the square 
of the diameter of the thread used. This fact 
gives a certain stiffness to all designs worked out 
in thick threads, such as woollens and carpets. 
The transition from colour to colour is very 
marked, and delicate shading is very diffiouli 
Sometimes artists draw out designs or schemes 
of colour on ordinary drawing-paper, and, if 
accepted, the pictures are put on to pointed 
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pa^er by the factory designer. But the more 
satisfactory way for all concerned is to encourage 
the textile designer in artistic effort, and so have 
the picture shown as a weaving scheme at once. 
It may be that a design from an artist without 
textile experience works out 
all right up to a certain point, 
and then baffles the most 
ingenious effort to get it within 
the scope of the loom. Much 
valuable time and labour has 
thus been wasted through the 
fault of nobody. 

It is difficult to present a clear 
picture of designing paper [117]. 

The squares arc all the same ; 
but if wo take it that, read 
vertically, the squares represent 
warp threads, and road hori- 
zontally, weft threads, some 
idea may be gained [118]. W arp 
and weft are together at every 
point of ordinary cloth ; the 
spaces covered by the vertical 
and horizontal squares are the 
same ; but the question the 
designer has to answer is — what 
is to be the order of the appear* 
ance of those threads upon 
the surface 1 If two layers of thread are put 
on the same space, the one must lie on the top 
of the other. The under lot of threads must be 
hidden, and not a particle of connection is estab- 
lished between the two sets. Lest us 
make the warp threads white and the 
weft threads black. So long as the 
warp threads are upijermost, our 
squares are white, and a black square 
indicates where a weft thread conics 
up Having secured means of identi- 
fying the two sets of thread we pro- 
pose to combine, we can now proceed. 

Plain Cloths. Weaving is a 
continuous flat plaiting. For instance, 
suppose we take eight slips of paper, 
four to represent warp, and four weft. 

Lay the warp slips lengthwise in a row. Take 
a weft slip and insert it under the end of the 
first warp slip, over the second, under the third, 
and over the fourth. With the second weft 
slip reverse the order, passing it over 
the first warp slip, under the second, 
over the third, and under the fourth. 

Plait the third weft slip like the first, 
and the fourth like the second. Now 
we have a fairly solid square of 
plaited paper, the component slips 
appearing alternately on each sur- 
face. Simple as it may appear, the 
fact that interwoven slips or threads 
of any material will form into a unity 
lies at the bottom of all textile work. 

In plaiting either threads or paper 
slips, we bend the one substance over the other, 
and leave an opening at the bending point. Hold 
a piece of plain cioth up to the light, and you will 
see holes in it at the crossing of eveiy thread. 
A few^^hrefi^s^ of plain cloth magnified [119] 
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shows this clearly. The thicker and harder the 
fibres or threads, the wider the openings must 
be, and the effect of twist [120] is one of the 
designer’s tools. No plain cloth can be abso- 
lutely solid. Bui we have w^s of obviating 
this defect. The thinner the 
threads, the smaller the open- 
ings. By using a soft, spieading 
thread, we can reduce the open- 
ing to a minimum — that is, the 
soft fibres will spread over and 
hide the openings. Plain cloths 
can thus be varied a good deal. 
We may have thin warp and 
thick weft, thick warp and thin 
weft, warp of cotton and weft 
of wool or worsted, warp of 
worsted and weft of silk, and 
many other variations, while 
the weaving action remains the 
same. 

Yarns in Cloths. The 

relations of warp and weft 
should be closely investigated 
to begin with. Plain weaving 
does not necessarily mean plain 
cloth. Hence some confusion 
has arisen in trade terms. 
Poplins and cords are not plain 
cloths, but they are plain weaves. Lt^aving out 
of consideration for the moment the different 
materials of which warp and weft may be com- 
posed, let us look only at theii* relations in 
regard to thickness. In the best 
class of what we may call poplin 
weaves, the weft threads arc thicker 
than the warp threads. On the other 
hand, there needs be more warp threads 
to the inch than w eft threads. Observe 
the inevitable effects [121]. The thick 
weft threads are too heavy for the 
slender warp threads to bend ; but 
one must bend, and it is the warp. 
The weft lies straight. But because 
the close warp bends round the first 
thick thread of weft, the second weft 
thread cannot get up close to its neighbour, 
and so the riblx3d appearance of the poplin 
weave is produced. 

Cords. Another way of producing a pattern, 
or variation, on a plainly-woven 
cloth is by reversing the propor- 
tions in the thicknesses of the warp 
and weft. A fine, thin weft is help- 
less against a thick warp, and 
therefore must do all the bending. 
In doing so it forms a slender 
barrier between one warp thread 
and another, producing the fabric 
we call cord, 

Specific Nature of Plain 
Weaving. From these ins^oes 
the student will learn that the one 
quality which distinguishes what are technically 
called plain clotha is the interweaving of every 
thread of warp with every thread of weft. Any 
departure from that order is not plain weaving. 
This fact has to be very firmly grasped, or we 
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But if that were all, we would have made no 
advanoe. Earh weft thread does not pass under 
and over the same two ends, nor does each 
end pass under and over the same two pipks. 
The first weft thread, or pick, passes over ends 
No. 1 and No. 2, the second pick passes over 
ends No. 2 and No. 3, and so on, 
each pick advancing one end [123]. 
In like manner, the warp threads 
divide the weft, moving one forward 
in consecutive order, while all the 
time combining witli two threads. 
The effect of the regulated change is 
to produce a diagonal pattern on the 
surface of the cloth. 

Variation of Twill. Within 
reasonable limits, it is possible to 
make any breadth of twill. It is 
common to see four warp and four 
weft threads appearing alternately on 
the surface of a cloth, the principle of 
shifting the range, of course, being maintained. 
This pattern could be worked out with sixteen 
threads, eight of weft and eight of warp. But, 
suppose, instead of four up and four down, we 
elected to have one up, one doTO, and three up 
and three down, a neater pattern would result, 
and a firmer though not so heavy 
cloth. This opens up before us a possi- 
bility of wide variation in pattern. 
The twill structure forms a diagonal 
line ; but it is easy to alter the twill 
so as to change the direction of the lines. In 
this way, checks, stripes, or figures may be 
formed by simply altering, according to design, 
the direction of the twills [124, 125 and 126]. 
Elaborate as many of these patterns may seem 
at first sight, the student, by analysis, can 

reduce them to 
simple forms, or 
diverse repetitions 
of simple twills. 
One caution must 
be given here. 
There is a limit, to 
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warp over weft or 

weft over warp — a point at which the crossingvS 
partake of the nature of floating thread?. Short 
of that danger, the designer has ample scope 
for ingenuity and artistic taste, and there is 
no reason why the danger-line should ever 
be apiiroached. 


may find ourBelves in confusion. For example, 
in some districts the species of cram ” which 
produces re.ps has been classed with plain cloths. 
It is true that the three or more fine threads 
of the heavier reps are put through one dent, 
or head, in the reed, and thus appear as one 
thread, on which the weft interlaces 
alternately ; but it is a fancy weave, 
because of the introduction of the 
combined warp threads, and if that 
be allowed to pass for plain work, 
it is hard to say where we could stop. 

Twills, or Twilled Cloths. 

We have seen in poplin the warp 
threads laid close together and the 
weft threads held apart. In cords, 
on the other hand, the weft threads 
are close and the warp threads are 
separated. Now, it seems possible 
that those two opposites may be 
combined and afford a perfectly 
close fabric. The clo.ser fabric will necessarily be 
heavier, and, other things being equal, stronger. 
Plain weaves, however, give very little scope for 
ornament. After we have alternated two warp 
threads with two weft threads, our pattern is 
finished, and the possible variations can be shown 
on four squares of pointed paper. Ad- 
vancing a stop further, wo attempt a 
pattern involving six threads, three of 
warp and three of weft. Pass the weft 
thread over the first two of warp and 
under the third ; pass the second weft thread 
under the first, over the second, and under third 
warp threads ; pass the third weft first, and 
under the thread over the other two warp 
threads. Repeat this over a web, and you will 
find that it shows diagonal lines. This is named 
three- end tioill, and 
is commonly seen 
in cashmeres and 
similar fabrics. 

The eight - thread 
twill, of which we 
give a design [122], 
illustrates the 
principle. 

Before going further, wo may inquire what 
effect this method of weaving has upon our 
cloth. In the case of three-end twill we 
have only one bend for two warp threads every 
alternate pick. The component threads of the 
web must, therefore, lie closer, and let 
us put more into the inch of cloth. 

The cloth is heavier and more compact. 

Diagonal Cloths. Having dis- 
covered the advantage of changing the 
interweaving of warp and weft, we 
have the right to proceed a little further 
in the same direction. If the order 
of interweaving eight threads can bo 
changed, it follows that the variation 
in a larger number of threads will be 
greater. This is the principle on which the 
cloths we name diagonals are formed. Here 
the weft thread passes alternately over and 
under two warp threads, and the warp thread 
passes in the same way over two weft threads. 


121. SECTION OP 
CORD CLOTH 




Satin Twills. It is commonly 
supposed that broken twills, or satins, 
are made solely for ornament. Bjit a 
beautiful cloth may al lo be a specially 
strong cloth. A familiar example is the 
five-thread broken twill [128 imd 129]. 
To view this properly, and get a clear 
124 . dbs'onTor understanding of the principle, let us 
suppose that a regular twill of five 
end? has been made, three weft and 
two warp threads crossing in the usual way. In 
this twill there are always two adjoining threads 
crossing. The character of bro .on twill is the 
opposite ; no two succeeding picks of weft inter- 
weave with adjoining ends. To accomph'sh 
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this, we take the Humber that will not divide 
into five — the lowest number, that is — which is 
two. The points of interweaving should, there- 
fore, be two threads apart [127]. Carefully cut up 
^our twill pc^tem into warp strips, and re- 
arrange them so that no two threads inter- 
woven shall come close together. Warp thread 
No. 4 will lie along thread No. 1, thread No. 2 
will bo next, thread No. 6 next, and thread 
No. 3 last. This principle extends over the 
whole range of patterns. Advancing to a point 
where the whole method can be viewed at once, 
let us take a pattern involving six- 
teen ends [180] and rearrange it 
[ 181]. We obtain a new and pretty 
pattern. 

Several objects may be attained 
by means of the broken twill — 
added strength, either in warp or 
weft, smoothness of surface, and 
ornament. If the weft is thrown 
on the twill surface more threes 
of weft to the inch can be put in ; 
warp predominates in the opposite 
case. When a smooth suriace is desired, the 
number of threads of the section thrown up 
must be further increased, so that the absence 
of the one, pulled down by the crossing 
or interweaving thread, may not be per- 
ceptible. With regard to ornament, the 
method of rearranging the lines of the twills 
obviously gives wide scope for artistic skill. 
Pig. 186 is a fair example of fancy twill. 

Combined Twills. 

When the student has 
grasped the simpler forms 
of twill, and made such 
practical experiments as 
are fully necessary for ac- 
quiring a clear under- 
standing of their working, 
he can proceed to the more 
difficult task of combining 
twills. Patterns cannot 
be combined at random ; 
some combinations which might seem to pro- 
mise well, so far as appearance goes, turn 
out to be impracticable. Of two patterns 
to be combined, the one may have more 
warp or weft appearing on the surface than 
the other. If the two opposites balance, well 
and good ; but if the differences are irreconcil- 
able, the combination l)elongs to the category 
of the impossible. For example, wo may com- 
bine two five-end patterns, even though the one 
shows three weft threads up and the other shows 
three warp threads ; the combination would 
conceivably be artistic, harmonious, and service- 
able. But if the one shows only one thread of 
weft while the other shows three, the student had 
better leave the combination alone. The diffir 
eulty may be obviated, but the beginner only 
invites trouble very needlessly who ventures on 
that line without having first acquired experi- 
ence. One way, it may be said, of obviating the 
imgi^arity is to epmbme the patterns in stripe 
as the variations thus alternate 
'.fmall ap^, the difference is corrected 


before it has time to make itself felt in the 
structure of the cloth. The joining of ^ttems 
and the completing of patterns of different 
sizes are the two next difficulties. One rule in 
regard to the former may be laid down : Never 
combine so that more threads of one kind ap]Mar 
on the surface at the point of junction than 
appear elsewhere in the fabric. Respecting 
the latter point, it is necessary only to find 
the common measure of both' sets of ends. A 
three-end and a four-end combined would end 
in twelve ; a four-end and six -end would also 
end in twelve ; a five-end and a 
three-end, on the other hand, could 
not bo completed in less than' 
fifteen ends. 

Double Clothe. The study 
of double cloths is one of the most 
interesting that can engage the mind 
of the textile student. Having in 
view its importance and complexity, 
wo can undertake to give only the 
merest outline of an introduction 
to the subject. This variety of 
fabric divides itself, first, into two classes — the 
one that may properly be called double-faced 
cloths, and the other true dovble cloths. The 
first class is woven with either two wefts or 
two warps, and forms a unity throughout ; 
the second has two warps and two wefts, the 
two cloths being bound at certain intervals. 
Three motives have inspired the formation of 
double cloths. Probably, the first aim was to 
produce a cloth which 
would combine strength 
and fineness. To make a 
heavy, strong cloth with 
single warp and weft, we 
must resort to mere thick- 
ness of thread, and thick- 
ness of thread involves 
coarseness. By combining 
three threads on each other, 
we can employ a fine thread 
and obtain weight, thick- 
ness, and strength. The second aim was to 
obtain a reversible cloth, so that as one face 
wore the other could be turned. The last motive 
was ornament. By an additional warp or weft, 
the weaver could embellish his cloth in a rich style 
not otherwise possible. 

Double - faced Cloths. Naturally, the 
double-faced cloth offers many alternatives. 
We may use either two warps and one weft, or 
two wefts and one warp. We may aim at 
producing a pattern on both sides, a pattern 
and backing, or use the backing to add to the 
complexity of the front pattern. But the 
question comes — how are we to work two wefts 
on one warp or two warps on one weft, uid 
maintain regularity of pattern ? Let us take, for 
example, a design for two wefts and one warp 
[182], The first object which should be kept 
in view is the arrangement of the yams so that 
each shall perform its own function without 
interfering with the others. Our best plan is 
to design each side of the cloth indep9lii^dy« 
and then learn how the patterns will oopiUn^* 
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This time the combination is different from any* 
thing wo have yet attempted. Several methods 
may be adopt^, but the easiest is to adopt 
the broken twill, or satin weave [188], which 
enables the weft to cover up the warp, or the 
warp to cover up the weft, whichever 
we please. The principle is very simple, 
and easily understood. If we have to 
cover up the warp* with weft on one side, 
it should be no difficult task to cover up 
the intersection of the weft from the 
other side with the warp at the same time. 

A double rule comes here into play. On 
the one hand the point of intersection of 
the back weft and the warp must be 
floated over by the face weft; on the 
other hand the same warp thread must not be 
intersected by succeeding picks, cither in front 
or back. 

True Double Cloths. At lirst glance we 
might be led into the notitm that 
the weaving of two cloths at once 
involved no more designing than 
the weaving of two cloths sepa- 
rately ; but the whole value of this 
most useful class of cloths would be 
missed were we to run away with 
that idea. To begin with, we design 
separately the two cloths to bt^ 
combinea. Having done so, our 
next .duty is to find out at what 
points the tw'o cloths can be com- 
bined. Before we can find out the 
lat.ter point, wo have a good many 
questions to answer. There are, rotighly speak- 
ing, four classes of douV.)U' <‘l<)ths ; first, those 
in which the t wo cloths are similar in pattern 
and equal in quality; secondly, two cloths 
different in pattern, 
but of the same quality ; 
thirdly, cloths of 
different quality and the 
same pattern ; fourthly, 
those in which the 
fabrics differ both in 
quality and pattern. 

Having in mind the 
fact that a differences 
in pattern may alter 
the relative quantities of 
warp and weft required, 
we can see that the 
problems before us arc 
by no means simple. 

Equal Quality 
and Same Pattern. 

Wien designing these 
two patterns, we are 
simply making one 
pattern double the size 
of the one we intend 
to weave on each cloth. 

SuppoM it is a four-end 
twm,; the two patterns 
put together make an eight-end twill. What, 
tMt. 9 »U 8 t be done T The weaving of the 
IpPQ^ is to be so arranged that when the weft 
lithe tijiper cloth is interweaving the whole 


warp of the lower cloth must be kept down 
out of the way. Similarly, wlien the weft of 
the lower cloth crosses, the upper warp is held 
up to allow the shuttle free passage. But when 
the binding point occurs, some modification must 
be made. That is to say, the warp of the 
one cloth and the weft of the other must 
be brought into contact. This is simple. 
Wo select the point at which the warp 
of the upper cloth and the weft of the 
lower cloth come into close contact in 
a loose condition, and combine them by 
interweaving at that moment. In prac- 
tical work, these points are readily defined. 

Equal Quality but Different 
Pattern. One of the most common 
forms of this double cloth is the combined twill 
and plain cloth, t he one on on(^ side and the other 
tm the other. We do not undc?rtake to guarantee 
a good cloth or a cloth of regular structure from 
the combination. A twill and a plain 
cloth take up different proportions 
of warp and weft. Because the 
warp of the plain cloth is more 
frequently interwoven than in the 
twill, and because the weft in the 
twill can be laid more closely to- 
gether than in the plain cloth, warp 
in the first case and weft in the 
second will bc^ more taken up. But 
we have to suppose the quantities 
equal. In ordinary case, the warps 
are given out from separate beams ; 
the warp of the plain cloth is 
drawn tight, the weft of the twill is laid on 
loosely. By this method, and frequent binding, 
the inequality is overcome, and a good double 
cloth is produced. We can hardly ^vise a be- 
ginner to attempt this 
form of cloth unless for 
some very special object 
and with a certain know- 
ledge of how it is going 
to work out. 

Same Pattern but 
Different Quality, 
Practical men some- 
times make light of the 
problems raised by this 
form of double cloth. 
l.iong practice on cloths 
in constant demand has 
obscured the difficulties' 
to many workers. 
Following the practice 
determined by experi- 
ment, designers nave 
l)oen able to produce 
this class of double 
cloth by mere rule of 
thumb. We cheerfully 
admit that experienced 
designers can obtain re< 
suits as good from iuo 
methods acquired by long practice as can be 
got by the most highly educated textile worker 
alive. But the scientific method ought in some 
measure to abridge the term of experience needed 
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for acquiring the (2) the suita- 

knowledge. bility of the back 

Given two cloths cloth ; (3) the 

of the same pat- relation between 

teni, we may the thicknesses 

count on a rogu- and pattern of 

lar succession of the face and back 

identical inter- cloths; and 

weavings. This (4) the points of 

seems easy. But, binding, 

if wc consider In regard to 
the matter on the first point, 

hand carefully, we must insist 

we shall learn on the principle 

that there is tha4- the designer 

an indefinite should pay un- 
quantity in the divided attention 

the same ; but to the proper structure of the face cloth as if 
How much nothing else had to be considered. A well- 
conceived cloth, fully worked out in every detail, 
forms the best beginning possible for a double 
cloth. Secondly, the back 
cloth must be adjusted to 
the face ; in the greater 
number of cases it forms 
a mere backing. But the 
back, so-called, is some- 
times as important as the 
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problem. The patterns 

the qualities of the threads differ, 
does this mean ? It means that all our calcu- 
lations may be completely out of truth, if we 
have not taken account of 
the latter factor. As a 
rule, this kind of cloth is 
made up of a fine fabric 
on the face and a strong 
fabric on the back. The 
difference between the 

thicknesses of the threads 133. double faced cloth— 2 warps, I wept face. With the former class 
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is considerable. We arc 
required to proportion 
the number of threads in 
each to compensate for 
the difference in thick- 
ness. Sometimes the 

thicknesses of the threads do not admit of 
simple proportion. At least, unless we are on 
our guard, this will happen. The difference 
between the threads of the back cloth and the 
face cloth must be in such pro- 
portion that it can be made equal 
within the compass of the pat- 
tern. If necessary, we double, 
triple, or quadruple the size of a 
pattern, and it may be done in 
this case; but the patterns on 
both sides must end even within 
a given number of picks and ends. 

Different Patterns and 
Qualities. This class of 
cloth comprehends a wide 
variety, including men’s coat- 
ings, shawls, carpets, quilts, 
and many other varieties of 
figured and fancy fabrics. In 
its details, the subject is one 
of immense complexity. To 
notice even a single specimen of 
every variety would carry us 
far beyond the limits of a rudi- 
mentary course. The specimen 
pattern given [134J illustrates 
most of the difficulties. 

Fortunately, the principles involved are cap- 
able of being stuped within short compass. 
Attention should be specially directed to these 
four heads,: (1) The structure of the face cloth ; 

CorUintied 



136. FANCY TWILL CLOTH 


we have simply to select 
a plain or twill pattern 
which will lie eaW to . 
the face cloth. With the 
lather class wo have prac- 
tically two cloth faces to 
consider. But the principle of action does not 
alter. The two cloths must not contradict each 
other ; if twills, the twills must run on lines which 
fit into one another ; if coloured, the combination 
must always be so that the one 
docs not show through the other. 
The third point involves calcu- 
lations which relate to an ad- 
vanced stage of textile study. 
But one rule may here be given, 
easy to understand, and of great 
use. The thicknesses of threads 
vary on the ratio of the square 
roots of the counts of yarn. For 
example, in adjusting a 40’s to 
a OO’s yam, wc would not put 
in nine threads for every four, 
but two for evciy three. The 
fourth and last point causes the 
designer of double cloth serious 
anxiety. As wo have seen, the 
binding should be effected when 
warp and weft of face and back 
cloths conjoin, so that neither 
thread may bo deflected too 
severely from the normal course. 
If it 13 the weft of the back 
cloth which comes up to bind 
on the warp of the face cloth, the intersection 
must be at such a point that it will be covered 
by a floating thread on the surface of the 
upper cloth. 
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A BOUT the time when the Franks obtained 
^ the mastery of Gaul, the Ostrogoths accom- 
plished the conquest of Italy. The Ostrogoths 
came from the East, and, after invading and 
ravaging much or most of Eastern Europe 
under their celebrated leader Theodoric, they 
invaded Italy in 489, and conquered it after a 
war lasting five years. 

Theodoric of Italy. Theodoric proved to 
be a very capable ruler. He became sovereign 
of Italy, and reigned there for 33 years. Ho 
seems to have given to Italy a time of compara- 
tive tranquillity and prosperity very different 
from its condition in the days of Alaric and 
Attila. 

His life was, however, disfigured by many acts 
of cruelty. He maintained to a certain extent 
the ancient senatorial system of Rome, and 
endeavoured to maintain the institutions which 
had prevailed when Rome was the mistress of 
the world. The populations increased under 
his dominion, and plans were formed for the 
draining of marshes and the improvement of 
agriculture. It is told that he did not himself 
know how to read or write, but he had a great 
respect for literature and for learned men; he 
loved to have books read to him, and became 


a patron of Bcethius, the celebrated Roman 
philosopher and statesman, as well as of other 
eminent philosophers. His patronage proved 
unfortunate for Boethius, because it roused up 
against him a host of jealous enemies who 
prevailed upon Theodoric to believe that Btethius 
was devising plots against him. Theodori(' 
yielded to the pressure, and Bcethius was 
imprisoned, and finally put to death. It was 
during this imprisonment that the philosopher 
wrote his famous book “ Do . Consolationo 
Philosophise.” Theodoric died in 525 a.u. 

Italy Divided into States. 8oon after 
his death the Ostrogoths were disturbed in 
their possession of Italy by German rulers, 
and, later still, by Spain and France. Thus 
the Italian peninsula became broken up into 
separate sovereignties under various forms 
of rule, while still proclaiming a common 
nationality. Italy was made up of several 
states, the populations of some of which were 
drawn to a large extent from a foreign and 
invading ancestry. The states of the Church 
succeeded to the realm and home of the Roman 
kings, the Empire of the Caesars. )^en the 
decaying Roman Empire removed its feeble 
remains to Constantinople, the Papal Power 
planted its throne in Rome, and has held at 
Wit ecclesiastical power ‘ there ever siime. 
The regions of Lombardy, the basin of Po, 
iaoludS the Republics of Milan, Pavia, Venice, 


and Genoa. There w'ere also the Marquisate of 
Tuscany and such other states as the Princi- 
palities of Capua, the Duchy of Calabria, and 
the Sicilian island. Each of these states had 
a history of its own, in letters and art as well as 
in war, hut it was a history broken up by many 
rivalries, w^arlike struggles, conquests and re- 
conquests. Some of the great and rising foreign 
empires and kingdoms made attempts to occupy 
this or that part of Italy, and throughout the 
whole of the Midtile Ages the peninsula had a 
very unquiet time. The Papacy continued 
to be, through these succeeding generations, a 
great political state as well as a great ruling 
( Jhurch, and its influence was frequently appealed 
to by disputing sovereigns — foreign as well as 
Italian — in the hope of obtaining a decisive 
declaration from the Pope which might bring 
about a scittlement of the disputes 

The Story of Venice. Venice was one 
of the most famous historic cities of Italy, 
and *her story during many centuries is 
filled with a peculiar fascination. Venice 
w^as founded by populations flying from the 
fiercer invasions of Attila. The first Doge, or 
Duke of the Stale, was (Teated in fi97 a.d., 
and not long after Venice began U) show a 
capacity for governing herself as an independent 
state. In 007 she made herself independent of 
all the. other i)arts of Italy, and acquired pos- 
session of .some new' maritime cit-ies — Dalmatia 
and oth(‘rs. The commerce of Venice and her 
navy increased steadily, and the Republic estab- 
lished the Bank of Venice, which was for ages 
an important institution in the world’s mercantile 
transactions. The Republic also instituted the 
picturesque ceremonial in celebration each year 
of its wedding wdth the Adriatic — a ceremonial 
made famous by the. poets, romancists, and 
painters of succeeding generations. The Vene- 
tians look an effective part in the Crusades, 
helping the movement with lighting men and 
.ships. 

Naples. Naples w'as another of the Italian 
states which made a deep imprint on Itolian 
records. It was, to begin with, the adopted ho^ 
of a Greek colony who settled there about 1,(W 
years before the Christian Era. Naples was origin- 
ally called Parthenoj)©, and the name carries us 
back into the far-off regions of classic mythology 
and poetry. Parthenope was one of the three 
sirens, the sea-nymphs, who had the ^wer of 
charming by their song all mortals who heard 
them. When Ulysses and his comrades came 
sailing by, the Homeric leader, warned against 
the sirens* fascinations, made his comrades fill 
their ears with wax so that they might ^oome 
deaf to the seductive strains. Parthenope, 
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who had fallen in love with the hero and wanderer, 
dung herself into the sea because of her dis- 
appointment and despair, and her ' body was 
cast up on the shore where the foundations of 
Naples were afterwards raised, and thus the city 
came to be called by her name. The name of 
the city was afterwards changed into Palaiopolis 
— “ the old city ” — and, later still, Ncapolis — 
** the new city ” — and from this wo get the 
name of Naples. 

The whole Neapolitan region was conquered 
by the Romans some 320 years b.c. It under- 
went invasion from Lombards, Franks, and 
Germans, and was conquered by the Normans, 
then occupying Sicily, in 1131 a.d., and made 
part of the kingdom of the two Si(*ilieH. The 
kingdom passed about a century after to the 
Gern^an Imperial House of Hohenstaufen, 
not by conquest, but by marriage, and after- 
wards went through many changes, to be 
noticed as we trace the progress of events in 
Europe. Genoa, too, passed through many 
political convulsions, in this resembling all, or 
nearly all, the other Italian states which had at 
one time made a constituent part of the great 
Roman Empire. 

The Evolution of Spain. Spain, 
also, went through many successive invasions 
and conquests from the dawn ot her history. 
The Phoenicians originally forraetl colonies 
on the Spanish peninsula, and more lately 
the Carthaginians, tempted by the riches of 
her mines, made descents theri' and founded a 
new Carthage. Hamilcar, the* famous Car- 
thaginian, and on his death his yet more famous 
son, Hannibal— who took eommandof the army 
there — found that to maintain possession of the 
place they must encounter the Romans. Hanni- 
bal therefore crossed the Alps and entered 
Italy. Then came the Punic Wars, and the 
long struggle between Hannibal and Rome, 
eneSng at length in the utter exhaustion rather 
than the actual defeat of Hannibal, and, later 
still, the subjugation of Spain by the Romans. 
With the fall of Rome, Spain came imder the 
power of the Visigoths, and afterwards the Arabs 
formed a settlement at Cordova. The Arabs 
were at that time a sourec* of incessant trouble 
to France as well as to Spain and Portugal. 
They were severely defeated at Tours in 732 a.d. 
by Charles Martel-— Martel meaning “ the ham- 
mer/* a name ho had well earned by his faculty 
for dealing hard blows against the invaders 
of the regions he defended. Charles Martel, 
the son of an official under the Merovingian 
kint^, hod distinguished himself as a soldier, 
and, more lately, as a commander in the Frankish 
army, had done splendid service in resisting 
the Moslem invasion ; he completed his w'ork 
by driving the Saracens out of Burgundy and 
Jjemguejioc. 

The^ Coming of the Moors. After the 
Arabs came -the wMooiik The Arabs still held 
their otm in parts ot e^pain and in Portugal, 
hut thjfe ^ristian population.^ belonging to these 
.tegfsm isera all pressing so severely against 
>am S^dUdmem that thw invited tWaki of 
tl^ iMir Afnca. The Moors wqre thep 


beginning to be a great fighting race, with a 
genius for seeking new settlements and becom- 
ing the possessors of territory. They came to 
France and Spain avow'edly in support of the 
Arabs, but they soon showed that their especial 
desire was to drive the Arabs out and let 
themselves in. They conquered the Arabs, but 
were defeated in several great battles by the 
Spanish rulers ; and Cordova, Toledo, Seville, 
and other cities, were recovered for Spain in 
1002. Then the Moors fell back on Southern 
Spain and set up the kingdom of Granada. 

Moorish Occupation of Granada. 
No part of Spanish history is more rich in 
poetry and romance than that comparatively 
short period which saw the Moorish occupation 
of Granada. Christian literature and art have 
devoted themselves to numberless illustrations 
of the Oriental splendour which characterised 
this period of Spain’s history ; and, indewl, there 
are so many glorilications of the Granada settle- 
ment by European, and especially Spanish, 
authors, that it might seem as if Europe — and more 
partictilarly Spain — felt grateful to the Moors for 
taking possession of so large a part of European 
soil and of a Christian kingdom. The famous 
fortress and palace, Alhambra, was founded by 
Mohammed I. of Granada about the year 
1250 A.D., and its ruins are preserved to this 
day and visited by admirers from every part 
of "the civilised world. The world also paid, 
although in a somewhat peciiliao' fashion, its 
tribute to the Alhambra glories, for there can 
hardly be a civilised (country which has not its 
own artistic palace, music-hall, or show-place 
bearing the name of Alhambra. 

The Moors were not able to maintain in per- 
petuity their occupation of Southern Spain. We 
may anticipate Spanish history a little, and note 
in this place the fact, that in 1469 Ferdinand II. 
of Aragon married Isabella of Castile, and that 
within ten years practically the whole of 
Christian Spain was formed into one monarchy. 
The next important event in the histo^ of Spam 
was the taking of Granada, after a siege which 
lasted for two years, by the Spaniards, when 
Ferdinand completed the triumph of his country 
by the final expulsion of the Moors. Thus we 
find Spain brought to her established position 
among the leading European states as one united 
sovereignty and one nationality. Now for the 
first time she takes her place as a recognised 
Christian state. Her history was yet to be full 
of thrilling events and instructive vicissitudes. 

Portugal. Portugal was known in classic 
days an Lusitania, and its present name was 
taken from Porto Callo, the city in modem times 
called Oporto, Portugal went through much the 
same changes as those which Spain experienced by 
the invasion of the Roman conquerors, and under- 
went similar changes when the fall of Rome left 
the country open to the Visigoths and afterwards 
to the Arabs— indeed, the whole history of 
Portugal in those earlier centuries is very much 
like that of Spain. It was after a great defeat 
, 0 f Arabs tnat the Portuguese le^er Alfonso 
K«ir^ues was proclaimed King of Portuga}; 
flihi was in tV twelfth centuty smd 



the prinoi^al city, which had beett rescued by 
him from its invaders, was chosen as the place 
of his coronation, and has since continued to be 
the capital of Portugal. The Portuguese took 
their part in the Crusades, and signalised them* 
solves in seamanship, maritime commerce, and 
exploring expeditions. Prince Henry, the famous 
navigator, was the son of John I., King of 
Portugal, and of an English mother, Philippa, 
daughter of “ old John of Gaunt, time-honoured 
Lancaster,"’ as Shakespeare calls him. 

Some Important Discoveries. Henry 
distinguished himself as a soldier and as a 
maritime leader in the war against the Moors, 
and devoted himself during the greater part of 
his life to the business of maritime exploration. 
His vessels reached parts of the world never before 
explored — at least, by European seamen. He had 
a genius for such discovery ; he founded schools for 
the teaching of navigation, and erected observa- 
tories in many ports. He sent exploring expedi- 
tions to the gold-mine regions of Guinea, and it 
was owing to his, enterprise that the Madeira 
Islands were discovered in 1418. Eor a long time 
Prince Henry, in his devotion to his main pur- 
pose, provided out of his own money the cost 
of these expeditions, but later, when the great 
value of his enterprises was more thoroughly 
understood, the state itself and voluntaiy private 
associations supplied the means to enable him 
to carry on his work more elTectually. One of 
his captains discovered three of the Azores 
Islands. 

Prince Henry died in 1460, and not long after 
his death the passage to the East Indies by the 
Cape of Good Hope was discovered by Vasco da 
Gama, and the Brazils were discovered soon after 
by Cabral. Thus, Portugal has won for herself 
a peculiar and distinguished place in the develop- 
ment of civilisation. It was the first European 
state to devote itself to the business of the 
exploring navigator with some higher object 
than that of merely discovering rich foreign 
territory on which to settle as a conqueror and 
rule an enslaved population. 

Germany. Germany was, from almost her 
earliest days, divided among several statos, 
although, so far as history can trace the 
growth of its people, they, though composed 
of several independent tribes, appear to have 
sprung from a common ancestry. They had 
to undergo the invasion of the Romans, and 
the Romans, in fact, conquered parts of the 
country, but were compelled to relinquish 
their conquests before the end of the third 
century. Later came the invasion of the Huns 
and other foreign tribes, and these occupied 
a great extent of the Germanic soil. Charle- 
magne subdued the Saxons, and became Emperor 
of the West. He received the Imperial crown 
from the Pbpe in 800, and proclaimed that 
Germany was united with his empire. When the 
dynasty of Charlemagne became extinct the 
Cfermaii populations began to choose sovereigns 
ftibm various fapsilies without regard to the 
pdXibiple of succession, In the reign of Conrad I.» 
tong of Ornhany, during the early part of the 
iC^tury the Gennan princes appear 
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to have constituted themselves an electoral body, 
with the right of choosing a sovereign. 

We have already seen that in many European 
states, even where the rule of a sovereign was an 
institution recognised by the country and sancti- 
fied by tradition, the succession according to the 
strict line of hereditary descent was not accepted 
as a self-acting condition, and that the nobles and 
members of the Royal Family often came to an 
agreement that some one of the reigning house- 
hold, not the eldest son,, should bo raised to the 
throne when a vacancy occurred. In the 
thirteenth century this principle of electoral 
choice had become so settled an institution that 
seven princes were allowed to assume the right 
of nominating the emperor who was to succeed 
to the throne. These princes were the King of 
Bohemia, the rulers of Brandenburg and Saxony, 
the Elector Palatine, and the Archbishops of 
Metz, Traves, and Cologne. Other electors were 
added, and the number was reduced or increased 
as changes t'Xvk place until the populations 
making up the empire became once again divided 
into separate realms with independent sovereigns. 

Founder of Germany’s Military 
System. It is told by M. Duruy in his history 
that the electoral principle began among German 
political customs at the very time when French 
Royalty was becoming hereditary, like the pos- 
.sassion of a fief. Under this system Conrad 
I. was elected ruler of Germany in 911 a.d. 
A great struggle set in between Conrad, who is 
described in history as the Frankonian Emperor, 
and some of the great feudatory states of the 
German regions. Conrad regarded Saxony as 
the rival of his own state. He underwent 
a defeat at the hands of Duke Henry, ruler 
of Saxony, and on his deathbed, in 918, 
recommended as his successor his former 
conqueror, on the ground that he was the man 
most capable of defending the Empire against 
the Hungarians. Duke Henry accordingly was 
elected Emperor, and to him may bo ascribed 
the original foundation of that German military 
system by which to this day every mah above 
sixteen years of age has to undergo training 
as a soldii^r, and has to be ready to serve when 
called upon. He was succeeded by his son 
Otho I. in 936. It is not necessary to follow 
the gradual changes which led to the division of 
Germany into several distinct empires and 
kingdoms. We shall tell of the part taken in 
history by these different states at later periods 
of our narrative. Germany became divided 
into Austria, Prussia, Bavaria, Wurtemberg, 
Saxony, Hanover and other states, each under 
the rule of an emperor, a king, or an electoral 
prince. ' 

Hungary. Hungary, which in classic days 
made part of the regions known as Pannonia 
and Dacia, was conquered by the Romans in 
the first century a.d. and held by them for 
about two centuries, after which it was 
conquered first by the Goths, then by the 
Huns, and later by the Lombards. Towards 
the close of the ninth century a Sythian 
race named Ungri occupied the country, and 
from them came the name of Hungary, A 
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tribe of Magyars, who came originally from the 
North of Europe, settled in the land, and the 
chief of the Magyars became the ancestor of a 
line of Hungarian monarohs. The Hungarians 
proved to be great invaders of foreign countries, 
and almost rivalled the Saracens in the extent 
and daring of their expeditions. For a long time 
Hungary acted as the chief defence of Christian 
Europe against the Turks, and later became a 
part of the political system of Germany. 

Union of Denmark and Norway. 

The three northern kingdoms of Denmark, 
Sweden and Norway were in early days known 
by the name of Scandinavia. The Scandinavians 
wore ever active in adventurous explorations, 
invasions, and conquests, and we have already 
recorded many illustrations of the spirit which 
animated them — more especially the Danes — 
and made them the terror of many neighbouring 
peoples and even of peoples far remote. In 
1397 A.D., under the reign of a famous northern 
princess, Margaret the Great, » ' lughter of the 
Danish sovereign, Waldemar III., the agree- 
ment known as the Union of Cal mar was made 
between the three northern kingdoms. The 
terms of this agreement were that the three 
kingdoms should 'form a permanent union, 
while each was to retain its own domestic 
constitution, its own laws and customs and 
its own legislative assembly. This union did 
not last for much longer than half a century, 
when Sweden withdrew from it and set up as an 
independent state with a sovereign of its own. 
Denmark and Norway still remained united, 
and their union was to endure for yet a long 
time to come. 

The Story of Russia. Russia was the 
latest of the great European states in emerging 
from the dusk of history into a position of 
recognised and settled nationality. The adven- 
turous Northmen, sailing in search of fertile 
regions and wealth, had made their way into 
Greenland and Labrador, and had descended 
upon what was afterwards known as American 
soil some centuries before the birth of Columbus. 
The Varangian tribes, under the leadership of 
their famous chief Rurik, made a settlement at 
Novgorod, of which region Rurik became the 
master. Rurik was, according to all the his- 
torical evidence, the first to establish a regular 
state and a settled government in that region. 
He. founded his rule at so comparatively recent 
a date as 862 a.d. The descendants of Rurik 

g overned the country, not without many 
ifficulties and struggles against invading 
races, down to the end of the sixteenth century. 
Among the invasions were those of Tartars and 
of Danes ; Moscow, which had been made the 


capital of the new state, was burnt down during 
one of these Tartar wars. 

In the fifteenth century Ivan III., a man of 
great capacity and power, both as military 
leader and despotic ruler, after defeating the 
Prince of Moscow and conquering the colonies 
of Novgorod, founded the Russian monarchy, 
which has endured down to modem times, and 
has a history as remarkable for events and for 
the peculiarities of its developing civilisation 
as that of any other of the great European 
states. The Russian Empire, as modern times 
have known it, had its beginning about the 
period which wo have already reached in 
England’s history. Poland, part of the ancient 
Sarmatia, had been an independent duchy 
since about 840, had then been formed into 
a kingdom, and was later destined to have its 
fortunes mingled with those of Russia. 

The Netherlands. The kingdom of 
Holland, making up the principal part of the 
Northern Netherlands, was inhabited by the 
Batavians in the time of Julius Caesar, and 
acquired the dignity of entering into a league 
with the great conqueror. The principal part 
of the territory of Holland was made up of 
soil actually reclaimed from the si^a and defended 
against the recurring ravages of the waves by a 
vast fortification of dykes. For some centuries 
it was ruled by counts, who held their position 
under the overruling sway of the sovereigns 
of different states at different times. 

The country which we now know as Belgium 
covers the southern portion of the Netherlands. 
It was occupied at the opening of its history 
by the tribe called the Belgaj, from whom it 
takes its name, and was conquered by Julius 
Caesar at the same time that he effected the 
conquest of the northern region, Holland. 
Belgium became part of Franco about the year 
843 A.P., and was governed by counts who 
were subject to the French monarchs. In 
1385, it came under the rule of Burgundy, 
then of Austria, and later of Spain. Up to the 
time which we have reached in this course it 
had not declared its independence. 

Greece. Greece had gone through many 
changes of fortune since she had sunk dowm 
to be a Roman province. She had been invaded 
by Alaric in 395 A.D., invaded and occupied by 
the Normans, and was soon to be invaded by 
the Turks, under whose subjection she was 
destined to remain until a much later period 
of the Avorld’s history. 

We have now followed the development of 
the European states down to the period we 
have reached in our account of the progress of 
England. 


Continued 



MARVELS OF SIGHT 

Group 24 

PHYSICS 

Optical Instruments, Principles of the Telescope, Microscope, Magic 

21 

Lantern, Cinematograph, and Camera. The Marvels of the Eye 

Continued from 
pHKeaOS 


By Dr. C. W. SALEEBY 


*^HE great advantage of Galileo’s telescope was 
^ — and is, for the user of opera glasses — that 
one obtains an erect image, though only two 
lenses are used. The parallel pencil of light 
coming thrpugh the object glass, which is con- 
vex, is received by the concave eyepiece before 
it reaches its focus, and since the focuses of 
the two glasses coincide, the rays emerge parallel. 
Galileo went rapidly on from strength to 
strength. In a few days he made third and 
fourth telescopes, the latter making the moon 
“ appear about twenty times nearer, and four 
hundred times larger than when seen by the un- 
aided eye.” He soon found that he had to fix 
his telescopic on a support, in order to obviate 
shaking. He ground his own lenses. 


How Galileo Read the Stars. It was 

with his fifth telescope, made in January, 1610, 
and showing objects more than thirty times 
nearer, that he not merely continued his study 
of the moon, but discovered four of the seven 
moons of Jupiter, several fixed stars, and the 
starry character of the Milky Way. He also 
made the discovery that, whereas the planets 
have discs, the stars are mere points. Ho found 
40 stars in the Pleiades (where photography has 
now shown tens of thousands), and 80 instead 
of seven in Orion. The broken object glass of this 
celebrated telescope, the most epoch-making 
scientific instrument in history, is now preserved 
in the Tribuna di Galileo, in Florence. In the 
first half of the year 1610, Galileo made more 
than a hundred telescopes, which he distributed 
amongst interested friends and princes. About 
the middle of that year he discovered the rings 
of Saturn, though ho did not understand their 
nature, and before long he added the remarkable 
discovery of the phases of Venus, besides the 
discovery of the spots upon the sun. Of the 
former discovery, he says ; “ Venus rivals the 
appearances of the moon ; for Venus being now 
arrived at that part of her orbit in which she 
is between the earth and the sun, and with only a 
part of her enlightened surface turned towards 
us, the telescope shows her in a crescent form, 
like the moon in a similar position.” 

An Invention and a Revolution. 
We have thought it worth while briefly to 
summarise the immediate results of the invention 
of the telescope, not merely because they illus- 
trate the diligence of Galileo, but because they 
show the extraordinary consequences which may 
ensue to science by the invention of a new 
instrument — ^in this case nothing more than a 
concave lens and a convex lens fixed opposite 
one another in a tube. The most amazing fact 
of all, perhaps, is that Galileo never got beyond 
a telescope magnifying a little more than a 


thousand times, yet his results sufiiced to revo- 
lutionise the most magnificent of the sciences, 
and to alter for all subsequent time man’s con- 
ception of the place of his home in the universe. 

As we have hinted, Galilean telescopes are now 
used only in opera glasses. The ordinary astro- 
nomical telescope depends for its understanding 
merely upon a knowledge of the properties of 
convex lenses ; the concave lens is not employed 
at all. In describing it, we cannot do better 
than quote part of the description given by 
Professor Tail : ” The object glass furnishes an 
inverted but real image of a distant body within 
our reach. Wo can therefore place the eyepiece 
(just like a simple microscope) so as to form a 
virtual magnified image of this real image, 
treated as an object. It is still, of course, 
inverted.” This inversion of the image, in the 
case of an instrument used for looking at the 
heavenly bodies, is, as a rule, of practically no 
consequence. The distance between the two 
lenses in the ordinary astronomical telescope is 
the sum of their focal lengths. In the Galilean 
telescope it is the difference of their focal lengths. 

Magnifying Power of a Telescope. 

The considerable advance in the use of the 
telescope, which this instrument represents, is 
largely due to another astronomer, Kepler, who 
became possessed of one of Galileo’s instruments, 
and then designed a telescope consisting of two 
convex lenses — the rays converged by the first 
of which are allowed, as we have seen, to epme 
to a focus before they reach the eyeglass. 

We cannot go at length into the manner in 
which the following statement is to be proved, 
but must simply state it. The magnifying 
pow'er of a telescope may bo estimated by the 
ratio of the focal length of the object glass t-o 
the focal length of the eyepiece. It is of 
interest to note the rough fashion in which 
the pioneer estimated the power of his tele- 
scopes. It ilhistrates the empirical fashion of 
arriving at a fact— that is to say, the experi- 
mental or a 'posteriori fashion [see Logic], aa 
contrasted with the d priori or deductive fashion 
in which the magnifying power of a telescope 
can now be estimated— in the manner stated- 
before it is put into use at all. Galileo’s method 
was as follows (quoted from Fahie) : 

“ Place,” he says, “ upon a wall, at a certain 
distance, two unequal discs, one of which you 
will observe with the telescope and the other with 
the naked eye. If the disc seen through the 
telescope appear equal to the other, the magni- 
fying power of the instrument is in the proportion 
of the two discs. If they do not appear equal, 
the ‘ other ’ disc must be enlarged or diminished 
until they do, and then the magnifying power 
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will be as before^ in the proportion of the 
discs.” 

We have already made the acquaintance of the 
simple miorosoope — ^which is indeed simple ; and, 
fortunately, our study of the astronomical 
telescope suffices for the understanding of the 
principle of the compound microscope which, in 
its simplest form, is one and the same instru- 
ment. Says Professor Tait ; ” the only differ- 
ence is that the object, being at hand, can be 
placed near to the object glass (still, however, 
beyond its principal focus), so that the real 
image formed is already considerably larger than 
the object, and is then still further magnified 
by the eyeglass.” 

The Defects of the Telescope. Of 

course the reader mil not imagine that the 
telescope and microscope as used to-day are such 
simple affairs as this, but hero, at any rate, we 
describe their principles. Such simple instru- 
ments have certain very decided defects, and in 
order to obviate these further complications are 
introduced. Let us see what these defects are. 

When we were discussing spherical mirrors we 
made the acquaintance of spherical aberration. 
We saw that incident rays, somewhat remote 
from the pole of the mirror, are not reflected so 
as to pass through the principal focus, but only 
so as to pass near it. Similarly also in lenses, 
the rays which strike them near the edge are not 
brought properly to the same focus as those 
which strike the lens near its centre. Hence 
the image will be blurred, and something has to 
be done in order to counteract this defect. Tn 
the case of mirrors we saw that the difficulty 
was got over by substituting for a mirror the 
section of which is an arc of a circle» a parabolic 
mirror, the section of which is that curve known 
as a parabola. Similarly, wo may alter the 
curvature of a lens, but more commonly we 
employ combinations of lenses which compen- 
sate for each other’s defects. Or, again, we 
may adopt, as is very often done, the simplest 
possible device, which is to use a circular screen 
or diaphragm that simply cuts off all the light 
falling near the edge of the lens, while permitting 
the Ught which falls upon its more central part 
to pass through. The use of a diaphragm for 
this purpose is of very special interest, since, as 
w’e shall afterwards see, every one of us employs 
this means in his own eye when looking at a 
near object. Spherical aberration, then, is one 
of the difficulties which the modern optical 
instrument has to remedy. 

The Case a Single Lens. But there 
is yet another difficulty, which is called chromatic 
aberration. Remember that the light which is 
commonly employed in the use of the telescope 
or miorosoope is mixed light, consisting of rays 
of a number of different wave lengths. The 
difficulty that arises has already been alluded to 
in a paragraph in a previous section, called the 
coirectioii of dispersion. As we have seen, 
Newton bonoluded from his experiments that 
the amount of dispersion^ is, for all substances, 
proportional to that qi ^e refraction, so that 
tp annul ^ dispersion by any system of prisms 
nroulil annul the refractibn. 


Let us now consider the case of a sihg^ lens* 
In any given lens the refractive index varies 
according to the colour or wave length of the 
light. Now the focal length of a lens entirely 
depends upon its refractive index, and hence, 
though we have talked of the focal length of a 
lens as if it were an invariable quantity, the 
actual fact is that it is a different qtuintity for 
every wave length of the light that falls upon it. 
One and the same lens has different focal lengths 
for each constituent of the mixed or white light 
that may fall upon it. The rays at the violet 
end of the spectrum are more refracted than 
those at the other end — in other words, they are 
brought to a focus first, while the red rays are 
brought to a focus last. Hence it is that at 
different distances one gets different rings of 
colour round the image of any object looked at. 
In any kind of delicate work this is a very 
serious defect, and this it is that we mean by 
chromatic aberration — a necessary defect of all 
single lenses. 

Newton believed that dispersion and refraction 
are proportional, and therefore that no combina- 
tion of lenses could ever remedy chromatic aberra- 
tion without also doing away with the refraction 
and making them useless. But the mistakes 
of a great man are far more profitable than the 
correct opinions of little men. The consequence 
for Newton was merely that he set to work and 
invented another kind of telescope altogether. 

Newton’s Telescope. We shall be treat- 
ing the subject in the proper chronological order 
if we consider this new kind of telescope before 
we go on to show how, after Newton’s death, 
there was discovered a means of obviating 
chromatic aberration in the manner which he 
had erroneously pronounced to be impossible, 

Newton knew that, whereas light of various 
colours is variously refracted, it is not variously 
reflected. If a mirror be used we do not there- 
fore have the difficulty of chromatic aberration 
which occurs in the case of a lens. (This is 
why we had occasion to discuss spherical aberra- 
tion under mirrors but not chromatic aberration.) 
When white light is reflected by a mirror it re- 
mains white, without any coloured rings. There- 
fore, Newton employed a curved mirror made of 
highly-burnished metal, and brought his light 
to a focus by it instead of by a lens. The 
difficulty arises, however, that if one is to make 
any observations in such a case, one would have 
to stand in one’s own light. Therefore, a plane 
mirror has to be used, and placed at right angles 
to the axis of the curved mirror, so Slat it re- 
flects at right angles the light which has already 
been reflected from the curved mirror. There 
is thus obtained an image, just as by the objec- 
tive of an ordinary telescope, and tnis image is 
looked at and magnified by an eyepiece, just 
as in the previous cose. 

The Newtonian telescope has been modified 
by many other people, notably by the" great 
astronomer Hersohell. The most famous of all 
reflecting telescopes is built on Herscheira plan 
and was made for Lord Rosse, the reflecting 
mirror, or speetdum, being 6 ft. ooroBS. It was 
with this famous reflector that Lord Rosse made 



the epoch-making discovery of the spiral iiebule?. 
Reflecting telescopes are, however, less used than 
refractors at the present time. The interesting 
points for the student to remember are the fact 
that chromatic aberration occurs with lenses 
but not with mirrors, Newton’s belief that no 
combination of lenses could correct chromatic 
aberration, and Newton’s consequent invention 
of the telescope which goes by his name. 

The reader will hardly need telling that the 
term “ Achromatism ” is derived from two 
Greek words meaning not and colour. Now, 
Newton notwithstanding, it is possible to correct 
dispersion, while still allowing some refraction 
to remain, by means of prisms made of different 
angles. For instance, the dispersion caused by 
a comparatively wide prism of glass may be 
corrected by a much narrower prism containing 
bisulphide of 'carbon, while the refraction is not 
entirely disposed of. Similarly, glass will correct 
the dispersion of water (the prism of the latter 
being the wider) though some refraction still 
remains. It has been supposed that Newton’s 
failure to get this result from practically the very 
same experiment was due to his use, in his water 
prisms, of lead, which increases the dispersion 
of water. 

Discovery of the Achromatic Lens. 

The famous name in the history of this subject 
is that of Dollond, who performed Newton’s 
experiment over again but obtained a different 
result. Though Dollond was born in Spital- 
fields, he was really the son of a Frenchman. 
He was (piite an elderly man before he turned 
to the subject of optics, but he soon gained great 
fame. He discoVered that, since Hint glass 
causes a greater dispersion, in proportion to its 
refractive power, than crown glass, achromatic 
or colourless magnified images can be obtained 
by using a combination of these two materials - 
a bi-concave lens of flint glass with a bi -convex 
lens of crown glass. Each of these had a very 
considerable aberration, but, by “ trial and error,” 
he was enabled to adjust them so that their 
aberrations were equal and, since their refrac- 
tions were opposite, the two ahf'rrations neu- 
tralised one another. 

The explanation of the achromatic lens of 
Dollond may be otherwise stated. Since flint glass 
has more dispersive power than crown glass, a 
weaker flint glass lens will cause as much dis- 
persion as a stronger crown glass lens. The twf> 
lenses neutralise one another on the score of 
dispersion, but the balance of strength on the 
part of the crown glass lens remains. Hence, 
the result is white light, which converges as if 
it had come from a single convex lens equal in 
strength to the actual convex lens of crown glass 
mtntia the actual concave lens of flint glass. 
Such achromatic systems of lenses are always, 
nowaday, employed in any but the cheapest 
ppticid instruments. 

Similarly, of course, we can obtain achro- 
maHq prisms. These ai;e m^e of flint and 
erpiFm fflass^ similarly combined. A narrow 
pHsm ox . flint, glass corrects the dispersion of 
prism of crown jglass, but» though 
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lessening its refraction, does not altogether 
dispose of it. Such a combination, therefore, 
is equivalent to a single prism, equal to the 
difference between* the two actual prisms, but 
produces an achromatic or colourless result. 
The accompanying diagram shows the achro- 
matic lens and the achromatic prism. 

The Magic Lantern. We must make 
a brief reference to a few other optical instruments 
before we pass to the study of the eye — the oldest 
and incomparably the most wonderful of them 


all. There is, for instance, the magic lantern^ 
which is of such value in a thousand ways, 
and which, as m) sliall see, has lately been adapted 
to a new purpose. Any reader may examine 
for himself a magic lantern. He will find that 
it essentially consists of two lenses, one of which 
is a relatteoly small convex lens placed in front 
of the slide so as to form a large inverted image 
of it, while the other lens, also convex, is placed 
Ix'twtHm the slide and the source of light in 
siufli a fashion that the light is made to converge 
somewhat and so illuminate the slide as brightly 
ns possible. After the rays of light have passed 
through the small convex lens at the front of the 
lantern, they arc allowed to fall upon a screen ; 
Ihe fulfil or away the screen, the greater the 
magnification. But, on the other hand the 
intensity of the illumination is varying all the 
time inversely as the square of tfio distance. 
This is the reason wliy one can never obtain 
too powerful light for this purpose. 

The Principle of the Cinematograph. 

It is a great pity that the name of this new in- 
vention is so commonly spelt with a ” c,” for the 
(heck letter is a ” k,” and the word is derived 
from kinema, movement. As everyone knows, 
this is simply a magic lantern in which a series of 
slides are rapidly passed through the instrument, 
these slides having been taken from photographs 
taken at a similar rate. The success of this 
instrument depends upon a property of the eye. 
It is know'n that the retina , or curtain at the back 
of the eye, retains the impressions formed upon 
it for about one-fortieth part of a second after 
the stimulus has ceased to act. Hence, if the 
cinematograph is worked rapidly enough, one 
is enabled to obtain a continuous impression. 
This instrument has been found of very great 
use in the study of various movements, such as 
the flight of birds and the action of horses, grey- 
hounds, etc. It has also been found of value 
for teaching purposes, and has been ^employed 
by surgeons, sometimes for the purpose of 
demonstrating methods to a class and sometimes 
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for the improvement of their own methods. 
An operation can bo performed and photo- 
graphed continuously. Subsequently the sur- 
geon can study the reproduction of the operation 
on a screen, and observe the points at which time 
could have been saved or other improvements 
made. 

Cameras. In the ordinary camera one em- 
ploys a lens or system of lenses which are, in 
effect, convex and which similarly form inverted 
images, as in the case of the magic lantern. 
Further, there is another kind of optical instru- 
ment, which is usually employed in a dark room, 
and which therefore goes by the Italian name for 
such a room — camera obscura. Here light is 
reflected from a mirror or a prism, through a 
right angle, this being placed in the roof of a 
room ; on its downward path the light passes 
through a converging lens, and is focussed on a 
white table or a table covered with white paper. 
If the mirror in the roof can be rotated upon a 
vertical axis, it will admit light from any part 
of the surrounding country or town. If the 
reader has not seen this toy in action, he should 
make a point of doing so when possible. Like 
the cinematograph, it gives, of course, a living 
picture, but it is the perfect living picture which 
our own eyes directly afford us, free from all 
jerks, vibrations, and other defects. 

Our Wonderful Eyes. Merely to call 
the eye the most wonderful of optical instru- 
ments is not to suggest in any adequate degree 
at all its importance. Of the various senses 
which we possess for the appreciation of forms 
of energy around us, none does more than 
merely acquaint us with a small fraction of 
the particular mode of energy with which 
it is concerned. All our senses put together 
merely succeed in giving us knowledge of 
small fragments of the possibilities. Thus, of 
that great ethereal keyboard which we have 
already described, the eye acquaints us with 
rather less than a mere octave. Yet the signifi- 
cance of this octave is absolutely immeasurable. 
It cannot be estimated by the effect upon the 
individual if he be blind to it, though that is 
serious enough. It can only bo suggesUKi by the 
attempt to conceive the history and the con- 
ditions of human life if the race were blind to this 
octave, as it is blind to the numberless octaves 
above and below it. Flspecially is it worth 
noting, as Lady Welby has pointed out, that 
man's knowledge of the stellar universe, his 
knowledge, indeed, of all objects outside his 
own planet, with the single exception of the sun 
(which we also know by the sense of heat) 
depends upon the eye. 

It is of the utmost interest, therefore, and 
of the utmost philosophical value, to have in 
our minds an outline, however brief, of the 
history of the eye. If we study the skin of 
the frog« for example, we find in it a certain 
number of cells which contain a dark pigment 
and have a very' pe. uliar character. These 
cells are stellate is to say, thev have 

which somewhat resembles the con- 
ireiitlohai* j^Msentation of a star. We further 
And that thsse remarkable cells are capable 


of responding, in a striking fashion, to light. 
But their significance, and their future in the 
history of evolution, are best to be described 
in the" language of the famous address delivered 
to the British Association, at Belfast, in 1874, by 
the president of that year. Prof. T 3 mdall, one 
of the most distinguished ph 3 rsioi 8 ts of last 
century. 

The Hiatory of the Eye. “The action 
of light, in the first instance (says Tyndall), 
appears to be a mere disturbance of the chemical 
processes in the animal organism, similar to 
that which occurs in the leaves of plants. By 
degrees, the action becomes localised in a few 
pigment cells, more sensitive to light than the 
surrounding tissue. The eye is here incipient. 
At first it is merely capable of revealing differences 
of light and shade produced by bodies close at 
band. Followed os the interception of the light 

is, in almost all cases, by the contact of the 
closely adjacent opaque body, sight in this 
condition becomes a kind of ‘ anticipatory 
touch.’ The adjustment continues ; a slight 
bulging out of the epidermis over the pigment 
granules supervenes. A lens is Incipient, and, 
through the operation of infinite adjustments, 
at length reaches the perfection that it displays 
in the hawk and eagle. So of the other senses ; 
they are special differentiations of a tissue which 
was originally vaguely sensitive all over.” 

As these words indicate, the eyes originally 
develop from the skin, the basis of all the 
senses “ being that simple tactual sense which 
the sago Democritus recognised 2,300 years 
ago, as their common progenitor.” One other 
note we may make, by way of reminding the 
student of biology of a fac^ with which ne is 
doubtless already acquainted. It is that, whereas 
in the animals called invertebrates — the back- 
boneless animals — the whole of the eye is de- 
veloped, in the history of the individual, from 
the skin, and thereafter is connected with the 
brain by means of the optic nerve, the eye 
of the vertebrates is distinguished in that its 
essential parts, though not the less important 
parts in the front of the eyeball, are developed 
in a direct outgrowth from the brain itself, 
this outgrowth travelling forwards to the ap- 
pointed s|X)t on the skin where a depression 
begins to form to meet it. 

The Parts of the Eye. If we consider 
the eye, as wo may in the first place, from the 
optical point of view, it bears a very striking 
resemblance to an ordinary photographic camera. 
The eyelid evidently corresponds to the cap of 
the camera. The lens or lenses of the camera 
are represented by the various lenses or refrac- 
tive media of the eye. Of these there are several, 
though one of them is commonly known as tKe 
lens. In front of this lens there is a hole, 
through which we look when we gaze at another 
^rson's eye, and since all is dark beyond, this 
hole looks black ; we call it the pupil The hole, 
or pupil, is bounded by a diaj^hragm, which is 
made of muscular tissue, has pigment^ cells on 

it, and is known as t^e iris. The contraction 
and relaxation of different parts of the iris 
determine the amount of light that is admit^ 
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through the pupil to the back of the eye. Further- 
more, when the pupil is made small, light is pre- 
vented from passing througli the outermost 
portion of the lens, and thus spherical aberration 
is prevented. Marked chromatic alx^rration, 
we may note, would occur if there were only one 
lens, but the several refractive media found in 
the eye are of different kinds, and are combined 
so as to form a more or less achromatic lens. 
We have already noted that one oljservor, after 
Newton but before Dollond, drew the proper 
conclusion from this fact. 

Lastly, the eye has a screen or sensitive plate 
which corresponds to the sensitive plate of the 
camera. This screen or curtain we call the 
retina. It is, perhaps, the most complicated 
nervous structure known, having, as the basis of 
its architecture, no less than ten distinct layers 
of cells of various shapes and functions, most of 
which are differentiated nervous cells. To the 
student of the microscopic appearances of the 
retina there is almost some humour in describing 
this incredibly complicated nervous apparatus 
as a screen or curtain, but, from the point of 
view of optics, that is all it is. 

•The Shape of the Eye. In general, the 
eye is approximately spherical, but there is a 
conspicuous exception to this statement. A 
section through the eye from front to back 
will show that the greater part of its contour 
is almost circular. This part is what we usually 
call the white of the eye, and from its hardness 
it is described by a Greek term indicating that 
property — the sclerotic. But, at the very 
front part of the eye, the sclerotic becomes 
(continuous with a part which is much more 
curved or “ bulgy,” and this part is also dis- 
tinguished by being transparent. It is of a 
somewhat homy appearance, and is therefore 
known as the cornea. Its outer boundary nicely 
coincides with the outer boundary of the iris, 
and when looking at another person’s eye it is 
through the transparent cornea that wo see 
the iris and the pupil. We may note that, in 
order to be transparent, it is necessary that 
the cornea shall contain no blood-vessels. The 
cornea is the first of the refractive media of the 
eye. We may note in passing that the cap or 
eyelid of the eye is not really opaque. It is 
semi-transparent, but it contains blood-vessels 
with red blood, and the consequence is, as we 
shall afterwards come to see, that when wc shut 
the eyes in anything like a bright light we are 
conscious of a red sensation — red being the only 
component of white light which is allowed to 
pass through the eyelid. 

The Chambers of the Eye. The eye, os 
a whole, might be called a dark chamber, but when 
we come to look at it more closely, we find that 
it consists of two chambers — an anterior and a 
posterior. The anterior chamber of the eye 
is the space which lies between the cornea and 
the lens. It is filled with a perfectly clear and 
transpareitt fluid which is known as the aqueous 
humour. As its name implies, this is a watery 
fluid, and its refractive index is very nearly 
the same as that of water. We must not leave our 
Willis here sc far as to discuss the extremely 


interesting fashion in which this fluid is pro- 
duced and drained away, nor the consequences 
of any interference with its circulation. 

The very much larger space which exists 
between the lens and the back of the eye, con- 
stituting practically the whole of the interior 
of the eyeball, is known as the posterior chamber. 
It is filled with a substance which is known as 
the vitreous humour, litt^rally, tht^ glassy humour. 
This is commonly described in the textbooks 
of physics as a fluid, but it is really composed 
of a very large number of thin, transparent, 
concentric nnunbrancs which are doubtless 
very moist but cannot properly be described 
as fluid. Tile structure is soft enough, however, 
to permit of the occasional passage of wandering 
white blood cells through it. Usually, however, 
we do not notice these cells, but if we have 
spent a foolish evening or are otherwise out of 
sorts, the eye is apt to become unduly sensitive 
and to take cognisance of theses little wanderers 
which it usually ignores. At such times, we 
miy that we have ” spots before our eyes,” 
and that is how these spots e(3me about. The 
vitreous humour has a refractive index which, 
like that of the aqueous humour, differs only 
very slightly from the refractive index of water. 
Jf the reader cannot, on the spot, deline refractive 
index, he may be counselled not to rest content 
with the well-sounding phrase, but to turn back 
and find out what it means. 

The Iris, Let us now pay a little more 
attention to the admirable diaphragm of the 
eye, which we call the iris — which has been 
imitated, by the way, in the making of the best 
diaphragms for various optical instruments 
such as the microscope, giving us what every 
one knows as the iris dia'phragm. The 
great function of the iris is to determine the 
size of the pupil. It consists of two distinct 
Het« of fibr(?.s. The greater part of its structure 
consists of circular fibres, and when these 
contract, the pupil becomes smaller. Outside 
them are arranged bundles ot radiating fibres, 
and when they contract- the pupil becomes 
larger. These two sets of fibres are controlled 
by two entirely distinct sets of nc^rves, and 
though the size of the pupil at any moment 
depends upon the balance between the action 
of the two sets, they are entirely independent 
of each other, and are quite differently affected 
by drugs and various other influences. The 
movements of the iris are, in general, reflex, 
and depend upon the brightness and the direction 
of the rays of light which enter the eye. These 
rays affect the retina at the back of the^ eye, 
and thus, by a nervous apparatus which will be 
familiar to the student of the course on 
Psychology, « are able to influence the iris. 
Light entering the eye causes the circular 
fibres of the iris to contract, and the pupil to 
become smaller. If the light diminishes, the 
pupil will become larger. The pjupil also 
contracts as a result of the stimulation of the 
circular fibres of the iris, when the eye is accommo- 
dated for near vision, a process which we shall 
afterwards explain. This prevents spherical 
aberration, as we have -seen, but incidentally 
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it of course reduces the amount of light entering which we call elasticity. The technical name for 
the eye. In normal vision this does not matter, the important structure in which the dens is 
but when the eye is long-sighted and is under- thus, so to speak, slung, is the suspensory 
going the change which we shall afterwards ligament. 

study, whereby specially vigorous accommodation The Retina. We have already described 

is needed, a consequence of the contraction of in sufficient detail for our present purpose all 
the pupil accompanying the accomodation is the parts of the eye except the essential part— 
that the patient has considerable difficulty in the retina itself. Its structure, as we have 
reading in a dim light. This is the first and already seen, is infinitely complicated, and we 
most characteristic symptom of the change in must return to it when we attempt to outline 
the eye that begins to occui usually about the the physical or physico-chemical theory of 
fiftieth year. vision. Meanwhile, however, we are concerned 

The Lens of the Eye. 'Phe lens of the merely with the optics of vision, and for our 
eye, or, t-o give it its full name, the crystalline present purpose it is necessary to know only 
lens^ is a transparent bi -convex structure, the two facts about the retina. 

convexity being somewhat greater on the The first is that there is a particular part of 
posterior surface. It is exactly what its name the retina which is known as the yellow spot 
suggests. When the student first sees a lens by or macula lutea. Its peculiar characteristic is 
iteelf, he is usually amazed — it has so entirely the that, in consequence of its microscopic structure, 
look of a thing manufactured by an artificer. It it is the most sensitive and discriminative part of 
is enclosed in a thin, tough capsule or covering, the letina (.‘onseqiiently, the optical problem 
but, in health, is not attached to it. The lens for all of the front part of the eye is to focus 
itself is not structureless, but consists of con- rays of light from external objects upon the 
centric layers of fibres, each of which is a modi- yellow spot. 

fied form of a cell from the outer skin — from The Blind Spot in the Eye. Further- 

which it 18 derived. The fibres have tiny little more, there is another pait of the retina which 
notches in their sides and fit into one another, is precisely opposite in its properties, being 
They contain a particular kind of proteid or known as the blind spot. Rays of light falling 
albuminous substance which, from its physical upon it are not seen at all. This is the point at 
properties, is called crystallin. Space fails for which the optic nerve enters the eye, and is 
a further discussion here of the lens, but no entirely destitute of any visual cells. The blind 
study of it can be too detailed, since the lens is spot lies at about one -tenth of an inch inside 
unfortunately liable to undergo various kinds of the yellow spot ; its existence can easily be 
changes which render it opaque, leading to the proved. Take a sheet of paper and draw upon 
disease known as cataract. it, side by side, but with about 3 in. botw€»en 

Before birth, the lens is almost spherical, and them, a cross (x) to the left and a dot (*) 
has a reddish tint, due to the presence of blood- the right ; close the left eye, and look straight 
vessels in its capsule. The normal adult lens at the cross with the right. At the same time 
is somewhat flatter and colourless. After about one is able to see the dot. But if the distance 
the fiftieth year the lens becomes somewhat between the paper and the eye be varied, a 
amber coloured, its softness, its elasticity, and point will be reached at which the dot absolutely 
its convexity all diminish. Each of these state- disappears — provided, of course, that one keeps 
ments is of the greatest practical importance. the eye steadily fixed upon the cross. At this 
Attachments of the Lens. Lastly, particular point the rays of light from the dot 
before considering the function and behaviour have been focussed upon the blind spot of the 
of the lens under different optical conditions, retina, where they signify nothing. This fact 
we must note that there is attached to the has been already referred to, and the experiment 
capsule of the lens a powerful fibrous structure illustrated in tiie course on Physiology [page 
which is in its turn attached to a muscle called 2403J. Practically, the existence of the blind spot 
the ciliary muscle^ in such a fashion that the does not matter at all, since it is with the yellow 
behaviour of the muscle can affect the pressure spot that we do all the vision which, so to speak, 
to which the lens is subjected, and thus modify we care about. The rest of the retina has its 
its degree of convexity. But, for this process own value, but the attention [see Psychology] is 
to occur, it is evident that the lens must possess, concerned merely with what falls on the yellow 
in a pel feet degree, that physical property spot. 

Continued 
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The Appliances and Processes of Extracting^ Stone and 
Minerals by Quarrying. Typical Quarries and their Operation 
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pOR quarrying in hard stone for some purposes 
* — tor instance, to furnish road metal, 
where the rock being broken up somewhat 
does not matter — a procedure similar to that 
already described [page 2850] is followed. But 
where the rock is valuable and has to be in 
good unshattered blocks, as in the ease of 
marble and building stone, a system of Iioling 
and wedging, or of plug and feather, or of saw ing 
is employed in preferenee to blasting. 

In some cases, where any rents or shattering 
would be undesirable, tins quarryman makes 
a number of small holes with a pick along a 
certain length of rock; into these he inserts 

steel wedges, and , 

after a succession of 
blows wuth sledges 
or heavy hammers 
the rock is split 
through by the 
wedges. Blocks for 
columns, obelisks, 
tombstones, etc., 
are best procured 
in this way. 

Mountsorrel 
Granite Quarry . 

This quarry fur- 
nishes an excellent 
example of the best 
practice in the pro- 
duction of material 
for road metal, 
paving setts and 
kerb stones. It is 
worked in a groat 
granite boss jutting 
up through the 
surrounding Trias- 
sic country seven 
miles.to the north- 
west of the town of 
Tjeioester. The site 
of the quarry is dis- 
cernible from a 
distance, the hills 
in the vicinity 
giving a special 
and marked char- 

aoter to the land- ^ 

scape ; but some of 44 ^ top lift, mouittsorrel quarry, leicesti 
these hills on closer ’ 

acquaintance prove to be artificial, or nothmg 
bett^ than spoil heaps. The quarry is of con- 
siderate size and is worked in three benches or 
dooFS^ the lowest called the sinking pit, with a 
bank or working face 100 ft. high ; the second 
’ called the^gttllet, with a 40 ft, bank, and the 
‘ ihM, the top IHt, with 90 ft. of bank. 


The gullet and top lift are connected by normal 
gauge railway, branch(»a from which are kept up to 
the working faces, for which purpose special gangs 
of platelayers are kept constantly employed. 

Pig. 44 is a view of the top lift, the bank, with 
some fallen rock, the full gauge rail and branches, 
the settmakci*s’ sh^s, and the supplementary 
narrow gauge rails are all shown. Tlie sinking pit, 
m whi<*h there are six working faces, is not con- 
nected to the gullet, hut is served by narrow 
gauge lines* converging to a landing commanded 
by a crane stationc'd at the gullet level. Trucks 
of ro<‘k are wheeled to the landing, and 
then the bodies with contents are lifted up 

and brought U> 

the distributing 
railway system. 

Winning the 
Stone. The win- 
ning of the hton. 
is done by drilling 
and blasting, hand 
drilling being used 
where machine dril- 
ling cannot be 
employed owing to 
inaccessibility. The 
hand drillers work 
in gangs of throe 
and drill about 7 ft 
a day ; whereas 
two men work a 
steam drill and do 
20 ft. a day. For 
the purposes of 
steam drilling, 
small portable ver- 
t le al boilers, 
mounted on 
carriages running 
on the broad gauge 
railway, working up 
to 80 lb. pressure, 
and accompanied 
by a tool truck and 
water tank, are 
• brought as near the 
working places as 
convenient. The 
holes are generally 

r nTTARuv LEICESTERSHIRE P«t down Vertically 
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top lift with steam drills ; the holes start about 
:U in. in diameter and diminish to 3 in. at and 
beyond a depth of 25 ft. The blasting is done 
gradually. A small charge with light tamping 
is first employed to enlarge the bottom of the 
hole, or to do some easing ; this is followed 
by a larger charge well tamped to the top of 
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45. QIJARKY HAMMERS 
A and B. Stinie haniniera 
C. Granite hammer or chopper 


the hole with granite 

dust ; by this means 

thousands ot tons may 
b'.? brought down at one 
blast. Blocks of all sizes 
and shapes are produced 
in this manner ; 
the larger blocks 

are reduced in size 
by means of drilling 
and blasting. They 
then fall into the 
hands of the 
blockers^ or men 
who prepare the 

fallen stuff for the 
settmakers andpro- 
They use crow-bars 


duce the rough for the mill, 
and various hammers, the burster and sjmller 
each weighing 28 lb., and the chopper weighing 
8 or 9 lb. It is interesting to watch the blockers 
at work and to observe how they know and 
utilise their knowledge of the grain of the stone, 
a character imperceptible to all but the initiated. 

Distribution of the Produce. The 

produce of the quarrying is distributed to 
the settmakere, to the mill for road metal, 
and the useless stuff to the spoil heap. For 
the last two purposes it is load(‘d into waggons 
on the normal gauge railway and taken away 
in trains by locomotives to its destination. 
The settmakers work in sheds on the floors of 
the quarry itself [44], and wheelbarrows suffice 
to carry the rough material to them. The 
loaders do this work. 

For shaping the setts, smaller bursters and 
choppers weighing about 4 lb. are used, and 
the finished setts are taken to the depot by a 
special narrow gauge railway. It is noteworthy 
that 30 tons of hammers are constantly 
in use, and all these are made on the spot. 
Various hammers are illustrated in 46. They 




47 . «(|&aG01DAL WIRE AT WORK IE A BEUIIAK MARBLE QUARRY 


46. SANDSTONE QUARRY 

arc mafic with bodies of best Swedish iron, 
bleed at the ends with steel. The iron does not 
break at the eye as steel is liable to do. Tlie 
hefts or handles are made by machinery. The 
road raetal mill will be noticed in its proper 
place in this course. 

It will be observed that engines, cranes, 
pumps, etc., have been introduced in these 
workings and in some quarries in the vicinity 
and elsewhere. Henderson’s overhead cable- 
ways are also in use for transporting the atone. 

Freestone Quarries. The Bath stone 
quarries furnish an example of one of the 
methods of removing stone without shattering 
it. These beds of freestone vary from 8 ft. to 
24 ft. in thickness, and occur in the Great 
Oolite [see Geology]. 
The first process in 
removing stone con- 
sists in cutting a 
horizontal groove 
with the pick to a 
depth of 5 ft and a 
length of 20 ft. to 
25 ft. ; then, by means 
of a saw, vertical outs 
are made from this 
groove ; a piece of 
stone is wedged out 
from the centre be- 
tween the first two 
vertical outs. The 
rest is then »\mv 
sawn into bio 
which, when set free, 
can be detached by 
wedges and lifted on 
by cranes and lpAi|ed 
into trucks or 

rou|ffily di^4d 8(1^ 
staged in f 


The saws m o ft. to 
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* 8 ft. long, and 10 in. to 12 in. wide, narrower ones 
being used at the groove to start with. The 
heaviest saw weighs 56 lb., and a man can saw 
15 sq. ft. in soft rock in an hour. The process 
is employed in many soft stone or freestone 
quarries. The top groove is not required when 
the beds are uncovered. 

Harder rocks require the groove to be cut by 
a machine, and usually a rock drill that can be 
moved along a bar is used for the purpose, and so 
a line of holes one beside the other is drilled, 
and the block of stone can be wedged away 
when set free by this cha.nnelling^ as it is called. 

Fig. 46 is a view in a sandstone quarry and 
^hows the regular mode of working and the 
pronounced jointing planes. 

The Helicoidal Wire. Tlie lielicoidal 
wire, consisting of an endless cord made of three 
hard wires twisted together, is also used for 
cutting the necessary grooves in some quarries. 

Fig. 48 is a view in Maillon slate quarry in tht^ 
Pyrenees, taken by Mr. G. J. Williams, H.M. 
Inspector of Mines, and shows the magnificent 
cuts made by this system of working. Toe cord 
is made to travel by machinery, and is fed con- 
tinuously with sand and water, the sharp particles 
of sand gradually cutting a groove. It is 
kept against the rock by means of guiding 
pulleys, which are mounted in pits previously 
sunk at the extremities of the proposed cut.. 
Fig. 47, also taken by Mr. Williams, shows the 
helicoidal wire at work cutting up a block of 
marble in .a Belgian quarry. The two upper, 
but only one of the lower guide pulleys arc 
visible. The lower ones are moved down as the 
cutting progresses. The water tank is also shown. 



48. MAILLON SLATK QUARUV 
ShowiiiK results of uslujc the heJieoidtil wire 


Special Blasts. Special blasts are some* 
times used in stone quarries. When a high 
cliff face is to be worked, the ordinary method 
of terrace working would make too much 
small, and the channelling method would not be 
applicable ; it is then customary to drive a 
tunnel some 50 or 00 ft. into the face of the 
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oliff, and at the end to excavate a chamber at supporting the plant; of the arrangemewt for'- 
right angles. This chamber is charged with a bringing the material ujp from the bed, of the 

ton or more of an explosive, into which ordinary river, lagoon, alluvial flat, sea-beach, or even 

fuses are inserted ; the tunnel is then built up, sea bottom ; of the vmahing apparaHue for 

starting with concrete, following on with loose separating the valuable from the worthless stuff, 

masoniy, brick walls, and earth stopping, so as and of the appliance for disposing of the waste or 

to provide a stemming or tamping to the charge ; tailings. Of course, engines and winches are 

then the charge is fired, and it is quite remark- necessary to work the plant and to manoeuvre the 

able to see a great mass from the front of the float. For bringing up the material, buckets, 

cliff break away and slide down quite steadily. grabs, or suction appliances are used ; for wash- 

Still more remarkable is the groat pile of rock ing the stuff, screens and tables or sluices with 

that is thus brought down, some of it in huge, riffles or such appliances are used. The whole 



/ermt'x.r/ 0 » </*] 50. DRGOQEB WITH SCREEN \lnsti(Hiion qf Mining anS Mttatlurgy. 


formidable blocks, which are subsequently of the stuff goes to the screens when they arc 

reduced to convenient sizes. The writer has installed, and what passes through is run in 

seen 25,000 tons of stone brought down by one a thin stream over special tables; and in 

shot in this manner. Fig. 49 illustrates a great any arrangement employed, the light stuff is 

fall of this description. The whole mass . of washed away in one direction, while the 

broken rock extending behind the party back to valuable matter passes off another way, and 

the cliff face has been brought down by a single is collected. The waste is taken away by means 

blast. of a conveyor, or otherwise, and is deposited at 

Subaqueous Deposits. ' The deposits ' the rear of the pontoon, so as not to interfere 
hitherto considered could be worked without with the undredged deposit, 

the employment of water beyond that required A bucket dredger is shown in 50 in elevation 
for domestic purposes and boilers. But during and plan. A is the pontoon, B, C, D are |e- 

a prospecting expedition it is quite ^ssible spectively the ladder frame, the tumbler fsame, 

that other kinds of useful mineral deposits and the sluice frame. £ is the ladder for 

may be encountered. The river bed, for instance, carrying the buckets. The ladder is hx>M ffoni 

mav have shown sigins of^^mineiral wealth. In F and is let down or pulled up firom B.i 

speh a oa|e, if the deposit; be imbedded in the screen, H the tables, 1 and J sluioes leadhm 

xpud at. bottom of the river, dredging, aa astern. K, L, M are the boiler, potnp, ana 
,tne smgbfoit engine, N are the winches for executing tbo 

dredger for mineral mihii^ manipulations bjr means Of fop^ 

purp^ ^ or to 

' / 


tfhe drc<% floats iti the water above the 
ground that is to be worked, and is caused to 
move sideways so as to pick up the whole width 
of the deposit, and, after completing a cut, is 
advanced sufficiently to make a new one. 
Sometimes, instead of dredging, Iho course of a 
river is diverted and the deposit left accessible in 
this way worked by streaming or otherwise. A 
river is generally diverted by means of dams, 
but 61 shows a means adopted for disposing 
of a river while exten8ivx‘ o()erations were con- 
ducted in its proper l)ed. 

Streaming and Ground Sluicing. 

River and other sands containing valuable 
material are frequently treated by working them 
with water and stirrirfg up well at the upper end 
of long inclined troughs, in which, moreover, 
a stream of water is kept flowing, the lighter 
particles of waste material are carried away, 
while the heavier particles of valuable material 
Fettle, and wood or stone riffies are fixed in the 
lx)ttom of the trough to aid the settlemvmt of these* 
particles. In the case of gold, mercury is put in 
as well, to retain the precious metal. Gems, also 
platinum and tin, are separated from the sands 
in which they occur by washing with water in 
the trough or some other of the simple appliances 
which will be referred to later on. Operations 
of this character arc known as alluvuil mishingsy 
bfoch washings^ or streaming, and they require 
a good and constant flow of water at a low 
head. 

Hydraulic Mining. When, howevtw, the 
sand or gravel deposits or placers occur below 
considerable loose overburden where shafts and 
galleries would be costly to make and maintain 
and dangerous to work in, the metliod of 
mining known as hydraulicing is adopted. 
In this method of mining jets of water of great 
force and size are projected from adjustable 
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nozzles [52] known as monitors against the bank of 
gravels and ov(Tbiirden, as a rule toward the 
lower portion, and the force {'f the water 
disintegrates, loosens and w'ashes away the 
matt^rial — not alone sand and gravel, but even 
boulders, if pri‘aent, b(^ing dislodged and carried 
away in the issuing stream. In this way a 
cavernous opening is cut out at the base of the 
bank and continues to increase in size until the 
unsupported overburden can no longer stand, 
and coiiK'H toppling down, bringing with it in its 
fall trees and ever}' thing else that rafiy have been 
on the surface. ^ 

The jets of water arc then directed on to, the 
fallen mass, which is soon reduced and carried 
away as a rushing stream of muddy water, 
sand, gravel, and stones. The quantity of gold 
present is generally exceedingly small ; in fact, as 
little as a few grains per ton or little over a mil- 
lionth of the whole mass has been successfully 
extinctcd by hydraulic mining. 

Saving the Gold. 
In this instance, too, the 
precious metal is saved 
by conducting the stream 
through inclined troughs 
fitted with impediment.s 
in the bottom, and mer- 
cury is added to retain 
the particles of gold as 
they sink down through 
the accompanying and 
relatively lighter 
material. The wooden 
troughs or sluices in these 
cases may extend for a 
few feet, or even 
hundreds and thousands 
of feet, usually com- 
mencing at a ditch cut 
through the ground. 
Boulders are lifted out 
of the way by an extem- 
porised crane or any 
other simple contrivance. 
Smaller blocks of stone 
or large pebbles arc dis- 
posed of bj giving the 
2969 
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sluice in course of its run a sudden drop and head 
ai the same spot changing its direction; a to b 
grizzUy or inclined grating of bars [53] set of h 
at any desirable distance apart is fixed in a ditch 
line with the first set of sluices, but stretcher troug 
across and over the new course. The stream supp 
with stones rushes violently over this grating ; face 
the stones, however, cannot pass 
, through, and are projected out 
of the way, while the stream 
of heavier material follows the 
new course. From time to time 
the flow of the stream in 
arrested, or it is diverted into a 
parallel lino of troughs, so as to 
be able to continue opera- 
tions while the material accu- 
mulated in the vacated course 
is taken out and the gold that 
has accumulated among the 
riffles duly secured. This is the 
clean wp, as it is called, and 
is also the final stage of the 
hydraulicing. Banks of any 
height may be worked by this 
method, provided water can be 63 . (jrjzzlby 

had under head enough to bo 


head of water. The water in such cases has 
to be brought to the mine with as little loss 
of head as possible, and it is conveyed in 
ditches, where they can be used, or in wooden 
troughs, which may rest on the ground or be 
supported on trestles, or suspended from the 
face of cliffs as emergency arises, while even 
. pipes are called into requisition 
sometimes when crossing valleys. 

Land Dredging. When both 
head and quantity of water fail, 
and the placer is also level, it 
may be worked by means of a 
dredger, by the ^tem known tfs 
land dredging^ For this purpose 
a sufficiently large basin is exca- 
vated into which water is admitted 
to form a pond, upon which the 
dredger is erected and set to 
work ; it will cut away the ground 
in front, which of course is re- 
placed by the water, while it 
banks up the waste behind, which 
in its turn pushes out the water. 
The |)ond thus advances with 
ZLBY the dredger, and a compara- 

livtily small quantity of water 


throvm against the bank to be effectual from suffices for the work. When the conditipns for 
a sufficient distance to keep the workers out any of these open-air methods fail, then a placer, 
of the way of the falling material. Two if rich enough, would be wH)rked by underground 


essentials for working 
on the hydraulic system 
are an ample supply of 
water at a high pressure 
at the head of the 
work, a sufficient fall, 
and a sufficient area of 
ground for the sluicing, 
which possibly also must 
be extensive enough for 
the disposal of millions 
and millions of units of 
useless matter at the 
tail end. When once 
installed this is one of 
the cheapest and most 
efficient methods of 
mining. 

Hydraulic Eleva- 
tora^^ In some cases a 
want of fall has been 
overcome by forcing the 
washings from the bank 
of gravel up to an 
elevated reservoir con- 
nected with troughs or 
sluices^ supported at the 
higher level on trestles. 

If an adequate sup- 
ply of water with the 
n^essary head can be 
foimd in the neighbour- 
hood, so much the better ; 
but only too frequently 



methods. 

Open » cast and 
Underground 
Work. Between open- 
cast or open-air work 
and underground work 
there is no special bar- 
rier, and, in fact, it is 
frequently found expe- 
dient to work the same 
deposit by both methods. 
Many examples of this 
occur both in our own 
and foreign countries ; 
among others, slate 
deposits in Wales are 
quarried both in the 
open air and under- 
ground. In fact, 54 is 
a view, taken by Mr. 
G. J. Williams, in an 
underground chamber in 
Gakeley Slate Quarry, 
Festiniog. Observe the 
fine cleavage surface of 
slate, the lifting tackle, 
and the tram rails 
coming round the level. 
Whenever it becomes ex- 
pedient, as, for instance, 
on account of the in- 


convenience or expense 

ho^, so much the better ; 54 oNDERcmpUND slate quarry, festinioo removing the over- 

but only too frequently burden, or when, as 

tw w not the case. For instance, in one the already remarked in another place, a deposit 
VHter inspected a sou r-e nine miles away had is required more rapidly than the overburden cwld 

to be .dra^ on to obtain both quaiitity and be removed, underground methods are adopted. 
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UTCIIATVM ‘ 

more to regret than mere waste of time. Let 
him, therefore, begin by consulting carefully 
some good map of the country lie proposes to 
explore. In other words, let him at the outset 
of this branch of study secure some sound 
knowledge of the history of the subject os a 
whole, so that he may not fall into the error of 
accepting fiction as mere “ reading for an idle 
hour.” To this end ho cannot do better than 
consult the latest edition of the standard 
histoiyby John Colin Dunlop (d. 184*2). The 
full title of this work, originally published in 
1814, is as follows : ” The History of Fiction : 
Being a Critical Account of the Most Celebratcid 
Prose Works of Fiction from the Earliest 
Greek Romances to the Novels of the Present 
Ago.” The title alone suggests the wide scope 
of the study dealt with. The work was recast 
by H. Wilson in 1888. For a short study 
of the subject we know of nothing better than 
David Masson’s brilliant lectures : “ British 

Novelists and their Styles : Being a Critical 
Sketch of the History of British l^rosc Fiction ” 
(1859). Another invaluable and more easily 
procured work is Professor Walter Raleigh’s 
“ The English Novel : Being a Short Sketch of 
Its IDstory from the Earliest Times to the 
Appearance of ‘ Waverley.’ ” B. Tuckorman’s 
“History of Prose Fiction” (1882), Sidney 
Lanier’s “ The English Novel and the Principles 
of its Development ” (1883), and W. J. Dawson’s 
“Makers of English Fiction” (1905) are also 
useful. The student who has mastered those 
books, or even the first, second, and last-named, 
■will be in a position to make that choice upon 
which tlie profitable study of particular periods 
or writers depends. But much that is of real 
service will bo found also in Jonathan Nield’s 
“ Guide to the Best Historical Novels and 
Tales ” (1904), Elizabeth’s Tx*e’s able translation 
of M. Jusserand’s “ The English Novel in the 
Time of Shakespeare ” (I901),Nassau W. Senior’s 
“ Essays on Fiction ” (1864), the Hon. A. S, G. 
Ckinning’s “History in Scott’s Novels” (1905), 
Walter Frewen Tjord’s “ The Mirror of the 
[Nineteenth] Century” (1906), and Sir Walter 
Scott’s “ Essay on Romance.” 

The Origin of the Novel. It does not 
fall within the scope of this short study of tlie 
beginnings of English fiction to trjice the origin 
of the novel back to the dawn of folk-lore and 
legend. There is no trait in human nature more 
universal than the love of story-telling and 
Btoiy-hearing. The first of novelists ware- un- 
doubtedly the professional story-tollers of the 
East. The old tales and legends and romances, 
from which the modem novel has sprung, 
passed from one generation to another by word 
of mouth. Tlieir history is akin to that of the 
Hindu Scriptures. One example may be quoted 
as evidence of the love of the story and of its 
utility; the interest awakened in the young 
by the storms and parables of the Bible. Modem 
research has diseover^^ novels in the brick 
libraries of Babylon aikl in the inscr^tions 
on Bgyptifin papyri. Professor Plinders Irotrie, 

« for in his “ Egyptian Tales/’ has this 

hotevrfdlii oomparison: “It will be noted 


how the growth of the novel Is shadowed 
out in the varied ground and treatment of the 
tales (dating from 4060 b.o. to 1000 B.c.). The 
earliest is purely a collection of marvels or 
fabulous incidents of the simplest kind. Then 
we advance to contrasts between town and 
country, between Egypt and foreign lands. 
Then personal adventure, and the interest in 
schemes and successes, becomes the staple 
material ; while only in the later periods does 
character come in as_ the groundwork. The 
same may be seen in English literature-first, 
the tales of wonders and strange lands, then 
the novel of adventure, and l^tly the novel 
of character.” 

Influence of Foreign Writers. In 

a European sense, as Emerson says, every 
novel is a debtor to Homer. Indebted to the 
“ Iliad ” and the “ Odyssey,” it is also beholden 
to Italian influence and eimmple. Though the 
point is as elusive of settlement as the origin 
of the English drama, the fact that the word 
*• novel ” is derived from an Italian root favours 
the theory of the dcaccnt of this branch of 
English literature from the intercourse between 
England and Italy in the fourtetmth century. 
One of the fathers of the novel is ce)rtainly 
Giovanni Boccaccio (b. 1.313; d. 1375), who 
was known to old Engli.sh -wTiters as John 
Bochas, and who was one of the first of the 
moderns to give to popular tales the graceful 
garb of pr()8(‘-fiction. But English commerce 
with Spain and Portugal in the sixteenth 
century is a factor in our literature that cannot 
be overlooked. So with Homer and Boccaccio 
we must place Mkutkl dk Crrv antes Saavedra 
(b. 1547 ; d. 1616) among the potential fathers 
of English fiction. Nor must we forget the 
influences of the Norman Trouvenrs, of the 
chivalric legends of Alexander, <3iarlemagne, 
and King Arthur, and of the satirical fiction of 
FRANgois Rabelais (b. 1483 ; d. 1553). 

These points are admirably and lucidly dealt 
with by Prof lessor Masson, who not es as of especial 
significance the dates of the following trans- 
lations into English (we have already drawn 
attention to the wealth of English translations 
in our study of English Prose) ; Part of Boccaccio 
in 1566, followed by Cintio’s Hundred Tales” ; 
the “Golden Ass” of Apuleius, in 1571; the 
“yFthiopica” of Hcliodorus, in 1587 ; Mendoza’s 
“ Lazarillo de Tormes,” by David Rowland, in 
1586; the “Diana” of Montemayor, in 1598; 
“ Don Quixote,” first in 1620 ; and Rabelais, by 
Urquhart, in 1653. The deduction is that the 
novel of adventure and gallantry, the pastoral 
romance, and the picaresque novel (or novel 
of roguery, of Spanish origin), may have been 
naturalised in Britain by the beginning of the 
seventeenth century. 

The First Original Novel in English. 

Meanwhile, England had produced a form of 
prose fiction which was in^enous. The out- 
standing examples wore the Latin allegoriea 
of More (“ Utopia,” 1516), Barclay (“ Argeuis/* 
1621), and Bacon (“ New Atlantis/’ 1627). 
In 1579^80 appeared “ Euphues,” the tot 
original prose novel written in S^lhih. The 
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author of this work was Johi^ Lyly (b. 1553 ; 
d. 1606), of whom as a dramatist we heard on 
page 679. The story is quite uninteresting to 
the modern reader ; but the style in which it 
was written suggestod anew word, “euphuism,” 
and promoted a form of popular “ polite ” 
dialogue the influence of which is traceable 
in Shakespeare (c/. Adriano da Armado in 
“ Love’s Labour’s Lost,” and Malvolio in 
“Twelfth Night”); Bon Jonson (Puntarvolo 
in “Every Man out of His Humour”), and 
Sir Walter Scott (Sir Piercy Shafton, in 
“The Monastery”). Lyly has been unduly 
despisM and much misrepresented. ITis im- 
portance as one of the first writers of witty 
prose dialogue in English is the chief fact in 
regard to him that the student has to bear in 
mind. 

Elizabethan Prose Fiction. Next to 
Lyly’s “ Euphuos ” the posthumous “ Arcadia ” 
(1690) of Sir Philip Sfdmey (b. 1554 ; d. 
1586) claims attention. Indebted as Sidney 
was to foreign influence, and particularly to 
the Italian Sannazaro and the Portuguese 
Montemayor, both disciples of Boccaccio, his 
astoral romance enshrines true j)assion and 
as a ring of chivalrous sincerity that is 
absent from “ Eujflnics.” Sidiujy borrowed, 
but gave also. French and English writers 
felt his influence. Shakespeare is one of his 
debtors, and Professor Raleigh points out 
that Richardson is “ the direct inheritor ”, 
of the analytic and sentimental method 
in romance which Sidney developed. The 
“ Arcadia,” as Professor Raleigh observes, 
“ is in some sort a half-way house between the 
older romances of chivalry and tlu* long-winded 
‘ heroic ’ romances of the seventeenth century. 
Action and adventure are already giving way 
to the description of sentiment, or are remain- 
ing niejrcly as a frame on which tlie diverse- 
coloured flowers of sentiment may be broidered ” 
The student will find a great deal to interest 
him in the writings of Robert Greene (b. 
1560? d. 1592); Thomas Lodge (b. 1558? d. 
1625), whoso “ Rosalyndo ” (1590) inspired 

“ As You Like It ” ; and I’homas Nash (b. 1567 ; 
d. 1601), whose “ Unfortunate Traveller” 
(1594) is cited as the eiirlicst exami^le of a 
picaresque roman(;e in English literature, and 
who is the immediate forerunner of Defoe. 

Allegory, Romance and Realism. Of 
course Chaucer, a con tern j)orary of Boccaccio, 
was really one of the first of English story- 
tellers. The “ Canterbury Tales ” are full of 
wit, humour, knowledge of life, and generous 
tolerance ; but Chaucer, like the later writers 
to whom we have been referring, wrote primarily 
for the C/Ourt and tlic Universities. “ The 
Pilgrim’s Progress/’ written by John Bunyan 


(b. 1628 ; d. 1688), in Bedford gaol, and pub- 
lished in 1678, was addressed to the simple 
understanding of the ” common people.” It 
is the first great popular allegorical narrative 
in the language, and its history provides a 
permanent moral for all writers who seek to 
influence their fellows by the use of the pen. 
Twenty years after the api)earance of “ The 
Pilgrim’s Progress,” two works by Mrs. Aphra 
Behn (b. 1640; d. 1689), ” Oroonoko ” and 
“ The Fair Jilt,” were published posthumously. 
With these works the novel of contemporary 
life may be said to have begun. “ The Fair 
Jilt ” is of little importance ; “ Oroonoko ” 
anticipated Rousseau. But heroic and pseiido- 
cliivalric romance had lost its savour. A 
reaction now set in towards realism. Mrs. 
Manley (b. 1663 ; d. 1724) and Mrs. Haywood 
( b. 169.3 ? d. 1756) utilised the story as a 
v<‘hicle for current scandal. 

Prose Fiction of Defoe and Swift. 
Then came Daniel Deeoe (h. 1661 ; d. 1731), 
one of the great<\st realists in English letters. 
With him the art that comtcals thi^ author from 
the reader, and induces the latter to l)('licv(^ 
that what he is perusing is a transcript from 
unquestionabh^ first-hand evidence, attained a 
standard that has becui but seldom if ever 
excelled by later writers. ’Pho world-famous 
“ Lff(^ and Strange Surprising Adventures of 
Robinson (*rusoe, of V'ork, Atari ner ” (1719), 
is Defoe’s finest wc)i‘k ; but his ” Moll Flanders,” 
“Colonel Jack,” and “Roxana” fire still read 
as typical examples of the Newgate^ (’aleridar 
novel at its best. The realism of “ Robinson 
Crusoe ” finds a eoiint(‘rpart in “ Tlu^ IVavels 
into Several Remote Nations of World by 
Lemuel Gulliver” (I72fi~1727), of Jonathan 
Swift (b. 1667 ; d. 1747). In neither work, 
it will be observed, is any great. a])p(‘al made 
to the emotions. The student should also take 
special notice of the association of Defoe and 
Swift with the pamphlet, and tlu^ newspaper. 
It is an interiisting specuhition whether the 
newsjifiper, foster-parent of the. novel as it has 
proved, may not one day its(‘lf supersede the 
novel. ’Pile journalistic work (J Defoe and 
Swift has b(‘en already referred to ; but in 
passing to the tirst of the griMt English novelists 
another fact worth mention is tlui infiuene.e 
of such publications as the “ Tatler ” (1709- 
1711) and the “Spectator” (1711-1712) on 
the formation of a public tasO*. which it was 
the destiny of Richardson, Fielding, Sterne, 
Smollett, and Goldsmith to satisfy. Tlu^ rise 
of th(‘. novel as distinct from the romance and 
the allegory has pursued lines that are almost 
parallel with the progress of the W'oman’H 
movement. This })oint is mtsitioned as suggest- 
ing a promising line of study. 


CofUinued 
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By 

•yHE steam laundry is the result of the necessity 
* to wash and iron large quantities of linen 
well and quic kly . By mec hanioal power it has now 
become possible to deal with thousands of articles 
as easily, or more easily, than hundrcida are 
treated by hand washing and ironing, and this 
is accomplislied by means of modern appliances 
for washing, drying, and ironing in bulk without 
departing from a high standard of work. 

Steam laundry work has often been deprecated 
and the quality compared with that of hand 
laundries, but each method produces excellent 
results in intelligent hands, and neither can 
really claim advantage from the point of view 
of quality, while the steam or power laundry 
has decided superiority in speed. At the same 
time it must not be forgotten that even in a steam 
laundry many artick’^s must of necessity be 
treated entirely by hand, being too delicate 
in fabric or colour to warrant their being lost 
sight of even for a few minutes. 

Collection of Work. Work is collecited 
by districts termed journeys, and the work of 
each district is sorted and kept together through- 
out the various processes, so that the articles 
to be sent to a definite district are ready for 
despatch at the same time and one delivery will 
serve. This is important when the question of 
expense of cartage is considered. 

Before they arc washed a 
mark is put 
on each cus- 
tomer’s goods. 

This may be 
the number of 
the customer’s 
basket, or, in 
the case of 
goods coming 
in in batches, 
they are 
m a r k ed by 
running num- 
bers, which 
may be pre- 
ftxm by a 
letter to pre- 
vent the num- 
bers running 
too high. Or 
the letter may 
denote a dis- 
trict or shop 
from which 
linen is collected. The numbers are sewn on the 
«^^icles neatly, and shoii’d not be written in ink, 
1 ^, when ilie laundry is* changed, the ink-marks 
oamiiH be rtooved. Ink is scarcely an objection, 
oxioollars, cuffs, or shirts. Fine cambric 


handkerchiefs should not be marked at all except 
by a mark sewn on the edge and removable, or the 
articles may be washed in a net and ironed off 
together and taken direct to the packing-room. 

Sorting. Sorting is a very important 
process. The usual classification is described 
on page 2590, but in a lai’ge laundry the classes 
must, as a rule, be further subdivided. For 
instance, tablecloths are washed apart from 
nax>kins, shirts from collars, for the r<j>ason that 
the smaller articles become rolled up in the larger 
and fail to be t horoughly cleansed. 

The required times of delivery must be carefully 
watched when the goods enter the laundry, 
and those wanted early in the week or within a 
few hours must be treated first. Linen is collected 
on Monday and Tuesday from families, and de- 
livery is wanted from and after Wednesday 
evening. The early lots are sent first to the 
wash-house, followed by the district ” journeys,** 
between which may bo sandwiched any special 
lots wanted at short notice, and so on till the 
end of the week. When the last collection is 
washed, provision should bo taken to keep 
the machines employed on work collected to- 
wards the end of the week, of which delivery is 
wanted by about Tuesday. This keeps all the 
plant of a laxmdry fully occupied continuously 
during working hours, and is an important 
economy which would otherwise bo mis.s(;d. 

The sorters 
should bo 
made respon- 
sible for the 
same lots of 
linen each 
week, so as to 
become tho- 
rougbly ac- 
quainted with 
the peculiari- 
ties of each 
oustomer’s 
wishes and to 
gain a know- 
ledge of the 
linen and the^ 
marks, thereby 
becoming ex- 
pert in their 
work. If hotel 
work requir- 
ing daily col- 
lection, wash- 
ing, and despatch be undertaken, special sorters 
should be reserved and not put on the general 
work of the laundry. Hotel work, toor should 
be kept in a special department, and not mixed 
with the ordinary family washing. 


distinguishing 
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Washing. Tho usual type of machine is 
the rotary^ which consists of an outer and inner 
cage. The articles to be washed arc placed in 
the inner compartment, and this inner cage re- 
volves in alternate directions, causing the clothes 
to be thoroughly washed by ensuring that every 
surface is presented to the washing liquor. 
Washing, rinsing, bluing, and starching is 
done in these machines without removal or 
touching by 
hand [15]. 

In washing 
a load of 
sheets, for 
example, tho 
process is as 
follows : The 
s h e e i s a r e 
1 aken, shaken 
out and placiod 
one by oiui in 
tho machine 
t ill it is almost 
full of dry 
work. The 
door of the 
cage is then 

close d, Jiiid 

water is ad- 
mitted by a 
pip<' connected 
with the water 
supply. Tho machine is set in motion, and the 
supply of water is stopped when the maclime 
is half, or almost half, full. After running ten 
minutes this first water is run olT, and more clean 
water is run in until t he machine is one- third full. 

Steam is then turned on so as to raise the con- 
tents of the machine to boiling point in about 
eight or ten minutes. A good-sized machine is 
capable of dealing with 00 sheets at a lime, but 
tho machines may be larg(U’ or smalk'.r. About 
lb. of soda in dry powder is then added, 
while the machine is in motion — anything can be 
put into the ironing machine ivhcn the nuichine is 
revolving towards the attendant. Then a solution 
of soap containing about 1 to 1^ lb. of a good 
hard tallow soap is added. If a permanent 
lather be not produced by this quantity of soap, 
more is added to produce and maintain the lather, 
but a short time must be given to allows of its 
formation. The addition of too much soap is 
shown by the suds exuding from the machine 
to the floor of the wash-house. The correct 
quantity is added when tlie suds come to the 
lip of the machine, but do not come over. After 
the soap is added, the liquor should be brought 
to the boiling point as quickly as possible, and 
tho boiling maintained for about live minutes. 
After a further five minutes’ run in the hot liquor, 
the sluice may be opened and the liquor run 
away to the drains. 

When the machine is almost dry, stop it and 
run up with warm water, or with cold water and 
a little steam. This is tho first rinse, and the 
watcM? should be up to the level of the lip of tho 
machine. Abundance of water means a good 
colour imparted to the linen. Tho maehmo is 


allowed to revolve 10 minutes in this first rinse, 
which is then run away, and two subsequent cold 
and similar rinses are given, lasting five minutes 
each, to the latter of which a little blue solution 
is added till the requisite blue colour is obtained. 
From the water of the last rinse the clothes are 
removed into a trolley, after which they are 
“bydroed.” This operation will be d(*scribcd later. 

There are, of course, many varieties of washing 

m a c h i n c s . 
They may be 
of (‘it her wood 
o r brass, o r 
both. Ail 
metal washers 
e o s t; a b o u t 
three times as 
much as tlie 
wooden m a - 
c hint? s, and 
last at least 
three, or four 
times as long. 
About 15 to 20 
years may be 
taken as the 
life of an all- 
metal washing 
m a e. h i n e . 
VV o o d e n 
m a c h i n e s 
wash well, but 
tho repairs are apt to he troublesome. All 
projections within the cage likely to catch the 
linen should be avoided in purchasing a maohiiu^. 
The perforations should he Ix^velled so as to ofl’er 
a smooth surface. Woodi'ii knuckles or pro- 
jections on the wooden machines are of doubtful 
value, as tlu^y may roughen and tear the suvfac.e 
of the linen. The sluicu^ should be about 5 in. 
in diameter to allow the wat<*r to leave the. 
machine (juk‘kly wh.(‘ii done with. The doors 
should op('n neaily the whole width of the 
machine, and may he sliding or lifting. As the 
whole weiglit of the wet linen in the cage is 
borne on the hearings, the consi ruction (jf 
these is important ; they should he broad, 
well siip[>ort(‘d, and juovided with cups to 
])i*cvent the i*ntranee- of lubi'icating oil to the 
machines. 

Drying. Drying is usually termed hy- 
droing " in a steam laundry. A hydro extractor 
consists of an outiu' cover within which a (^age 
may be. made to spin. The clothc's to bo dried are 
plae(‘d within this cage, which is eaus(‘d to 
revolve by mean.s of a belt attachment, iho 
faster this cage revolves tlu; gr(‘ater the tend(;ncy 
of the clothes to fly out. '.rhc sides of tlu- cage 
prevent this, but the j)erf()rations m the sid(^ ot 
the cage allow the water, which is released by 
the pressiiro of tlu' clothes against tlic side, to 
escaiie. to the drain. The (^age revolves about 
1,000 times each minute, and by the time it has 
r(^volved 10 minut(*s at full speed the articles 
may be removed. Sheets arc then dry enough to 
iron without further diying in di*y-rooms. Table- 
linen is treated in the same way, but t he hydroing 
is continued at least five minutes longer, blurts 
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and similar articlos are thoroughly dried in 
drying- rooms after being hydroed f l7J. 

Sometimes articles are simply hung up in 
the laundry to dry. But this is, as a rule, slow 
and unsatisfactory because of dust. The simplest 
form of drying apparatus is a room into which 
hot air is forced from a heater by means of a 
fan, and the supply of which is regulaU^d by 
means of a valve. A temperature of al>out 
100® F. in a room in whicli the air is changcid 
every half-rainuto is aufJficient to dry a room- 
ful in about 20 minutes. The rooms are con- 
veniently built about 16 ft. by 12 ft. by S ft. 
It is not advisable to dry at a much higher 
temperature than 100° F. A good blanket 
drying -room can be arranged above the linen 
drying-room, so that the air which is used to 
dry the linen may be allowed to go into the upper 
room where the blankets or flannels are hung. 
This cooler air will dry blankets well. The hot- 
air entrance should be at the lop end of the 
drying-room and the exit at the lower end. The 
door should be made to shut tight. 

Ironing. Nearly all flat work, such as sheeis, 
may be ironed in calenders. These calenders 
are iron rollers covered with felt revolving in a 
hollow steel polished bed. The sheets are fed in 
evenly through a “ lip ” on one side, and are 
dried and ironed l>etween the roller and bed, 
which are kept hot by means of si, earn. One- 
roller machines are the most common, but many 
others are made with two or more rollers. For 
an ordinary family 
steam laundry the 

single-roller machine is 
the best fl6] ; but if the 
business grows, the ad- 
dition of a multiple- 
roller machine is a 
great advantage. The 
Former turns out 

starched table-linen to 
better advantage than 
the latter, but for un- 
starched flat work the 
latter is by far the 
bettor machine. It 

turns out the work 
more rapidly, and is 
more economical to 

dress with felt. riic 
multiple-roller machine 
is usually heated only 
in the bed, and the 
space between the rollers 
allows the moist vapours 
to escape rapidly. Any- 
thing between 10, (HX) 
and 15,000 articlos may 
be ironed in a multiple- 
roller machine in a work- 
ing day of 10 hours. 

Body linen and lace-trimmed articles are 
ironed on tatblca by ordinary flat-irons heated 
on a coke stove or by gas-irons, of which there 
are a nui^ber of good makes. 

, SkirU' collars are ironed on special ma- 
oiyujea ^re^ds the fronts and oufls, A t^ble 


slides backwards and forwards below avgas-heated 
polished roller, and the front of a shirt placed on 
the table may be ironed by simply holding it in 
position. Collars and cuffs are similarly treated. 
The body of a shirt may be ironed by hand or by 
means of a specially constructed machine. 

Many machines are on the market to save 
labour in all possible directions. Sometimes, 
however, labour is saved at the expense of more 
than the equivalent in gas and machinery, not 
to speak of depreciation in quality. It is a safe 
thing for a beginner in steam laundry work to 
put in only the essential machines at the 
beginning, and to add the others as he finds he 
can economically or advantageously use them. 

Driving Power. The driving power should 
be selected with care. The cost of driving depends 
on the cost of fuel and the amount of it con- 
sumed. The ordinary form of steam-engine 
will consume about 10 or 15 times as much fuel 
as the more modem forms of gas or oil engines. 
But nearly any engine-driver can drive a steam- 
engine, whereas a competent man is necessary 
to attend properly to an engine burning suction 
gas or oil. Those latter engines are now running 
at an expense of about one-tenth of a penny per 
brake horse-power per hour. Even a large 
steam-engine as used in an electric generating 
station will cost throe farthings [lei* brake horse- 
power per hour. The claims of the suction gas 
plant should bo careful^ considered before buy- 
ing any other form of power for running the 
machinery of a laun- 
dry. Electricity, even 
at the rate of on(» 
penny per unit, and a 
further discount for 
quantity consumed, can 
hardly compete with 
suction gas or oil. 

For instance, if a 
40 brake horse power 
suction gas or oil engine 
bo run for a normal 
week of 60 hours, tiio 
actual cost of fuel will 
be about 208. to 23fl. ; 
taking oil at 508. per 
ton, and anthracite at 
23 b. per ton. Burning 
towm gas, such an en- 
gine w'ould cost to run 
about 90s. per 60 hours, 
A good modern steam- 
engine would cost about 
£10, and a set of elec- 
tric motors about £7 
for the week. 

Steam. If a chim- 
ney shaft be not an 
objection, a good form 
of boiler is the two-flue 
Lancashire. Laundries use a lot of steam, so 
that the boiler should be of large size, A large 
boilw is mw)h more economical than a email 
one. As steam is an expensive item, ciure should 
be taken to choose Uie best form of coal*-to keep 
tke boiler inside free from scale, the tubes aujr) 



free from soot, the draught to the chimney under 
( ontrol, and the outf^ide of the boiler and main 
Bteam-pipes insulated. 

There is a large amount of water condensed 
from the calenders, and this should not be 
allowed to run to waste, but ought to be col- 
lected for use in the 
steam boiler, or for 
washing flannels if pre- 
ferred. 

If the laundry is 
specially built, let it bo 
on one floor if possible, 
so as to dispense, as 
far as possible, with the 
need of forewomen. 

There need be no par- 
titions. The oftico can 
be of glass, and should of 
course be near the door. 

Any flrst-clar.8 firm of 
laundry ensrineers will 
supply plane* of ma- 
chinery installation to 
suit any building. Ihit 
it is a great advantage 
if the laundryman is 
himself an (‘iigineer. 

Coat of Machine 
ery. It is often 
asked : what ■will it 
cost- to lay down plant 
to do work equal to a 
turnover of £50 per 
week, or £100 per week V 
Until the class of work 
to bo undertaken is 
known, an answer can- 
not bo given. Some 
laundrymen Ccan get one class of work and 
not another, and they must lay their plans 
accordingly. For family work amounting to 
a week at best Tx)ndoii prices, an outfit may 
cost £900, and the building £900 extra. If these 
prices cannot be obtaiiud, the cost of the outfit 
may be doubled to obtain the desired result, 
('heap inachineiy may bo bought and the 
expense reduced somewhat. But for a turnover 
of £50 per week at an outlay of £900 for the 
machinery and £900 for the buihling, and a few 
hundred pounds for working cajiital, a return of, 
say, £30() a year sliould bo ol^tained 
if th(^ proprietor is his manager. 

It is advisable, however, to spend more 
on the promises, so as to leave room 
for future extension. Of course, doubling 
the turnover in high-class work mate- 
rially increases the rate of profit, and a 
net result of 25 per cent, return on the 
capital invested should eventually be 
obtained when only high-class work is 
undertaken. 

Staff, A saving should not 
be attempted by employing cheap 
labour. The public is educated to demand 
good work, and will go where the work is 
good. Wages vary according to district, and 
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inquiry should first be made as to the rates 
before the laundry is started, also as to the 
supply. 

Bookkeeping. The books usually kept 
in a business are essential also in a laundi’y, 
and a roiigli balance-sheet, showing the income 
and the oxpendituro 
under the various head- 
ings, should be got out 
weekly. 

By this means, the 
amount of the various 
rnat-ei ials used and the 
amount spent in wages 
can be seen at a glance, 
and any leakage at 
once elieeked. Wages 
are the heavy item. 
It is usually about 
oiK^-half of the ex- 
p(‘nditiire, but the lower 
the wage percentage is, 
of eourstr, the better. 
A good family laundry 
can be run at. about 
40 ])er cent. The 
ainount of the out- 
standing debts can also 
be seen by having a 
ba]anee-sh(ad, and the 
])r'olonged credit so 
often asked by cus- 
tomers prevented to a 
large extent. 

Ulairns form a veiy 
important item in the 
1 rade aeeounts. Some 
ar(' justified — some are 
not. ft is often diffi- 
cult to distingiiish betwc-im them. Unjust 
claims arc* often mad(^ to obtain prolonged 
credit, and the payment of several pounds 
kept back pending tlie sottloment of the loss 
of a bandkt‘ivl)ief. It is hettc'i* not to let 
these aecumulate, but to settle at once when a 
decision is come to as to validity. 

Customers gtuierully ent(M’ their linen in 
hooks provided by tlie laundry, .xnd it pays the 
laundry to supply properly ruled books. If the 
numbers do not tally exactly with the number 
of articles entered in the book, then a counter- 
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entry should be made and checked by another 
BorkT, to ensure accurac^y of tlie count. Caxo 
in this saves a great deal of time. 

Lawndry concluded 
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THE VIOLONCELLO 

Compass of the Instrument. Tuning, Correct Attitude of the 
Player. Open Notes and Positions. Bowing. Exercises 


By ALGERNON ROSE 


*T'HE violoncello, or the 'cello, as it is commonly 
* called, has four strings. As the character 
of their tone depends not alone on the tension, 
length and substance, but thickness, the strings 
are of different gauges. The material in ancient 
lutes may liave been furnished from the intestines 
of cats, but the substance nowadays preferred is 
derived from young lambs, although goats, 
antelopes, and deer are laid under contribution. 
Increasing weight and depth of tone arc gained 
by the two lower ’cello strings being covert with 
cop^^er or silver wii'e. 

Comps^ss. The names of most of the parts 
of the violoncello arc similar to those of the violin 
[page 2121]. If the viola extends the comjmss 
of the violin a- fifth downwanls, the ’cello con- 
tinues that of the viola an octave further. The 
four strings are tuned in fifths, "fhat on the left 
of the player is A (fifth line, bass clef). The 
next is J) (third line), the third is (first line), 
and the lowosl is (" (second ledger line below staff). 
Thus, the pitch of the top string is an octave 
below that of an A tuning fork. 

Tune (he strings in succession from the A, 
each a fifth lower than its neighlxmr. Correct 
their pitch at first by the notes of a piano, or 
by a set of pitch pipes. When properly tuned, 
these four strings give the “ open ” sounds of 
the instrument. In music they are indicated 
by a zero above each note. 

Attitude of the Player. Hit on the 
fore part of a chair. Advance the left foot, 
which should be tinned outwards. Draw in the 
right foot. Rest the left edge of the instixiinent 
against the calf of the left leg. Ht<'ady the right 
edge by the calf of the right leg. (Irasp the ’cello 
firmly, so that the bow, when crossing the 
strings, may not touch tlu* left knee. The instru- 
ment should be held securely in tliis way, so that 


the left fingers may be free to stop the notes 
firmly, and the entire 1 land change its position 
without having to support a heavy w’eight. 

The Tail Peg. To ensure that the ’cello 
does not slip whilst being played upon, it is 
eustomaiy nowadays, especially with ladies who 
cannot hold the instrument in the way described, 
to use a steel or wooden stem, protruding 
7 in. or 8 in. from the Uiil-end. This dispenses 
with the pressure of the legs, and leaves the 
body of the ’cello free to vi brate. The stem shoukl 
be adjusted to such a height that the bow will not 
touch the left knee nor the right thigh W'hen the 
first or the fourth siring is soimdod. 

When in position, the scroll, or head of the 
’cello should slant over the left shoulder. Place 
the thumb on the centre of the bm-k of the 
neck of the instrument. Put the tip of the first 
finger on the first string on the fingerboard 
above and opposite to the thumb. Priws 
down the tips of the second, third, and 
fourth fingers. Round the joiiito well on the 
third string ; do not let thorn sink in. Tf 
the finger tips are not employed, the hand will 
not be proix'rly round(‘d. (.bntiniie this exercise 
by putting the first finger and others in sue- 
ct‘8sion on the second string, ’rransfer them in 
the same way to the third and fourth strings. 
Make each movement empliatically. 

Jfaving well resimxi the hair, take up the 
bow^ wdth the right hand by the nut, or screw 
end. Hold the stick between the thumb and 
second finger. Let the inside of the hair 
touch the first joint of the middle of the first 
finger. The third and fourth fingers are used to 
balance the bow, and the lirst finger to give the 
necessary pressure on the strings. All movements 
with the bow must be done with a graceful wrist. 
The motions of raising, lowering, and turning the 
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right wrist should b© carefully prai tised — any- 
thing stiff or inttoxiblo looks bud. Pains 
should be taken at first to keep tl^e bow 
uniformly about an inch above tlui bridge at 
right angles to the instrument. 

Exercise on Open Notes. Place the 
nut of the l)OW on the first string. Movc^ tht; hair 
parallel with the bridge. Count eight slowly till 
the bow arrives at the tip. Meanwhile, the nut 
.should not have been raised towards the finger- 
board nor permitted to slant downwards. Keep 
the right elbow free, and the upi^r part of 
the arm close to the body, but do not move 
the shoukley. Keturn in the same way with 
the “ up ” bow, without lifting the bow off the 
string. Make the hair bite ecpially the whole 
length. Bow the othta* thiee open notes clearly 
in the same way, using the whole length of the 
hair. A down-l)ow, it will be understood, is 
from left to right, the up- bow being from right 
to left. The former is denott^d in music thu.s, j — 
()!• A, and the latter by ' — or V. Wtien a change 
occurs from one string to another, it sliould be 
made cleanly by the motion of the wrist. Curve 
the latter outwards when playing on the first 
string, and inwaixls on the fourth string I Ex. 1|. 

C Major. Now essay tlu* scale of C major 
[Ex. 2]. Begin with the dowp -bow on the 0}M.*n not e 
of the fourth string. Depress the first finger of the 
left hand firmly. Del with an up-bow the note D, 
a whole tone above the C. Next, put down the 
third finger and stop E, another whole tone, 
playing with the down-bow'. 'J’he F being at 
the distance of only a half-tone, does not require 
the same stretch. For this, put down the fourth 


linger and use the up- bow. (*0 to the third 
string. With the wrist raised, play the open 
note G. The first finger will give the A above 
and the third finger the B. ( \ only a semifono 
higher, wall be stopped with the fourth. The 
motions of the bow', wrist, and fingers should 
be simultaneous. (Continuing on the seeoml 
string, play the open note D. Use the first 
fing(T for E. x\s f lic next not(‘ is Vmt lialf a tone 
away, put down th(^ second finger tyr F. Sto)) 
the (jf with tlui fourth. Without bn^ak, sound 
llu5 opcai note A of tlie first string. Make? the B 
above it with the first finger, the (/ with the 
second, and the I) above with the fourth. Wlien 
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passing from om^ siring to anoth(‘r, avoid un- 
necessary fingta* motions. If not rarefully 
cheeked, fussy movements develop into alYecta- 
tioiis. 

The First Position. Now go back w'ith 
the same lingcning. Do not eonfinually raise 
the bow for siicet'ssivo notes. Balance it firmly. 
Wdicn the strings are changed, the sound should 
continue, whether the bow' is at its tip, nut, or 
any other part. ThrougJiout this scale, the hand 
is situated in what is known as the fir.si pmtinn. 
Ex. 3 gives the fingering in one nctaveuf the rela- 
tive minor scale A. Uy this it w ill U’i seen that 
although the F and G are sharpened w'hen 
ascend ing. the same digits are used. 


FINGERING OF THE FOUR POSITIONS 

l«t Position ‘inU IWtiou 3ihI Posit Uli Position 



If nd'ereiiee is 
made to the course 
on Theory or the 
Violin, the. student 
will understand how 
the fingers wliicfi 
stop the noti‘S, when 
playing the major 
and their relative 
minor scales, must 
allow certain half- 
tones to alternate 
with the scries of 
whole tones. Tlio 
stretch of the finger 
at definite points in 
each scale, there- 
fore, is less than dur- 
ing the remainder 
of the progression. 
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FIFTH P OSITION 

*• ^ r . m.' 

Uftrtag 

Finger Stretching. iVbility to extend 
correctly the left-hand fingers is an essential in 
’cello playing. While the first and second fingers 
open freely from c^ach other, it will be found 
difficult at first, owing to the muscles and shape 
of the hand, to extend the third finger beyond 
the distance of a semitone from the second. 
To overcome this awkwardness, 'cello students 
Hometimes add to their strtdeh by placing corks 
between the second and third and third and fourth 
fingers. Try small corks at first, and avoid 
straining the fingers in any way. As the opening 
between the digits gradually widens, the span can 
bo still further increased by insiuling larger 
corks. 

Arpeggios. Take the major and minor 
scales already given, and delete certain of the 
notes. [See Ex. 4.] 

After practising the arpeggios over three 
strings, extend them over the four, as in Ex. 5. 

Wherever the second and third fingers arc used, 
or the third and fourth, give spoeaal attention to 
them. It is only by practice that the beginner 
can hope to make the weaker digits as serviceabU? 
as their stronger brethren. Efpiality of strength 
and indcfKUidence should be tlu* constant aim in 
view. 

Bowing. To add to the suppleness of the 
right wrist, practise each ('xercise, whether scales 
or arpeggios, by bowing every note first with a 
separate stroke. When ability to do this evenly 
Inis been accpiired, the same exercise can be 
varied by linking together two notes witli one 
bow. Then, with one bow, play three notes, 
three and two, tAvo and three, eight, notes, two 
with one bow' and the two following with two 
short hows, a group of four notes Avith one stroke, 
and the succeeding four with four short strokes. 
Further variation can be obtained by tying a 
succe.ssion of notes together smoothly with one 


than the pupil who ignores the study of theory 
and plays in a casual manner many published 
studies without perceiving their object. The 
object in view can never be attained Avithout a 
careful perception of the motive aimed at. 
Amatoura frequently fail to advance in ’cello 
playing as they should do because they will 
not take the instrument seriously. Those diffi- 
culties Avhich must be overcome if progress is to 
be made need first to be comprehended. This 
calls for mental as well as physical exertion. 

Steady Repetition. It is by thoughtful 
rather than by merely mechanical practice that 
the hands (!an be properly trained, so that 
they do ultimately what is required, a.s if auto- 
matically. It is of little use to practise strenu- 
ously several hours one day in a week and 
neglect oppoitunities for study every other day. 
Far better cone(*ntrat(5 the attention regularly 
on the instrument for half an liour every day, 
and draw up a system of profitable study. 

Positions. Having become familiar Avith 
the lingering of the fir-st position, the student 
should leave the open strings and procctid to the 
lingering of the {tf'cond, third, and fourth posi- 
tions. “ In each ])osition,” says Duport, “ the 
hand must preserve the same form as it took 
in the first, and the fingers must likcAvise main- 
tain their n^speetive distance, except their in- 
sensible and nec(*ssary approac'hnu'tit to each 
other in moving towards the bridge, owing to 
the stops becoming gradually closer.” The 
fingering of th<i noti's in the four positions is 
demonstrated in Ex. 7. 

Tho.st* studies which the student may have 
already devised for the first position can be 
used for the higher shifts if transposed [see 
Transpositiom]. These. <*xercises will suggest 
fresh studie.s. When the technical gymnastics of 
any instrument have been mastered, the playing 
of melodies and other piec(‘S Avill 1x5 found com- 
paratively simple. In shifting from one posi- 
tion to another, the thumb must follow the hand 
lightly, toucliing tlu^ neck. 

Tenor Clef. Hith(‘rto, in the four positions, 
the bass clef has been employed. If that system 



long stroke. ’^I’hen, make a similar number of 
notes staccato, either Avith oni; bow, or with ttie 
point and heel of the bow alternately. 

Staccato. Staccato bowing is done usually 
with an up-bow near the tip. It is (executed 
with a rigid arm. Each sound must be articu- 
lated by a special pressure AA’hilst the wrist 
remains supple { Ex. 6]. 

Such exercises should not bo done promiscu- 
ously, but systematically. Tlie middle, the 
whole length, an^l the c.^tromes of the bow should 
all be studied with the greatest care. 

The thoughtful student who compiles his own 
exercises, tnethodicany, so .as to strengthen and 
acceleratiftiis execution, will make more progress 


of notation is continued for the higher shifts, the 
number of ledger lincjs above the staff becomes 
confusing. When, therefore, the fifth position 
is reached, the tenor, or C clef (C on the fourth 
line) is used [Ex. 8]. 

Beyond the A (lirst space above first ledger 
line) for extreme passages, it is customaiy to 
employ the G, or treble clef [Ex. 9]. 

In certain old scores the treble clef was some- 
times written in ’cello parts an octave higher 
than the actual sounds, a system unnecessarily 
perplexing. 

Thumb Positions. To make use of the 
extensive compass of the violoncello, the thumb, 
instead of being kept at the back of the neck, is 
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Written Performed Written l\'rfoi*med 


brought round to the front of the fingerboard. 
During the last note, before employing the thumb, 
its place is changed from behind the neck. It is 
held above the string at a tone’s inU^rval from 
the first finger. It then slides into its place 
horizontally upon the strings, and parallel to the 
bridge, so that two strings are touched at once, 
'llie middle of the thumb nail is over the lower 
string, and the first joint of the thumb over the 
higher string. Rest the left arm lightly on the 
side of the ’cello. Having thus made a position 
bairee [see Gititar], stop the notes above with 
the first, second, thiid, and fourth fingers. The 
sign denoting the use of the thumb is printed 
thus When “ same position ” occui*s after 
this sign, it means that tlie thumb nuist remain 
in the same place. 

Orchestral Playing. If the student, pre- 
sumably, is qualifying himself to take part in 
an orchestra, the 
thumb positions, Ex. 11. 
the playing of 
harmonics, and 
those subtleties 
of cxptx*^ion in 
bowing cultivated by the soloist need not occupy 
the atUmtion of the learner so much as the two 
lowest octaves of his instrument. Those have the 
richest tone and most telling qualities, whereas 
in orchestral work the two highest octaves of 
the ’cello are seldom wanted. 


Solo Playing, Although the solo ’cellist 
who is really great is jarc compared with the 
violinist, the ambitious student will not rest 
contented until luj has familiarised liimself with 
exceptional fingerings and bowings. 

The Shakes. The shake, chain shakes, and 
passing shako must all be done with an even 
finger-motion, and practised till the movementB 
are extremely raj)id, although the bow'ing is done 
slowly [Ex. 10]. 

For the “s[>ringing bow,” the lower middle 
part is usually employed. The arm and wrist 
must be free fiml lisscmi. (aive fi little extra 
vehemence to the first note of a group [Ex, 11]. 

The Vocal Quality. Neverlhele.s3, it is 
xvcll to renu>mber that the gn^atest < harm of the 
’cello, wlien >vt‘ll played, consists in its power of 
gliding from one note to another, and of it*» 

SPRINGING BOW 


]XH‘uliar vocal quality when dwelling on a note, 
closely imitative of the human voice. This 
syinpatbctio (‘ffect is heanl to the best advan- 
tage in the lowest rc'gistcr of the instruuK'nt in 
slow passages, and it is that part of its c()in[>as» 
w'hieh, in the orchestra, is of greatest value. 






Violoncello concluded 
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of China. Manchuria and Mongolia. Turkestan, Tibet and Korea 
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By Dr. A. J. HERBERTSON and F. D. HERBERTSON. B.A. 


The Native States of Haiderabad 
and Mysore. The large state of Haiderabad 
occupies the centre of the Deccan. Much of 
i|.8 surface consists of plains of black cotton 
soil, separated by low, flat -topped basalt hills. 
It is much drier than the Ontral Provinces, 
and there is little forest. The whole country is 
dotted with tanks to store water for irrigation. 
The rivers Godavari and Kistna cut gorges in 
their descent to the alluvial plains of Madrtus. 
(Cotton is an important crop. Many Jineient 
and beautiful manufactures are carried on ; 
but as coal is abundant these may ultimately bt^ 
displaced by th('> far less admirable ynoducts of 
machinery. Tlie capital is Haiderabad, in a 
stony plain. Secunderabad, in the immediate 
neighbourhood, is a British luilitary station. 

Mysore is also a high undulating region with 
many isolated rocky hills. Forests clothe 
the wetter western hills, producing sandalwood 
and other valuable timbers. (k)lTce is largely 
cultivated. Of minerals, gold is the most 
important. The chief cities are Bangalore and 
Mysore. 

Madras. Nearly all the rest of Jndia is 
included in Madras, the surface of which is 
extremely varied. The wc^st is high, sinking 
to the coastal plains of the Coromandel (;oast 
in the east. In the .south the forested Nilgiris, 
the home of litilc-known aboriginal peoples, arc 
separated from the Cardamom Hills by the 
Palghat Gap, an important route across vSouthem 
India traversed by a railway from Madras. 
The richest parts of M.adras are the lower 
courses and deltas of the Godavari, Mahanadi, 
Kistna, Cauvery and other rivers from the 
plateau. The plat<!au area resembles Mysore. 
The mountains and hills of the west are covered 
with dense forests, supplying beautiful cabinet 
woods. Gold and precious stones are found, 
but no coal. Wheat is not grown so far south, 
but most other Indian crops succeed. Coffee 
and some tea are cultivated in the western 
hills. The tobacco of Southern India is well 
known. Madras, on the surf- beaten east coast, 
is the third city of India. Trichinopoli, on 
the Cauvery delta, manufactures tobacco. A 
peat temple-crowned rock gives the city an 
imposing appearance. Southern India contains 
many magnificent temples, the finest being at 
Tanjore and Madura. 

Ceylon. The south of Ceylon i.s mountainous, 
rising to over 8,000 ft., and densely forested. 
Adam's Peak is the mot. famous, though not the 
highest mountain. The climate is hot at all 
seasons, and the rainfall heavy except in parts 
of the north west and south-east, in the lee of 
the mduntttmsi Vegetation is entirely tropical 
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in character, palms preponderating. The coco- 
nut palm supplies coir or fibre, oil, and copra — 
the dried fiesh of the nut. Knormous quantities 
of tea are cultivated on the cleared hill-slopes. 
Many spices are also grown. Colombo, the capital 
and chief port, is on the west coast. Kandy 
is finely situated on the forested hills of the 
interior. Trincomalee, on the north-east coast, 
is a British coaling .stiition. 

Indian Islands. Ri.sing from the seas 
west of Southern India are the coral J.<accadivo 
and Maidive islands. Only a few are inhabited. 
Vegetation consists chiefly of eocoiiut palms. 
Midway in tlu^ Bay of Bengal are the forested 
Andaman and Nicobar TslandvS, the homes of 
primitive trila^s. 

Assam. The forested mountain province of 
Assam is traversed by the valley of the Brahma- 
putra, which des('ends from lh(^ bleak plateau 
of Tibet to the steamy lowlands of the Ganges 
delta. Much tea is grown in the clearings of the 
forests, which supply sal and other valuable 
timber. The seat of govt^rnment is Shillong, 
in the Khasi Hills, wdnch contain deposits of 
coal and petroleum. 

Burma. l)j)})er Burma is a rt^g’on of wild, 
forested mountains, the home of many uncivilised 
tribes. The forest prodm^e is very valuable. 
Teak, one of the most durable of timbers, is, 
owing to its great w(‘ight, lloated down the 
rivers to tlie coast, whore elephants are used to 
pile it. The rubies of tapper Burma are 
famous for their fine colour. I^>wer Burma 
consists of the fertile deltas of the Ira wadi and 
Balwcn, both great rice-giowang regioiiEi. 

The Ira wadi rises by several streams in the 
mountains east of Assam, and llow^s through 
forested hills, forming picturesque defiles in its 
course to the sea. It is navigable from Bhamo, 
7(K) miles from the coast. The chief towns 
of the Irawadi are Mandalay, the old capital 
of Upper Burma, and Prome. Rangoon, the 
capital, on the Rangoon river, 20 miles from the 
sea, is connected by a creek with the delta. 
It has a large export trade in teak and rict^. 
The Sal wen flows from Eastern Tibet, through 
little-known forested mountains. In the Shan 
States, on the Chinese border, the cultivation of 
wheat is becoming important. Teak from the 
forests and rice from the delta are the exports 
of Moulmcin on the estuary of the Salwon. 

INDO-CHINA 

Siam. The independent kingdom of Siam 
occupies the region between Burma and French 
Indo-China, the Mekong forming the boundary 
between the two for a considerable distance. 
The Menam delt& is the mainstay of Siam aad 
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the chi^f support of its population and Malay Peninsula. In extreme ^uth 
tra^, TPhe capital of the oountiy is Bangkok, of the Malay Peninsula is the Bntish Straits 
A 8<Jua]iM .little ^towilyiesembling Venice, with Settlement, with the great port of Singapore on 
wat^ atifeeta hoipieB raised on piles above a neighbouring island. ^ Ihe whole region ro- 

the fl^ta. This type of house sembles Burma. The rich forests supply m^y 

ia , valuable products. Rice is the staple cultivated 
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plant in the deltaic lowlands. The Malay Penin- 
sula and Hinall adjacent islands supply the world 
with tin. 

The richest parts of French Tndo-China are 
Tongking, the fertile delta of the Red River, 
with Hanoi as the cay)ital, and (.Vinibodia, the 
delta of the Mekong, with capital Saigon [117]. 

THE CHINESE EMPIRE 

The (Chinese Empire (4,280,000 sq. miles) 
consists of China proper and of the depen- 
dencies of Manchuria and Mongolia on the 
north, Turkestan in the west, and Tilx^t in the 
south-west [118]. Much of the dependencies is 
desert or lofty mountain, giving China a strong, 
natural west/crn bulwark against aggression. 

China. This country lies on the eastern slope 
of the Central Asian liighland region, and ineludos 
the fertile alluvial lands made by the rivers which 
drain these highlands east to the Pacific. The 
larg'pst are the Hwang-ho in North (')iitia, the 
Yang- tee -kiang in Ctmtral China, and the Si- 
kiang in South China. The western provinces 
are mountainous, but eastern (-hina consists in 
large part of the fertile low'lands of these and 
smaller rivers. 

Climate. Peking, the capital of China, 
situated near its northern limit, is in the latitude 
of Soutlicrn Italy. Us mean annual tcm|wature 
is that of liOndon, though its summers are much 
hotter and its winters iniicli colder. The winter 
climate of the northern half of (’hina is made 
severe by the jirevailing north-west winds from 
the highlands of Central Asia. The northern 
rivers arc frozen in winter, and even Shanghai, 
in the latitude of Tripoli and Jerusalem, has 
severe winter frosts. The climate of Southern 
China, which is crossed by the Tropic of Cancer, 
is tropical. 

China lies in the monsoon r<‘gion, and the 
consequent regularity of tht? H(;asoris early made 
agriculture imi)ortant. Tiie Chinese n‘gard this 
as the most honourable of human occupations, 
and wisely so, for the prosp<'rity of tluur teeming 
population depends wholly on the ])atient and 
laborious cultivation in whi(;h the (’hinese 
excel. The crops raised arc very various. In 
Northern China wheat, and millet — one sptHUes 
taller than a man - arc tlie cereals. Rice is not 
grown north of the TsingUng IMountains, which 
separate the Hwang-ho and Yang-tse baf.ins. 
Central China produces rice, tea, cotton, silk and 
opium. Sugar, indigo and spices are grown in 
the tropical provinces of Soutli Cliina. 

Many Chinese, trees — the oak, maj)le, poplar— 
we know, but others — the useful wax, tallow, 
soap, and varnish trees, etc. — are unfamiliar. 
The beauty of tlie azaleas and other flowering 
shnibs explains ite title of the Flowery Land. 

The Yellow Lands of North China. 
The yellow or loess lands of North China are 
indescribably fertile. All that they require is a 
little fresh sprinkling of their own loam on tho 
surface, and they bear ero[> after crop with iin- 
diminislu d fertility. The origin of this fertile 
soil is very interesting. Tn the course of many 
ages the winter gales have swept it down as 
fine sand from the mountains and deserts of 
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Central Asia, filling up the hollows and valle3rs 
of the old land surface and gradually levelling it. 
In the process layer after layer of grass and other 
vegetation has been steadily but imperceptibly 
buried. The decay of this has added fertilising 
suK^tances to tho soil, which has been rendered 
still more light and porous by the disappearance 
of the buried plants. Water sinks easily through 
such ground, dissolving the chemical substances 
present, and forming a kind of natural liquid 
manure. 

A Strange Country. This fertile yellow 
soil has certain disadvantages. The rivers cut 
their channels deeper and deeper through tho 
loose soil, and flow between lofty banks far below 
the surbme level. Similarly, tlie roads sink deeper 
and deeper below the surface, forming at last 
mere cracks 8 ft. or 10 ft. bi’o.id, winding between 
walls perhaps 100 ft. high. Seen from above, the 
country seems to bo densely cultivated, but 
uiiinluibited, for the dwellings are out of sight 
along the invisible roads. Irrigation would 
obviously boimpo.ssible, but, fortunately, the rain 
is anijile for cultivation. 

The Hwang«ho Basin of North 
China. The Hwang-ho, or Yellow River [119], 
rises in the Kwenhin Mountains, and cute ite way 
down in gorges easier to imagines than to de- 
scribe. It makes a great bend along the base 
of the Alashan, and turns south through moun- 
tain d(?fi1es between the Chiiieso provinces Shensi 
and Shansi. The Wei comes in from the moun- 
tains of Kansu province, whi«*h extends far into 
the Central Asian highlands, and tho main 
stream changes its own direction for that of its 
tributary, exactly as the Rhone takes the direc- 
tion of the Saono in France. Tho united river 
flows due east along the northern base of tho 
Tsingling Mountains, draining the lowlands of 
recbili and Honan, between which the moun- 
tainous peninsula of Shantung, with the foreign 
settlements of Wei-hai-wei and Kwei-chou jute 
out into the Yellow Soa. Wheat and millet are 
the staple crop — a diet which makes tho North- 
ern Chinaman t aller and liardior than the men of 
the rice-eating provinces. Tho province of 
vShansi is destined to become iht) Pennsylvania 
of China. Inexhaustible deposits of coal and 
iron occur together, and the mountain rivers 
provide unlimited power for clce-trieal and other 
induslrios, as well as for transport. 

China’s Sorrow. I’he lower course of tho 
Hwang-ho is over alluvial lands built up by 
the river itself. To prevent it from overflowing 
ite banks when swollen by tho melting snows of 
the lofty mountains of Central Asia, the river is 
embanked. This restrains it, for a time, but in tho 
end the river triumphs. The sediment it carries 
must be deposited somewhere, and if embank- 
ments prevent it from spreading this out over tho 
surrounding land, it must drop it on ite own 
bed, 4he level of which is consequently always 
rising. As it rises the embankments rise too, 
and thus the river is at last far above the level 
of the surrounding country, “ The dykes gfow 
from mere walls into ranges of earthworks, like 
fortress sides, hundreds of miles long, and the 
effort overtaxes the skill of the engineer and 
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the perseverance even of Chinese labourers. 
When the Yellow River, gorged with water from 
the mountains till, it forms a gigantic reservoir 
averaging a mile broad, from 300 to 500 miles 
long, and 70 ft. deep, all suspended in the air 
by artificial supports, comes rushing down in 
autumn, the slightest weakness in these supports 
is fatal.” A tiny crack grows into a leak, the 
leak into a rent, the ^nt into a great breach, and 
the whole volume of waku- pours down with 
immeasurable momentum over the teeming plain 
below. This happened last in 1887. 

“ The torrent in its first and grandest rush, 
though throwing out rivers every moment at 
every incline of the land, had for its centre a 
stream 30 miles bi osd and 10 ft. deep, trav<‘lling 
at 20 miles an hour.” For two months the 
Hwang-ho poured over the plains, none rojiching 
tlio sea, and it is e?iti mated tluit 7,000,000 persons 
jierished. At last the water began to reach the 
sea, the great lake shrank to a river, and the 
Hwang-ho had a new course. When this hapixms, 
embanking begins again, tlic now bed gradually 
rises into the air as did the old one, and in a genera- 
tion or two th(^ calami fy r(^ peats itself. For many 
centuries the Hwaug-ho has boon (Uiina’s sorroAv. 

Peking. North of the Hwang-ho is Peehili, 
drained by tlu^ Pei-ho. Here the capital. Picking, 
is built in a sandy plain, not far from the moun- 
tains which form the southern margin of tluj 
Mongolian plateau. It is a double city, Chinese 
and Tatar, both massively walled. Within the 
Tatar City is the Tmpei’ial CUty, and within that 
again the Forbidden City, the Imperial residence, 
occu pied in 1 901 by Furoj)ean troops. One result 
of that occupaf iou was that the railways were 
brought through the C-hinese city right up to the 
walls of the hitherto sacred Tatar (.'ity. “ With 

its broad stroeU and vast, open spaces, Peking 
is more Central Asian than Cliiiu^se in charfwder, 
and its unpaved streets are thronged by files of 
camels, bringing coal, wool, and oUuu’ produce 
into the city.” Tientsin, on the Pei-ho, is the 
port of Peking, and connected Avith it by rail. 

The Y ang-tse Basin of Central 
China. The Yang-tse (3,2(M) miles) [119] rises in 
Tibet, its upper course being through mountain 
defiles in little-known country. It enters (Jhina 
between tlie provinces of Seehueii and Yunnan, 
both mountainous, and its course across the 
former province is through gorges of great beauty, 
but extremely diflieult of na\dgation. 

The Red Lands of the Yang»tse. 
The red sandstone lauds of the Yang-tse almost 
vie in fertility Avith the yellow lands of North 
China. Moisture is abundant, and the hills are 
terraced for cultivation froui base to summit. 
Seehuen is the richest and most typical proAunce of 
Central China, producing tea, rice, silk, opium, 
rhubarb, and other dr\igs, varnish, soap, wax, and 
tallow trees, and many other valuable products. 

Chungking, built on heights where the 
Kialing comes in from the north, is the 
eommer< ial capital of the province. 

The Min Valley. The Min is remarkable 
for the masterly irrigation works which have 
converted the Chengtu plain (2,800 sq. miles), 
one of tixe few level areas of Seehuen, into the 
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most highly cultivated and densely populated 
area of its size in the world. “ We see innumer* 
able water channels lined Avith trees, chiefly 
poplars, and farmhouses and residences so 
thickly stud the plain that they appear almost 
continuous. Numerous fine temples and well- 
endowed monasteries surrounded by groves of 
tall forest trees and bamboo thickets are con- 
stantly in evidence, and the whole plain and 
the surrounding hills afford a pleasing contrast 
to the tree-denuded slopes so common through- 
out China.” ^ 

The Lower Yang-tse. At Tchang the 
Yang-tso leaves iis famous gorges. In the re- 
maining 960 miles of its course, though it has 
some hills to pass through, it falls only 130 ft. 
Rich alluvial plains, once perhaps old lake basins, 
0 x 1 end on either side, and arc oltcn flooded. 
Hankow, at the confluence of the Han, the river 
of the province of Hupeh, Avhieh produces 
cattle and hides, will sliorlly bo the cent re of Avater 
and railway eommunications wliich will make it 
the Chicago of China. E\^ery kind of produce 
from the vast basin of the Yang-tse is brought 
to its markets, and ncAv industries and factories 
are constantly coming into existence.' Much 
timber is floated doAvn to the Yang-tso by tribu- 
taries from the mountainous province of Hunan, 
to the south, where inueli tea is grown. Kiangsi 
has similar prodiuds. Nganhvvei grows excel- 
lent green tea, and contains some of the richest 
rice lands in (liina. Kiangsii, the delta 
province of the V^ang-tse, is a C hinese Holland, 
Avith innumerable canals and reclaimed meadows 
lying below sea loA'^el. The capital is Nanking. 
^Ilie dtHta is steadily growing seawards, and in 
a century or so Shanghai,tho port of the Yang-tse, 
on a river connected witli the delta, will bo above 
tidal influence. In a geographical sense it is 
the New Orleans of China, but in importance it 
compares better with New York, as it is the 
commercial metropolis of China. It owes its 
prosperity to the wealth of tlio Yang-t.se basin, 
which Avill increase enormously when its mineral 
resources are systematically exploited. 

Southern China. BetAreen the basins of 
the Yang-tse and the Si-kiang, the great river 
of Southern China, arc Che-kiang and Fukien, 
resembling the Yang-tse provinces in climate 
and products. Che-kiang has been called a 
miniature Sechuen, Avith lower hills forested 
or cultivated to the summit. The chief port 
Ningpo, in a rich rice -growing plain, surrounded 
by mountains, has flourishing cotton mills. 
Hangchow is an old capital of China. Fukien, also 
mountainous, produces the finest tea, shipped 
from Fuchow. Amoy, with a fine harbour, 
docs an immense trade in tea and coolies. 

The Si-hiang Basin. The 8i [118] rises in 
the Yunnan Mountains, cutting its way doAvn 
in gorges and ravines. Together Avith its two 
tributaries it drains the three chief valleys of 
Southern China, which conA’erge on Wuchow, 
now a treaty port. All the Si basin, which 
includes part of Yunnan and Kweichow and all 
Kwangsi and Kwangtung, is mountainous, 
forming part of the great descent from the 
Tibetan plateau, /ilong the river bottoms and 
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in the fertile plains are grown the usual Central 
China crops, with others of a tropical character. 
The forts of Kwangsi produce cinnamon, mace, 
and other spices. Sugar and indigo and other 
tropical produce are grown in the fertile 
maritime province of Kwangtung. Canton is the 
commercial centre of Southern China. Tlie neigh- 
bouring island of Hong Kong is an important 
pivot of British influence in the Far East. 

Manchuria. Manchuria (365,000 sq. miles) 
is a steppe land backed by mountains. It is 
drained >by the Amur and its tributary the 
Sungari. The climate is extreme. Its hot 
summers, monsoon summer rains, and rich black 
loam make it one of the granaries of the world. 
Harbin, on the Sungari, mills 1,000,000 lb. of 
flour a day. The surrounding region is one 
vast wheatficld. Soutliern 


sharp and distinct like blots of green on a sepia 
picture.” In the western end round Kashgar 
and Yarkand the cultivation is of greater 
extent, and more continuous than in the 
eastern half, where the oases are small and 
separated from each other by 15 or 20 miles 
of desert. Both the towns named, and 
Khotan, further east, arc on tributaries of 
the Tarim. The most important oasis of 
Zuiigaria is Kuldja, on the Hi, which flows to 
Lake Balkash. 

Tibet. The plateau of Tibet (740,000 sq. 
miles) [118] vaiios in elevation from 9,000 to 
17,0(M) ft., the mountains rising some thousands 
of feet higher. It is enclosed between the Kw'enluns 
and Himalayas, connected in the west with 
the Pamirs. In the east a series of little -known 


Manchuria is drained by 
the Liao-ho. The capital 
is Mukden. The port of 
Manchuria is Niuchwang. 
As Manchuria is rich in 
minerals, furs, and tim- 
bers from its forests, 
Niuchwang is rapidly be- 
coming very important. 
Port Arthur, formerly 
Russian, m now Japanese. 

Mongolia. The 
plateau of Mongolia 
(1,100,000 sq. miles) [118] 
has an elevation of 3,000 
or 4,000 ft. with moun- 
tains rising much higher. 
In the east the Khingan 
Mountains separate it 
from Manchiu’ia, inter- 
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churia so fertile. The western margin is formed 
by the Altai Mountains. Shut otf by mountains 
from moist winds, remote from the sea, and lying 
high, Mongolia has a dry and extreme climate. 
The waterless desert of Gobi in the centre of 
the plateau occupies about a quarter of its 
area. The rest is steppe, rich or poor according 
to locality, supporting a scanty population of 
Mongolian herdsmen and their camels, horses 
and sheep. The most fertile part lies north of 
Kalgan, in Pechili, the gate of Mongolia, and 
extends along the northern margin, which is 
followed by the high road to Kiakhta, Urga, 
and Siberia. 

Turkestan. This includes the rest of 
Chinese Central Asia (550,000 sq. miles) outside 
Tibet. Turkestan is crossed bv the lofty 
Tian-shan Mountains, separating Zungaria and 
the Hi basin in the north from Kashgaria 
and the Tarim basin in the south. An explorer 
has admirably described the region ; “If you 
oould get a bim’s-eye view of Turkestan you would 
see a great bare desert, surrounded* on three 
sides by barren mountains. At their bases 
you would see vivid green spots showing out 


ranges, separated by the ravines of the Chinese 
and Indo-Chinese rivers, form steps in the descent 
to the Pacific. 

Northern Tibet is a desolate region crossed by 
parallel chains of lofty mountains, inhabited 
only in the height of summer when wandering 
herdsmen drive, theii yaks to the mountain 
pastures. Settlement is confincil to the soutii, 
chiefly to the Brahmaputra and its tributary 
valleys, where barley, peas, and even some stone 
fruits ripen. The winters are frightful in their 
inclemency. The keeping of yaks is the chief 
means of livelihood. The capital is Lhasa, 
long a forbidden city to Europeans, but occupied 
by the British in 1904. 

Korea. The Korean peninsula (82,000 sq. 
miles) [118] is everywhere rugged, the northern 
mountains rising to 8,000 ft. The fertile valleys 
produce cotton, hemp, and tobacco, but the 
Koreans do little to develop the considerable 
agricultural and mineral resources of their 
country. The capital is Seoul, on the Han, the 
longest river, at the mouth of which is the chief 
port, Chemulpo, on the west coast. Fusan, on the 
Strait of Korea, has a large trade with Japan. 


Continued 
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takes in the management of the concern. It 
sometimes happens that a considerably greater 
amount of work is done by one partner than 
by another, and this is equalised by 
the working partner being allowed 
either a partner’s salary or else a 
larger share of the profits than he 
would be entitled to having regard 
to the amount of his capital. 

In order to show clearly the 
working of the drawings and capital 
accounts a specific case will be con- 
sidered. Grey and Green are partners 
with ^'capitals of £;k000 and £1,000 
respectively. The business is managed 
by Green, for w'hich he is allowed 
a salary of £200 per annum. Profits 
are shared in proportion to their 
capitals, interest at 5 per cent, being 
allowed on the latter and charged 
at the same rate on drawings. 

Grey’s drawings were £50 on 31st 
March, .£75 on 30th June, and £40 
on 30tli September. Gn'en’s only 
drawing, with the exception of his salary, 
which ho received quarterly, was £30 on 30th 
Juno. The profits of the business, after charg- 
ing and allowing interest in the profit and loss 
account, was £1)00. [See Tables below.] 

In pn^paring the balance-sheet of a firm it is 
usual to show the capital accounts of the partners 


in detail. The capital accounts of Grey and 
Green would therefore appear in their balance- 
sheet: 


LIABILITIES 


Sundry Creditors, viz. ; 
On Bills Payable 
On Open Accounts 

Capital Accounts : 

Groy balance, Jan. 1st 
Add Interest . . 

Hliaro of Profits 


Leas Drawings and Interest 

Green balance, Jan. l.-t 
Add Interest . . 

Share of Profits . . 


Lena Drawings and fntorcst 


0S5 7 

1.«19 16 


:),ooo 

160 

450 

11.000 
109 

1.000 

50 

150 


1,200 

:io 


2.505 2 6 


3.430 15 0 


1,109 6 0 


17,105 2 6 


Admission of a Partner, From a 
variety of causes, such as retirement of a partner, 
increased business, or want of further capital, a 
new partner i.s frequently introduced .to a firm. 
The terms upon which lie is adrnited are matters 
for arrangement, and usually include the invest- 
ment by him of a fixed sura in the business and 


Dr. GREY’S DRAWINGS ACCOUNT Cr. 


Mar. 3t 

To Cash . . 

60 0 0 

De(5. 31 

By Interest on Capital . . 

150 0 0 

Juno 30 

,, Cash 

75 0 0 


„ Profit and Loss Ac- 


Sopt. 30 

„ Clash 

40 0 0 


count, being j of profits 

450 C 0 

Doc. .31 

„ Interest on Drawings 

4 5 0 





„ Transfer to Capital 

430 15 0 




i 


£000 0 0 

1 


£000 0 0 
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GREY’S CAPITAL ACCOUNT 
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■ 

i 

Jan. 1 
Dec. 31 

By (’usli 

„ Transfer from Draw- 
ings Account 

:i,ooo 0 0 

430 16 0 
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Mar. 31 

To Cash 

60 0 0 

Doc. 31 

By Salary as Managing 






Partner 

200 0 0 

June 30 

„ Cash . . 

80 0 0 


„ Interest on Capital . . 

50 0 0 

Sept. 30 

„ Cash . . 

50 0 0 


„ Share of Profit . . 

160 0 0 

Deo. 31 

,, Cash . . 

60 0 0 




»» 

„ Intcreri on £30 draw- 


i 




ings 

15 0 

1 



»» 

„ Transfer to Capital % 

l«9 6 0 

1 





£400 0 0 

1 ! 


£100 0 0 


Dr. 

GREEN’S CAPITAL ACCOUNT 

Cr. 




j Jan. 1 

1 Dec. 31 

By Cash . . 

,, Transfer from Draw* 
ings Account 

1,000 0 0 

109 5 0 
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the payment of a premium to the existing 
partners, ^'he premium is usually regarded 
as being in respect of the goodwill of the business, 
and as it frequently happens that there is no 
account in the books representing that asset, and 
it has not been necessary hitherto to arrive at the 
value of it, the price to be paid in this respect is 
generally fixed upon the basis of so many years’ 
purchase of the annual profits. Two years’ 
purchase is a very usual price, but it may, of 
course, bo oithi^r more or less according to the 
nature of the business. 

The premium may be dealt with in two or throe 
different ways. The cash the new partner 
introduces as his capital will be debited to cash 
and credited to his capital account. The premium 
may perhaps be paid to the old partners direct and 
not come into the new firm’s books at all, or 
it may be paid into the firm’s bank account and 
credited to the old partners in such proportion 
as may be agreed between them. It is some- 
times arranged that instead of a payment 
being made by the incoming partner a goodwill 
account is opened and debited with an agreed 
amount which is credited to the partners in 
proportion to their shares in the business. 

Dissolution of Partnership. In the 
ahsenoe of any agreement to the contrary, a 
partnership is indefinite as to its duration, but 
it is automatically dissolved upon the happening 
of certain events, two of which are the death 
or bankruptcy of a partner. It is not unusual 
for the articles of partnership to provide that 
upon the death of a partner his share in the busi- 
ness is to bo (^ahiulated upon a certain basis 
in order to avoid the necessity of preparing 
a balance-sheet in the middle of a trading 
period. One method is to take his capital 
as at the date of the last balance-sheet 
and allow the addition of profits at the rate of 
the average for the three preceding years, 
providing also for the valuation of the goodwill. 
It is sometimes further provided, in order that 
the business shall not be crippled by the sudden 
withdrawal of a large amount of (capital, that 
payment to a deceased partner’s representative 
shall be made by instalments. In other cases 
provision is made for such a contingtmey by an 
msuranc^e of the lives of the partners being effected 
at the cost of the firm, which will, of course, 
receive the sum insured in the event of the death 
and use the money to pay out the deceased 
partner’s capital. 

Final Winding-up, The kind of disso- 
lution, however, which requires further explana- 
tion is the comph^te wdnding-up of the firm 
owing either to failure or to the period for which 
it was entered into having terminated, or to 
.general agreement amongst the partners to 
discontinue business. In any of these events 
it is necessary to realise the assets and pay 
to each partner the amount due to him in respect 
of his capital. The first step to be taken is to 
prepare a balance-sheet tis at the date of disso- 
lution. An aocoi int caP^dthe realisation account 
;:^* then created, and tlie values of the assets as 
ftpb^ing; in the books are transferred to its 
ihji .Various assets accounts being clos<^ 


by being credited by the amounts so transtored. 
As the realisation proceeds, cash account will 
be debited, and the realisation account credited 
with the sums received. 

When the assets are sold the balance of the 
realisation account will represent the gain or 
loss on realisation, probably the latter, for assets 
seldom realise their book values. This balance 
must be treated in the same manner as if it were 
the balance of the profit and loss account. If it 
represents a gain, it will be transferred to the 
credit of the partners and increase the amount 
of their capitals, while, on the other hand, if, as 
is probable, there is a loss, it will be transferred 
to the debit of the partners and reduce their 
capitals. Any expenses of realisation will also 
be debited to the realisation account as they are 
paid, while cash will be credited with the pay- 
ments as well as with payments to the creditors. 
The result will bo a balance on the cash account 
representing the excess of the proceeds of the 
sale of the assets over the liabilities and the ex- 
penses of winding up. As all the assets have 
been sold and their proceeds received in cash, 
the balance of the cash account will equal the 
Jiggregato of the balances on the partners’ capital 
aceouut.s after the latter have been debited with 
the loss or credited with the gain on realisation. 

Self-balancing Ledgers. Wo have so 
far assumed that one ledger only has been used 
in the businesses with wliieh we have dealt, 
but it will have been obvious to the observant 
reader that in undertakings whore a large business 
is carried on the dcbt<ys and creditors must be 
too numerous to allow of all their accounts 
being kept in OYie book. V/here this is the case, 
it is necessary to divide the lodger into sections, 
each set apart for a particular class of transac- 
tions. It must bo remembered that where 
separate books are ust^d the ledger as a whole 
consists* of all the difl’eront sections, and if it is 
desired to prove the books at any time by means 
of a trial balance, it will bo necessary to extract 
th(^ balances of all the accounts in every ledger 
before agreement can be obtained. 

This, in a business where there are Hundreds 
of debtors — and there are many such — is a work 
of considerable magnitude ; and if when all the 
-balances have been extracted the totals do not 
agree, the bookkeeper is at a loss to know in 
which ledger to look for the error. In order to 
obviate the necessity of searching through all 
the ledgers to find a difference which may exist 
in only one of them, a method has been devised 
by which it is possible to localise errors and thus 
restrict the search to the particular section 
indicated as being that in which the error has 
arisen. The s}^tem is variously known as 
sectional balancing, self-balancing ledgers, and 
balancing by totals, but, subject to very slight 
modifications, these terms refer to the same 
system whichever name is employed. 

Sectional Principle. The underHtig 
principle is that each le%er must contain in meff 
a complete double entry of all thertranis^tfoi^ 
.recorded in it. This is, of course. a}iVa^' ^ 
case where only one Mger ia but 
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owing to the increase in the number of accounts, 
it becomes necessary to have more than one 
ledger, it is highly probable that while the debit 
side of a transaction may be posted to one ledger 
the credit side will be posted to another. Thus, 
in the case of a sale of goods the debit to the 
customer would be made in the sold ledger, 
while the credit to the goods or sales account 
would be made in the general ledger. If 
nothing further were done, it would be necessary, 
in order to obtain a trial balance, to extract the 
balances of all the ledgers, but if each ledger is 
so arranged that the total of its debits is equal to 
the total of its credits, it will be possible at any 
time to extract a trial balance of each ledger 
separately, and so ascertain that the work of 
posting has been correctly performed. This may 
sound somewhat like duplicating work, but it is 
not so in fact, and the gain is so enormous in a 
largo concern that the slight amount of extra 
trouble is fully compensated for by the result 
achieved. 

The system is only necessary in a business 
where the ledger is divided. The first division 
which is made is usually into (1) sold ledger, 
containing the accounts of the debtors ; (2) 


bought ledger, containing the creditors* accounts, 
and (3) general ledger, set apart for such accounts 
as stock, purchases, sales, the various revenue and 
expenditure accounts, the capital and drawings 
accounts of the partners, and the assets of the 
concern, other than book debts. The sold 
ledger is frequently further divided into sections 
set apart for town and country debtors, or for 
portions of the alphabet, and sometimes for 
both. 

Separate Sold Ledgers. It will be 
sufficient for the purpose of explaining the system 
to take a case where the sold ledger is divided 
into town and country ledgers, as the principle 
applied is the same whatever the number of 
ledgem. There must he either separate books 
of first ent ry for each ledger (and this is t he better 
method where tluj ledgers are numerous), or the 
books from whieh the ledgt‘rs are ]30sted — ns., 
the sales, ndurns inward, cash and bills receivable 
books — must be ruled with columns for both 
ledgers, care being taken to enter t he items in the 
column relating to the ledger in whieh the 
customer’s account is kept. The p()sting.s to the 
debit of eustoincTs of the goods sold to them will 
be carruid out in the usual manner, and the gross 
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ADJUSTMKNT ACCOUNT IN TOWN SOLD LEDCKK Cr. 


Jan. 31 


Feb. 28 


Mar. 31 


To (Jash refjeived ns per 
Town column of Caslj 
Book . . 

„ Discount (Cash Book) 

,, Returns as per UeturiiM 
Inward Book, Town 
col. 

„ Cush and discsount as 
above . . 

,, Bad Debt as per analy- 
sis of Journal 
,, Casli and iliscount 
,, Bills Heeeivablo as per 
Town col. of Bills Bo- 
eeivable Book 
„ Balance c/d, agreeing 
with aggregate of 
debtors’ balances 





Jan. 1 

By Baianire b/d, being the 








total of the balances 




1,208 

1 

0 


on tho cijstoiuera* 




24 

6 

3 


accounts 

2,743 

16 

8 




Jan. 31 

„ Sales as per Town 








eoluinn of Sales Book 

1,426 

18 


42 

8 

6 

Feb. 28 

,, do. do. 

1.107 

5 





Mtt«\ 31 

„ do. do. 

1,384 

12 


1,124 

6 

3 


„ Disltonoured bill as 








per. journal 

27 

10 

0 

42 

8 

11 






1.456 

8 

1 






84 

2 

6 






2.708 

1 

4 






£6.690 

2 

7 



£6.690 

2 

7 




April 1 j 

[ By Balance b/d 

2,708 

1 

4 
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Jan. 

1 

To Balance b/f , being total 




Jan. 31 

By Casli receiwd us per 






of balances on cus- 





Town column of 






tomers* accounts . . 

2,743 

16 

8 


Cash Book . . 

1.20S 

1 

9 

Jan. 

31 

„ Sales as per Sales 




„ Discount do. dci. . . 

24 

6 

3 



Book, Town column 

1.426 

18 

2 


,, Returns as per Returns 




Feb. 

28 

,, do. <lo. 

1,107 

5 

3 


Inward Book, Towti 




Mar. 

31 

„ do. do. 

1.384 

12 

6 


column 

42 

8 

6 



„ Dishonoured bill as per 



Fob. 28 

,, Cash and discount . . 

1,124 

6 

3 



Journal 

27 

10 

0 


„ Bad debt as per Journal 

42 

8 

11 







Mar. 31 j 

., Cash and discount 
„ Bills roceivahlo as per 

1,466 

8 

1 








Town column of Bills 
Receivable Book . . 

84 

2 

6 








„ Balance c/d, agreeing 
with total of debtors’ 
balances . . . . 

2,708 

1 

4 




£0.690 

2 

7 j 


£6,690 

2 

7 

1; 

1 

To Balance b/d • . ^ • 

2,708 

T" 

"T 



1 
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total of the sales, both town and country, posted 
to the credit of the sales account in the general 
ledger. The cash, bills receivable, discount, and 
the returns inward — t.e., from customers — ^will 
be posted to the credit of the customers’ accounts, 
while the gross totals will be posted to tlie debit 
of the respective accounts in the general ledger 
relating to bills, returns, etc. This would 
complete the ordinary double entry of the various 
transactions, and the accuracy of the work could 
bo tested by extracting a trial balance covering 
all the ledgerR. Jhit in order to obtain the 
desired result of balancing each ledger separately, 
we must obtain from the books of first entry the 
totals of the post iiigs made to the debit and credit 
of customers in the two ledgers respectively. 
This is done by means of tlio town and eountry 
columns in each book, which an* totalled at the 
end of the month, and the amounts posted to 
accounts op<*ne<l at the end of each sold ledger, 
entitled General lA'dger Adjustment Account. 

The effect of this operation will be that each 
sold ledger will balauc('> in itself, for, taking 
the case of the town ledger, the sales to town 
customers will have been 8e])arately posted to 
the debit of individuals, while the total of the 
town column in the sales book will ho posted to 
the credit of the adjustment account. The cash, 
bills received, and cliseount, will have been posted 
to the credit of the customers individu illy, and 
the totals of tlu* town columns m th<* cash and 
bills receivable books \\illbe posted to tlu' debit 
of tlio adjustment acocuint. Rt'tiiriis inward 
will bo posted to the credit of customers, and the 
total of the town column to the debit of the 
adjustment account. Tt will be apparent that 
if those cntri(*s have been eonH‘etly niatle the 
town lodger will balance in itself, tor care has 
been taken to debit and credit to the adjustment 
account in total the items that have b3en credited 
and debited to the eu.st omers separately. It will 
be nce<*ssary to dis.sert the journal for any items 
affecting the town ledgei in ord«*r that the totals 
may be entered on the adjustment aeeount on 
the opposite side from that on which they were 


entered in the case of the customer. These items 
may consist of dishonoured bills, bad debts, 
special allowances, etc. The result will be, if 
the work has boon accurately carried out, that 
the balance of the adjustment account will equal 
the aggregate of the balances of the other 
accounts in the lodger — viz., those of the town 
oust omers. This balance is carried down at 
balancing time and shows at a glance the total 
of the customers’ balances then owing. 

General Ledger Adjustment, In order 
that the balancing of the books as a whole 
may bo preserved, an adjustment account is 
raised in the general ledger for each of the other 
ledgers, and the entries made on those accounts 
will naturally be the reverse of those made in 
the adjustment accounts in those ledgers. In 
order that the w’orking of the syslem may be 
thoroughly understood, specimens of the adjust- 
ment accounts in a town sold ledger and in a 
general ledger respectively arc shown on previous 
page. 

In the ease of a small business, with only three 
ledger.^— sold, bought, and general ledgers — 
it might be more convenient to prepare monthly 
summaries by analysing or dissecting the books 
of first entry and sliow^ing in the form of an 
account the totals of the postings to the three 
ledgers. ’Phus, in the ease of the bought ledger, 
th(» credit side of the cash hook would he analysed, 
and the amounts which had boon posted to the 
dv‘bit of persons whose accounts were kc'pt in 
the bought lt‘dgc'r would be extracted, totalled, 
and enterid on the credit side of the summary. 
Tlic purchases l)ook would give the total of the 
postings to their credit, and this would be entered 
on the debit side* of the summary. Any returns 
outward would bo taken trom the rtdurns book, 
and as these would have been posted in detail to 
the debit of the sellers, the total w*ould be 
entered on the credit side of the summary. Any 
bills given to the creditors wliich have been 
))osted to their debit would be entered in 
total on the crerlit side of the summary, which 
would then appear in tliis form : 



SUMMAUY OF BOUtJHT 

LKDtJKR 

Cr. 

Jan. 1 

To Balanco b'f. being total 


Jan. 31 

By Cash paid to creditors. 



iit the balaiift » of tbn 



as j)or analyhis of 



oivdilof's* ai counts 

283 6 4 


Gaali Book , . 

148 6 9 

Jan. 31 

,, Pui’c*lmso‘4 as por Pui- 



„ Discount allowed by 



i-luiMos Book . , 

195 6 0 


creditors 

5 6 0 





„ Returns outward 

18 10 0 





„ Bills payable , . 

60 0 0 





„ Balanco c/d, agreeing 






with total of credi- 






tors* balances 

256 S 7 



£478 11 4 



£478 n 4 

Feb. 1 

To balance b/d 

256 8 7 
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By JOSEPH 

now go into the smithy, and observe the 
methods practised there. Wo find condi- 
tions of an entirely different character from those 
which exist in the foundry — conditions which 
are inseparable from the difference in pouring 
molten, and in shaping plastic metal. The 
nearest approach ever made to the molten state 
of metal in the smithy is when a welding heat 
is taken on iron, at which the surface becomes 
partially fused, so that isolated globules droj) off 
as the bar is taken from the fire. If wrought iron 
were to be fused like cast iron, it would l>ecome 
partially carbonised, and so lose the pasty 
condition which renders it of so much value. 
On the other hand, cast iron could not be 
hammered, but would at a red heat become 
absolutely fragile and rotten. These differences 
explain the cardinal differences in the practice 
of the two departments. 

V/rought iron and mild steel when heated to 
temperatures corrtjs ponding with a full red or 
white heat become pasty and plastic, and in this 
state will endure any amount of hammering 
and reduction in size, or of bending and rolling ; 
while at a full or dazzling white heat they can 
Ihj welded. Their malleability and ductility 
enable them to endure the most severe treatment 
without loss of strength, and, in fact, such work 
done upon them, provided proper precautions 
are observed, increases their strength, without 
reduction in ductility and malleability. But 
before proceeding farther it is necessary to 
point out the important differences between iron 
^ and steel, with the corresponding differences in 
the methods of working them. 

Differences in Working Iron and 
Steel. Chemically, there is no distinction 
worth mentioning between wrought iron and 
the mild or low carbon steel that is used for 
forgings. But there are great differences in 
their physical characteristics, and in the methods 
of working them. Iron has very pronounced 
fibre, steel has none, except a negligible amount 
that is developed in rolling. Iron has some 
four tons per square inch more of strength along 
the Section of the fibres than across them. 
Steel is equally strong in any direction. Iron 
is fibrous because it has been piled, welded, and 
lolled in layers. Steel is homogeneous because 
it has been melted and poured previous to being 
rolled. Because iron is fibrous, it welds better t han 
steel. On the other hand, its bundles of fibres 
prevent it from l^ing upset or enlarged so readily 
as steel. Steel is stronger than iron^ and more 
ductile, and, therefore, it can be bent more, 
can be elongated, drifted, and reduced in section 
more before it fractures than iron. The same steel 
can be bo&i oast and forged ; not so wrought iron. 
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Smiths' Tools. Such being the materials 
in which the smith works, we find their charac- 
teristics reflected in the tools and appliances 
employed by him. ^i’hey are hammers, and 
numerous hammer-like tools, in which moulding 
or shaping processes are combined. Fullering 
tools, flatters, swages, punches, drifts, are 
the predominant forms. The aj)pliances are 
also swages and swage blocks, bending blocks, 
dies, and allied forms, in whi(fli metal is coerced 
by impact or pressure into any desired shapes. 
Tlie leading forms are shown in the group 
126-133. 

'llio actual cutting tools are represented ty 
the cold and hot setts ^ or chiseh [124 and 126], 
variants on these being the holUm setts, or yovifcs, 
having edges curvcil instead of straight. The 
group of tools in 126 to 133 all mould, but do not 
cut. Fig. 126 is a f uller, or fnllerijtg tool, straight 
crossways, used for rapid reduction of stock ; i27 
is a curved fuller, for working close up to a l>os8; 
128 forms isolated spherical depi’essions ; 129 is 
an anvil fuller, used in opiMjsition to the fullering 
tool [126). After a surface intended to be fiat 
has been f\illcred, it is smoothed with a flatter, 
or sett haminer [130 and 131]. If the object be 
required of circular form, it is finished — and often 
fullered down also — between top and bottom 
swages [132 and 133], the latter being anvil 
swages. To avoid having toi> and bottom tools 
separate is the object of the spring tools [134-137J, 
in which the two are c;oml)ined, and unitt^d by 
spring handles that j)crmit of opening and closing. 
Fig. 134 will be recognisoil as a pair of fullers, 
135 as top and bottom swages, 136 as three 
pairs of different sizes, between which in rapid 
succession a round bar is rcnluced, and 137 
as a single pair witli the hole at right angles 
to that in 136. In the swage block [138], which 
is in incessant use, the edges are simply an 
aggregation of bottom swages of varying shapes 
and sizes, while the holes with which it is pierced 
form fulcra for use in bending bars. The anvil 
[189] is simply an appliance on which work can 
be fullered, flattened, and bent, the beak being 
much used for turning eyt>s, while bottom 
swages, and the cutter, or the anvil fuller [129], 
are inserted in the hole. 

Hence no tools used by smiths, except those 
employed for the actual severance of bars and 
work, arc cutting tools. In this respect the work 
of the smithy stands apart from other trades. 
If a bar has to be reduced, it is not done by 
cutting, but by fullering. All finishing processes 
are effected with tools that are destitute of 
sharp edges. Fullers, swages, even flatters, 
have slight convexity on thew edges, so that no 
keen angles are left anywhere on the work, and 
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there is no severance of fibre, but only a mould- 
ing process. 

Materials and Tongs. So also the forms 
in which the materials are rolled are very 
simple and very few. They comprise round rods 
and bars of square and rectangular sections, and 
from these almost all conceivable shapes are 
produced by processes which are in their 
essentials few and simple. Those forms have 
their counterparts in the tongs by which they 
are handUnl [140 to 151]. Figs. 140 and 141 
aie both ffat-bit tongs, for flat bars. The first 
are close, the second open movfh — meaning, that 
the former are used for thinner, the latter for 
thicker bars. Fig. 142 is the crook-bit tomps, 
which liold a long bar parallel with the handles, 
secured by the crook or lip on one jaw. Fig 143 
is the hoop tonejs, for holding hoops or bars at 
right angle's with the handles, iig. 144 is a 
form of pHera for picking up light lengths of rod, 
or holding punches and drifts, and 145 shows 
the pincer tongs. Into the hollow space the 
J^eods of l)olts, collars, and extensions on work 
may enter. The jaws are oftem notched, or 
ve<d. Fig. 146 represents the hammer torujs, 
which pick up work having holes, the points 
entering into the holes ; 147 is a form of pliers, 
the jaws Wing often veed as in 148, and the 
space behind serving tlie same purpose as that 
in 146. Fig. 148 is the hollow bit longs, for 
gripping circular bars ; and 150 and 151 are 
fbU-hit tongs of two kinds, with edges turned up 
to retain bars sideways. 

All these tongs aiv handled like 140 and 141, 
though the handles are not completed in the 
rest of the illustrations. As tin* grip of the 
smith would not be strong enough to hold them 
in close contact around the woik, they are 
tightened by a ring, A 1140], driven over the 
handles w'itn a hammer. The ring is termed 
the reins, or the coupler. 

Forging Operations. The processes of 
forging may bo elas.sifi(?d broadly as follow : 
l>rawing down, upsetting, Ending, jmnehing, 
welding, all of which w'e shall consider in tuin. 

Drawing Down. As from a piece of bar 
or rod of uniform dimensions forgings have to 
be made with cross sections of different sizes, 
there are tw'o mt»thods of producing such differ- 
ences. One is by reduction from a larger to a 
smaller (drawing dt.wn), the other by enlarge- 
ment from a smaller portion (upsetting). The 
only alternative to these is welding pieces of 
different dinumsions together, but this method 
is reserved for some rather unusual cases, to be 
noticed presently. 

Drawing down is the ojieration which, when 
conditions are favourable to it, is universally 
adopted. The principal condition is generally a 
length not too great to bo reduced conveniently. 
For example, while 152 and 153 are suitable 
eases for reduction, the relative lengths of the 
sections have to ho consideml. Work is on the 
border lino when there is a much greater length, 
B, to be drawn down from the bar of diameter 
A [162]. If the pi^rtion i> were, say, several feet 
\a leng^, the methtxl of drawing down would be 
rpry smom adopted, because of the amount of 
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work it would entail, though the forging would 
bo none the worse, but better for hammering. 
Fig. 153 is an excellent ease for drawing down. 

Power Hammer Work. But a most 
important governing condition which often 
decides the smith to draw down a greater 
proportionate length than 152, is the posses- 
sion of a power hammer. T^ere is a vast 
difference in inducing laboriously on the anvil 
by fullering tools and sh^dge, and doing the same 
work under a steam or drop hammer with a 
falling weight mciisured in tons. Where such 
are available, the smiths use up any odd chunks 
of me (ill and reduce them how they choose, 
often drawing down ends from 3-in. or 4-m. pieces 
of bars, to 1 in or less at a single heat. The work 
is easy and simple, being condned to turning the 
pieces about between the hammer blows. But, 
obviously, there is a limit to this. Suppose that 
an enlarg('d end, 6 in. long has to terminate a 
rod 20 ft. long, it would be practically impossible 
to reduce such a length, or anything approaching 
it, so that drawing down is then out of the 
question. 

Another governing condition is the shape of 
the enlai*ge(l (*nd. In 162 and 153 there is no 
difference in the sluipes ot the larger and smaller 
parts. There are cliff(*rences in 164, 155, and 
156; and 154 is on (he border line. Its flat 
foot A, and bosses B and C, are not so very 
greatly different in section but that they might 
Im? formed by upsetting, nor are the k*ngths of 
the stems so great but that Uioy may easily be 
formed by drawing down from bar of the size 
of B, 0, with a little upsetting for A. But when 
there is much differc*n(*e, as, say, in a tie-rod witli 
eyes il561, or a valve bridle [156], the making 
of th<» eyes has to be considered avS of more 
importance than the jilnin rod. As a general 
rule, with very few exceptions, such eyes are 
made distinct and separate from th(*ir rods, and 
weld<*d on to thc*m. But (his also dejiends on 
proportions, materials used, and on facilities 
afforded by iiower appliances ; 156 would, if 
made in steel in stamps, be made by drawing'^ 
down. 

If eyc*s ai*e of small diameter, and the rod 
short, then they are mode from one piece, the 
rod being drawn down. If the eye is large, and 
the rod short, the job is on the border lino where 
different iiu'thods might be selected. If the 
rod be veiy long, say several feet, then a separate 
plain rod is taken for that, and welded to the eye 
previously forged separately. 

Another rendition is that of work having 
arms standing out at right, or nearly right, 
angles. To draw down such pieces, the bar must 
be slit, forked, and opened out. This is often 
done, but, generally, welding is preferable- The 
foregoing are typical of many groups of work 
that occur in tlie smithy. 

Iron and Steel. Whether a forging be 
made in iron or in steel must often determine 
the preference for one method ov^ another. H 
appUes particulariy to welding. Welds in iron 
are, with the exercise of reasonable oare^ ae safe 
os solid metal.' Those in steel are not so reliable, 
and the risks increase rapidly , with blgh^ 
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contents of carbon. Many engineers will not 
have steel welds at all, or if they do, they only 
allow them a moderate percentage of the 
strength of the solid bar. The fibrous character 
of iron is eminently favourable to welding, but 
from other x^oints of view it has its drawbacks, 
some of which we must now notice. 

If a bar of steel be used for a forging, the 
smith need take no account of Hhre. That is, 
he can cut it, punch it, and work it to any 
I’equircd shape, knowing well that its strength 
will be alike in every direction. But in working 
iron lie ha.s to take* account of the direction of 
the fibre of llie iron almost as much as tho 
carpenter has to consid<'r the grain of the timber 
he uses. Failing to do this, there are many 
forgings, the shape of winch is such that they 
would open out or fracture, through the short 
fibre, when suhiocted to woiking stresses. A 
hundred examples might he selected, but a 
common loop, or eye [155 and 156], illustrates 
the idea excellently. 

Such eyes, if made in steel, arc produced hy 
punching a hole and slightly enlarging it by drift- 
ing. But if x^unclu'd in iron the fibre would be 
short at A, and tlie chances arc that the eye would 
ojien out or fracture at A, and tlie risk would ho 
the greatiT because the launching and drifting 
Avould have tended to separate the fibres lh(*i*e. 
The poorer the quality of the iron, too, the 
greater would he the risk. 8uoh an eye, it made 
in iron, w'ould have to lie produced by bending 
rod round, and Avoiding. Them tho fibre would 
run round the eye, and would he unbroken 
and of equal strength everywhere. 

Fullering. Jlrawing down is done by 
direct hammer blows, which nu'thod is, however, 
suitable only when the reduction is slight in 
amount. More commonly it is elTeclod by the 
|)roccs8 termed fnlUring^ which effects more 
rapid reduction by a series of hammer blows 
dealt by the fullers or tools with convex edges, 
as in 157. The result is that tho surfaces ot the 
bar are indented with a aeries of corrugations, 
being at the same time reduced rapidly in thick- 
ness. When the greater part of tho reduction 
has been effected in this way, tho ridges are 
obliterated, and the surface smoothed level, and 
finished with flatters [160]. 

The foregoing is merely a bald statement of 
the work of fullering, which varies in different 
kinds of objects. When a piece of bar of rect- 
angular section is being thus reduced, the 
smith turns it about from faces to edges 
alternately, so effecting reductions at right 
angles, instead of working on faces first and 
edges afterwards. ^ 

Tools for Fullering. When work is 
being fullered on the anvil, tho bottom fuller 
may be just like the top one [157], in which 
ease the reduction is effected on opposite faces 
of the bar. The bottom one is then generally 
an anvil fuller [129], so called because it is 
fitted in the hole in the anvil similarlv to the 
anvil stake. Often, however, the work is laid 
directly on the anvil, a* dt' fullered on the top 
face only [158]. This would always be done 
when one face of the forging was flat — that is. 


without a boss or other projection standing up 
therefrom. 

In drawing down an object of circular section, 
the fullers arc seldhm used, but tho hammers 
only, from start to finish, because less labour is 
required to reduce such a section than one having 
flats. Where a power hammer is available, re- 
duction is easily effected between tho flat faces 
of the tup and anvil, turning the work about 
between each tw'o or three blows [159] to present 
fresh edgc.s, and so effect the reduction uniformly. 
Very often these reductions arc effected in dies, 
to Avhich w c shall come presently. 

Fig. 160 illustrates the finishing of a surface 
previously fullered, with a flatter, or sett hammer, 
on the anvil ; 161 shows a circular rod being 
finished l.ictuocn toy) and bottom swages, also 
on the anvil, for which spring swages [134 to 137] 
might alternatively he cmxiloycd, or the edge of 
the swage block [138] and a toj) swage. In 
162 anotlior method of fulh^ring under tho steam 
hammer is shown, a round rod being used to 
effect tho fullering, struck by the tup. 

Upsetting. This is the general alternative 
to drawing down, and the conditions suitable 
for its cmi^ioyment are tho reverse of those which 
wo have stated as being favourable to drawing 
down.' If a small enlargement be required at 
the end or central x)ortions of a bar, and not of 
(‘xcessive length, as at BC [154], that is a case 
for upsetting. It is not a desirable process in 
wrought iron, because it tends to open the 
fibres. 

'I'he term expresses literally the nature of the 
operation. A short heat, or localisiHl heat, is 
t.'iken only, over tho part to l)e enlarged, and the 
metal is thrust out laterally [163 and 164] — 
that is, upset by blows delivered on the end of 
the bar. These are given by up-ending tho bar 
on the anvil, or on the floor-plate, and bumping 
it up and down a number of times ; or, if too 
massive to be handled, it is laid horizontally 
on tho anvil, and blows are delivered on the end 
by a swinging monkey. This is suspended from 
a beam by a rope, and drawn back by helpers 
at another rope, and let go to make impact 
against the end of the bar. 

Obviously, the amount of lateral extension 
ossible is very limited. An extension of 1 in. 
ar to 2 in. over a length of 2 in. or 3 in. would 
be a very considerable quantity of upsetting to 
accomplish. So that this device is seldom 
adopted, excepting on short lengths, and then 
generally when the original size of bar is of good 
length—say 2 ft. or upwards. If shorter than 
this, drawing down is preferable. 

If much enlargement h& necessary, then the 
fibres should be closed and consoli^ted after- 
wards by hammering them at a welding heat. 
In iron it is generally preferable to resort to 
welding. 

An upset portion is always of rather irregular 
shape, and correction is necessoiy, if definite 
shapes are required. Thus the ooUar [165] CAh 
be produced from an upset mass by sul^quent 
swaging. But if two collars were requir^ [166] 
the work would be simplified hy welding the two 
on as rings, as shown, rather t|ian by upse^^aiig 
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and swaging. The article in 167 looks like a 
job for upsetting, but it is not so. The dis- 
crepancy in .stem and body is too great. The 
proper way to make this also is by welding the 
stem to the body, as in 168. 

Bending. This operation is constantly 
being done, generally alternating with other 
operations. Some jobs are practically “ all 
bending.” It is accomplished in nfany ways, 
and, with few exceptions, at a red heat. Some 
objects cannot be produced by bending, and then 
welding or some other device, such as stamping, 
is the alternative. 

Bending can be performed properly only 
when the radius or angle is such that the inner 
layers of metal are not crumpled, nor the outer 
ones attenuated. What hapjjeiis when a bar is 
bent is that the layers of the inner curve are 
squeezed into and occupy a shortcir distance, 
and the outer layers are extended and occupy 
a longer distfinee. Betwesm the zones of com- 
pressed and extondtHi fibres there is a layer — 
the neutral axis — where the fibres undergo 
neither change. 'Hiis, it is well to observe, is 
the zone on which the actual dimensions for 
curved work have to be measured. 

Limitations of Bending. Now, it is 
easy to see that iron and sU^el are only capable 
of moderate compression and extension ; sicxjl 
more than iron, hut limits are set to l)oth. 
The greater the distance between the neutral 
axis and the extreme edges, the harder will 
be the work of h('nding, and greater the 
amount of crumpling and stretching. Thus 
the bar [169] would Ih> easily bent to an acute 
angle as shown. h\it the broad, Hat web of 
the bell crank lever 1 170] would b(^ very difficult 
to bend, and should preferably be formed by 
welding two w^bs at right angles. 

Bending is often preceded by division of a 
bar. Thus, 171 to 173 represent three successive 
preliminary sta^yes in the making of a forked end. 
In 171 the bar to be used is divided f?*om opposih? 
faces with the hot sett fl25] ; in 172 it has Ixicn 
partly opened out; in 173 spread out more, but 
without nicking of the fibre at the root. TTien 
in 174 it is finished by hammering round the 
form A held in the anvil (or other equivalent 
fastening). Other examples of aids to bending 
•on the anvil are 175, a block for short radii ; 
176, a block for turning complete rings, done 
alternatively on the anvil beak [177]; and a 
block [178] for bending bars to angles; 179 is 
the conical stand for bending rings. 

The methods of bending are therefore varied. 
Bars are bent by pulling them roimd mandrels 
with the tongs or the hands, or by hammering, 
or pulling and hammering alternately. Mandrels 
are any loose rods selected of the size required 
for a given radius, and arc often held in the hand. 
Often they are specially made to tit in the hole 
of the anvil. The holes in the sw^age block serve 
as leverages for bending bars inserted therein. 
The anvit beak is utilisS as a mandrel. Many 
bending blocks are^made ^for special jobs, used 
apart from the , pother hammers, or with them, 
llxe shop conical mandrel stand is used for 
bending lai|^ radii and rings. 


Welding. The ability to unite two pieces 
of wrought iron or steel at a white heat is work 
peculiar to the smithy. This property is invalu- 
able both from constructive and economical 
points of view. It would be extremely difficult 
to manufacture some classes of objects without 
this aid ; it would increase the cost greatly in 
a larger numl)er of cases. 

The difference between welding and soldering, 
or brazing, the operations which it most re- 
sembles, are that these are effected by a cement- 
ing material applied between cold surfaces, while 
welding is an autogenous process in which sur- 
faces are united by impact or pressure while in a 
semi-fused condition. A good weld is as strong 
as the unwelded portions. 

The forms of welds are varied with the shapes 
and relations of the parts to be united. They in- 
clude the scarfed form, the best and most common ; 
the bvlt, least satisfactory unless the surfaces 
united are of good area ; the ?;ec, and its allied 
form, the glut. In any weld joint the expulsion 
of the scale is an essential object, and so wo 
find that certain precautions are taken in making 
the joints, the reasons for which would not be 
understood by a beginner. 

The Scarf Joint. Fig. 180 shows two 
ends prepared by scarfing for this form of weld, 
'rhere are three points to notice — the length of 
the scarfing, the upsetting, and the convexity of 
the opposed faces. The length is projx^rly about 
that shown. A shorter scarf gives less holding 
area, and in a much longer one there is risk of 
some of the scale remaining entangled in the 
joint. The upsetting, or enlargement, is imparted 
in order to give excess of metal over that of the 
body of the bar. If this were not done the 
welded part would be smaller when finished 
than the rest of the bar, and therefore weakened 
and unsightly. The convexity is imparted to 
cause any scale present to bo squeezed out by 
the act of welding. Fig. 181 shows the appear- 
ance of the joint after it has been closed, and 
182 after it has been swaged and finished neatly. 

The Butt Weld. This [183] is, as its 
name implies, a weld in which two surfaces, 
cither quite flat or slightly convex, are brought 
into opposition and welded. The process when 
applied to flat surfaces is often termed dabbing 
on. Bosses are welded thus to plated portions 
to avoid the lalx>ur of drawing down the plated 
part from the boss. Rods and bars are welded 
at right and other angles by this form of joint, 
alternatively to the vee and scarf. The same 
precautions are taken as in making the ordinary 
scarfed joint. 

The Vee Weld. A voe weld [184] may 
be regarded as a double scarfed one. Its value 
lies chiefly in making joints at right or other 
angles rather than in straight lines. It is oon- 
sidered more reliable than a plain scarf, but i» 
not so quickly made, and is not employed to so 
great an extent. The upsetting and the con- 
vexity of the meeting faces are embodied as in 
the scarfed form. Fig. l84 joins two bars in 
line, 186 two at right angles ; 186 is a common 
alternative showing the preparation for one form 
of scarf weld at right angjbs, where both the 
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upsetting and convexity are embodied ; 1B7 
shows the usual way in which an end is upset 
for a scarfed joint. The bar is held at an angle 
across the edge of the anvil and spread out by 
blows on the fullering tool. Afterwards it is 
smoothed by hammer blows. 

The Glut Weld, A glut weld [188 and 
189] is a variety of the vee. It is, however, 
employed more by boilermakers than by smiths. 
The latt<?r use it chiefly in welding up rings of 
rectangular cross section, but it is alternative 
to a scarfed joint. 

Precautions. The precautions to be taken 
in welding are few in number but very essential, 
as follow. 

The heat for welding must be graded accord- 
ing to the material. Iron may be, and is gener- 
ally, raised to a lieat so white that globules 
of metal drop from it as it is taken from 
the fire to the anvil. But such a t-emperature 
would ruin steel by producing burning or oxi- 
dation. A full white heat is the limit for 
steel. There must be no scale (oxide) or dirt 
present on the faces to be united. ITiereforo, 
the heat must be taken in a hollow tire away 
from contact with coal. Sand or other flux 
18 dusted on the metal in the fire before it 
is removed to tlie anvil. A file is often brought 
into requisition to remove scale. Sand is dusted 
on the work at the anvil, and over the anvil 


on which it is laid to be welded. All these pre* 
cautions are more essential with steel than with 

The closing of the weld must be done quicUy^ 
and with light rather than heavy blows. Goner- 
ally the hand hammer only is used, the sledge 
following after, or being reserved only for massive 
work, if the weld bo not closed in about the 
first eight or ten seconds, no amount of subse- 
quent hammering will make it good, because the 
necessary heat will be absent. A weld can be 
made only when the surfaces in contact are 
nearly at fusing point. Afterwards the jointed 
I)ortion is finished neatly at leisure. 

Punching. A good deal of forging involves 
the making of holes by driving a punch through 
the metal and enlarging the same laterally — drift- 
i 7 ig. The operations are, therefore, distinct, 
though often employed on one piece. Thus a 
large hole cannot bo formtKl by punching alone 
apart from power aids. The practice at the forge, 
therefore, is to punch a small hole, say, of ^ in. 
or 1 in. diameter, and enlarge it by driving 
tapered drifts through it. 

Obviously, a process of drifting has to be 
employed carefully, bearing in mind the remarks 
already made re.si)eeting the opening out of the 
fibres by upsetting, and the short fibre in some 
shapes. Thus the eye in a previous illustration 
[ 156 ] w'ould not be a suitable article for forma- 
tion by punching and drift- 
ing ; but it would be much 
worse if made in iron than 
in steel, because steel has no 
diff(^renco in fibre. Another 
reason is that steel has from 
throe to four times the duc- 
tility of iron, and will there- 
fore endure as much more 
stretching. These are points 
that have a very important 
bearing on the selectitu of 
iron and steel for a given job. 
The use of mild steel, highly 
ductile, has changed much of 
the work of the smith, lessen- 
ing welding and multiplying 
the forma that can be pro- 
duced by the aids of punemng 
and drifting. Fig. 156 would 
very well be made in steel if 
the hole were punched out at 
once, nearly or quite, to full 
size. But it would be bad in 
iron because of the short fibre 
at A, and worse still if drifted. 
The same remarks apply ina 
slightly less degree to 155. 
Btit 154 would be an excellent 
case for punching and drifting. 

Proper fimployment of 
Punching. The proper place 
of punching and drifting 
operations, therefore, is in the 
smaller eyes and bossed ends, 
and if in steel, the larger ones 
also. The effects of exoe^ve 
extension of fibre in steel can 
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bo largely counteraoted by oompression in the 
contrary direction, work which is best done 
in dies coercing the outside. 

'Hie methods of punching and drifting at the 
anvil are as follow. 

The piece of work to be punched, being brought 
to a white or full red heat, is laid upon a bohter — 
a ring with a hole in it for the punching or burr 
to fall into. The punch, generally handled by 
withy rods, or iron rods, is driven by a sledge. 
If the work be shallow the punch will go riglit 
through ; if not, the work must be turned over 
and the punch driven from both sides, meeting 
in the middle. If the mass of the boss be small, 
it will be enlarged by the act of punching, and 
will have to be corrected subsequently. If 
large, the metal will not yield sensibly in the 
lateral direction. 

Drifting. Drifting means the insertion of 
tapered drifts made in sizes required. Thesis are 
driven through with a hammer, successive ones 
being inserted until the required dimensions 
are obtained. Reheating may have to be done, 
because drifting stress«js the material severely, 
and must, therefore, not. l)e done except at a g(X)d 
red heat. Generally the outside is corrected 
with hollow swages \irhile the drift remains 
in its hole, and this consolidates as well as im- 
parts a neat finish to the bossed portion. 

Die Forging or Stamping. ITitherto we 
have considcrcxl the work done at the anvil by 
methods that vary little in the hands of the 
country smith or the engine smith in the factory. 
But this is becoming a rapidly lessening volume, 
invaded by the work of the dies and power 
hammers. The subject is a wide one, and the 
practice is greatly subdivided now, being alike 
adaptable to the preparation of a few similar 
forgings or of thousands. W ork may also be done 
partly at the^nvil and partly in dies, or wholly in 
dies. A big piece may require two or more heats 
for its completion, or three or four small pieces 
may be forged at one heat. A good many different 
types of hammers and of forging presses are 
us^ in this work, actuatetl by steam, belt, boai*d, 
compressed air, and water. Some sliops will have 
but one hammer or press, others will number a 
hundred or more. The work has become of a 
cut and dried character, and grows more highly 
specialised constantly. 

Removal of Fin. The principles of die 
forging are simple enough ; the details tend 
to increase in complication. One difficulty 
lies in the formation of fin. That is, if a liunp 
of metal be squeezed between dies, the surplus 
material becomes squeezed out between the 
joints of the dies, and forms fin. This has to 
be got rid of. There are two ways of doing 
so, depending on the shape of the forging. 
One is by obuteration, the other by cutting off 
in stripping dies. The first is suitable only 
for pieces that can be turned about in the 
dies, and fhese are only those of circular and 
squm sections. Thus, in 190, a bar is in 
CQuri^ of reduction between dies, but the 
dies caxmot close and finish the bar to the 
circular form because of the extension of the 
fin into the joints. But if the bar be turned 
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round as in 191, the fin will bo obliterated by 
being squeezed into the body of metal. More 
fin, but H less amount will form, of course, in 
the joints, but by turning the bar round con- 
stantly during the time it is lieing reduced the 
fin will be obliterated as rapidly as it is formed, 
and a truly circular sliape will result. This fai^t 
also explains why in simple circular dies square 
edges are not necessary or even desirable, blit 
a slight convexity is usually inijiarted as being 
favourable to the expulsion of tin, and to the 
turning round of tlie bar [192'). There is enough 
of the circle left to ensure tlie production of a 
circular shape on the bar which is being rotated 
in the dies. Bolts are forged in quantity ih 
dies of this shape in the Ryder forging machine. 

Other Methods. But take any object 
that cannot he rotated, and the inevitabl(3 
formation of fin renders some other device for 
getting rid of it necessary. It may be re- 
moved either by a hand hammer, a few 
blows from which will detach it all round the 
hot forging, or, in a better system, by using 
stripping dies ; tlius, 193 shows a double-ended 
lever with the fin as formed around it during 
the act of forging. Tlie stripping die [194] has 
the same outlines as the recess in the forging 
die, and its lever. But it is pierced right through 
to those outlines, so that when the forging is 
hammered down into it, the forging drops 
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through, leaving the fin, A, upon the face. In 
aome forgings this stripping has to be repeated 
more than once. In another form of aie the 
fin is squeezed out sideways, and left on the 
forging, to be cut ofi at any subsequent time. 
The die faces are then eitlier recessed [195], or 
sloped [198], to receive the fin, the latter method 
being preferable. 

The question might be asked whether it is 
not possible to estimate the amount of metal 
required to produce a given forging 
without having an excess of fin. It 
is in forgings of some shapes, but not 
in others. When forgings are of 
tolerably uniform section throughout, 
fin may be reduced to a small amount. 

But when there are big variations in 
the dimensions of adjacent sections 
the formation of fin in the produc- 
tion of the smaller sections is unavoid- 
able. And when stripping dies arc 
used they arc arranged so that no 
appreciable amount of time is lost. 

They are either mounted alongside 
the formative dies under the same, 
hammer, or on a hammer close ad- 
jacent, so that tlic man can change 
the forging from one to another in 
a moment. 

Punching in Dies. This is 
done in several ways. In the 
engineers’ smithy a common de- 
vice is to use a guide plate for 
the punch, eithcT dowellcd on 
the die, or dropped within it 
over the forging as in A 
[197]. The pum^h is then 
bound to produce a <?entral 
hole. The next [ 198] 
shows a drift being driven 
through a hole without 
effecting much enlarg(N 
ment. A- is the bolster. 

Fig. 199 shows punches, a ( 1 , 
embodied in the dies them- 
selves, which is generally 
done when the work is 
produced in large quantities. Fig. 200 shows a 
pair of dies that fit with dovetails into both 
anvil and tup. 

Figs. 201 to 204 are some examples of ©ngineem* 
dies. The point to note in these is that the 
complete forging is not included in the dies, but 
only bossed ends. A good deal of such work 
is done in engineers’ smithies. 

Stamping. In the regular stamping shops 
the anvil occupies no place in the scheme of opera- 
tions, but the hammers and dies arc ubiquitous. 
Fig. 206 illustrates an arrangement where small 
work is being done in quantity, the “ Brett ” 
system. This serves two drop hammers, to 
right and loft, under which two sets of work 
are being finished. There is also a trimming 
press for removing fin locally. Tlie arrange- 
ment shown enables two forgers to rough out 
at the central Lammci . leaving only the slight 
amount of finish to be done in the dies at the 
other hammers. In 205, A is a nicking or 


fullering die, B shows the broad forming dies, and 
0 the cutting -off dies. This enables a number 
of forgings to bo made from a long bar. 

There is, however, an importaB| difference 
besides that of the numbers require off given 
forgings. The articles made in stamping shops 
are mostly of small dimensions and, therefore, 
they are eminently suitable for wholesale 
treatment. But engineers’ forgings comprise 
many examples of massive work. Now, such 
artiedes are not adaptable to die forging, some 
special cases excepted, and they arc not wanted 
in largo numbers. For forgings of medium 
dimensions the method just mentioned is 
adopted. For some also the hydraulic press is 
usea, notably in the railway and waggon shops. 

One of the difficulties in dealing with heavy 
work is the massive character of the dies used. 
These arc made in cast iron or steel, neces- 
sarily massive and strong to withstand the 
impact of hammer blows, or the pressure of 
the hydraulic machines. Often they have 
to be hoojMid to prevent fracture. When a 
cast die gets much beyond 1.5 in. or 
18 in. across, it becomes awkward to 
handle, and liable to break unkjss 
designed in a very careful fashion. 
Dies. Cast dies are mostly re- 
served for relatively massive work. 
Small ones are generally cut out of 
solid steel. This is often a tedious 
operation, done in machines, or 
with chisel, hammer, and file. 
For forgings of intricate shapes 
they are (mostly, but if the ex- 
pense be spread over a 
large number of forgings, 
a die costing several pounds 
may cost only a fraction 
of a penny per forging 
made. 

The dies of the engine 
smithy are frequently in- 
dependent of the hammer 
on which they are used. 
The bottom die is simply 
laid on the anvil, and the 
top die laid over it, with the forging between, 
and is struck by the descent of the tup. But in 
the stamping shops the bottom die is attached to 
the anvil with set screws or with a dovetail, and 
the top one attached to the tup with a dovetail 
The smith then only has to manipulate the forg- 
ing with his hands. Generally, except in heavy 
machines, he regulates the vortical movements 
of the tup with one of his feet, operating a lever, 
so leaving his hands unfettered for the forging. 

A typical smithy is shown in 208. On the 
left are the forges, served by swinging jib cranes, 
on the right the anvils and steam hammers. 

Fig. 207 shows a pair of drop hammers for 
die forging, worked by lifters in a cylinder 
operated by steam or compressed air, moving 
a wing piston. The tup is hoisted to the 
desired height and then allowed to drop. Fig. 
208 is a hydraulic press, being more ^werful 
than the drop hammers. 

Continued 
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YY/E sfty that the character of a man cxprcaaos 
^ itself in his actions by means of his will. 
But this common mode of expression is scarcely 
adequate. It suggests that there is no will but 
such as leads to action ; in other words, it 
ignores all those aspects of character which 
restrain action. It totally ignores the trill-not- 
to. Wo must, therefore, modify the doctrine of 
the first sentence of this paragraph by omitting 
the three words, “ in his actions,” and making 
it nm thus : Tha character of a waii expresscH 
itaelj by means of his will, which has two aspects, 
negative ami positive. 

The Will-not-to. Now, the theoiy 
which the present writer would submit to 
the reader is tliat I he oldest and most funda- 
mental part of the will is that will-not-to which 
we are so apt to forgot. The reader will recall 
a pair of diagrams expressive of two stages of 
reflex action [page 21 17]. Do they not appear to 
suggest that the ( ssonee of will is not positive, 
but negat ive, is inhibition rather than command ? 
On this theory thends a certain reflex, or natural 
response, to all forms of stimulus. You feel hun- 
gry and eat, angiy and strike. The “natural 
man” thus tends ‘to lx; a reflex or impulsive 
man. Will, in the proiier sense, plays no 
more part in him than in the low'er animals ; 
but the educated man, who, in the adniirable 
phrase, is master of himself, lias reached a 
higher level. He is no longer a rcfh'X machin<\ 
He still experiences the natural tendency 
to respond to stimulus. But he has developed 
powers of inhibition which enable him to 
control his natural reflexes. Though angry, he 
may refrain from striking — whether from fear 
or magnanimity docs not matter for our present 
purpose. When hungiy he may refrain from 
(sating, nor does it inattiu’ whether his motive be 
fear of indigestion or the knowledge that ho is 
depriving another. At. any rate, in .such a man 
there has been evolved a power of wall which is 
not positive but negative, which is not really a 
power of commanding his body to do certain 
things, but a power of commanding it not to do 
certain things. 

“ Indomitable ’* Will. It is indeed that 
pow’er of inhibition which began to appear in 
the history of life directly then* was introduced 
into the nervous sysUuii that first complexity 
illustrated in the diagram to which w^e have 
referred. Let us quote again from Huxley s 
famous definition of the ideal of education : 
“ That man, I think, has had a liberal educa- 
tion . . . who, no stunted ascetic, is full 

of life and fire, but whoso passions are trained to 
come to heel by a vigorous will — the servant of 
a tender conscience.” 


Hero w'e see that will and vigour of will are 
n^garded as exhibiting themselves not in action, 
as that word is ordinarily understood, but in 
restraining from action, in self-control, or inhibi- 
tion. Thi.s subtle conceplion of will may seem 
unacceptable to some readers. When they 
.speak of a man of indomitable w'ill they do not 
mean tlm man wlio is master of himself, the 
man of whom Huxhy speaks ; they me:in a 
man of the ty])e of Napoleon, who will set 
before himself some ambition, and wade through 
blood to gain it. But the ]>Hych(dogist, who 
ha.H some kiiowb^dge- of mind in its diseased 
form, ha.s a v(My ditferent i‘stimato of such cases. 
Tt may he said that the majority of instancM's of 
so-called “ indomitable w'ill ” are really ease.s of 
loss of W’ill. A ])crson is consumed by an intense 
de.sire, by a lust of some kind, Avbother for pow lu* 
or for money, or for fame*, or for slaughter, or 
what not. Chven this d<*sire, which ho may 
himself despise and of which he may long to ho 
rid, all his actions become rctlex. Tfe is auto- 
matically urged to every course which favours liis 
end ; no consideration.s can re-strain him ; often 
he attains his end at a wdiolly disproportionato 
cost. The foolisli spectator d<^elar(‘a this to bo 
a c«a.sc of amazing will-x><>wcr. 

Desire Beyond Control. But here tho 
present writer may be permitted to s(d. dowm an 
analogy which lu^ has long been turning over in 
his mind. Take the case of a x)aticnt who .suffers 
from morphiiiomania. He knows that mor})hia 
will give him, for a tinier at any rate, ease of 
body or mimJ, or both. The ease is tho same 
with the slave of alcohol, cocaine, and many 
ot h(T dnig.s. No considerat ions w ill restrain such 
a ])atient. You may choose many memns in 
order to deter him. He may bo locked up, or 
be may have rendered bi.s skin so painful that tho 
injection of the drug causes agony ; lu^ may bo 
compelled to go long jourm^ys in order to obtain 
what he de.sires. His indomitable w ill, as foolisli 
pco))lo w’ould call it, will not be gaimsaid. 
Professor Ja UK'S quotes .such .s.ayings a.s this: 
“ Were a k(^g of rum in oik* corner of a room, iuid 
wcr (5 a cannon constantly discharging balls be- 
tween me and it, T could notn*frain from ])as.^ing 
before that cannon in order to get that rum.” 
“ If a bottle of brandy stood on oiuj hand, and 
the pit of hell yawned on the other, and I were 
(jonvinced 1 should be pulled in as sure as I took 
one glass, 1 could not refrain.” Tho professor 
also quotes the instance of a man who, 
“ w^hile und(*r treatment for inebriety, during 
four weeks secretly drank the alcohol from 
six jars containing morbid specimens. On 
asking him w'hy ho had committed this loath- 
some act, he replied : ‘ Sir, it is as impossible 
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for mo to control this diseased appetitt' «as it is 
for mo to control the pulsations of my heart.’ ” 

The •• Explosive Will.” Most amazing 
of all, perhaps, is the following, also quoted by 
Trofessor James, of an inebriate in an almshouse: 
“Within a few days he had devised various 
♦expedients to procure rum, hut faih'd. At 
length, however, h(^ hit upon one which w'as 
siioeossful. Ho went into tlu^ woodyard of the 
(•establishment, placed one hand upon the block, 
and with an axo in the other struck it off at a 
single blow. With the stumj) raised and stream- 
ing ho ran into the house and cried, “ (let some 
rum! (let some rum! M\ hand is off!” fn 
the confusion and bust le of the o(u.*asion a bowl of 
mm was brought, into which he plunged the 
bleeding member of his body, then raising the 
bowl to his mouth, drank freely, and exult ingly 
exclaimed, ‘ Now 1 am satisfied.’ ” 

Professor James quotes these cases as instances 
of what ho calls the erphsive will. The will, he 
says, may bo explosive either from defective in- 
hibition or from exaggerated impulsion. But 
it is (piite plain that (^ven in th<i eases we 
have quoted,' whi(di Professor James does not 
class as due to defective inhibition, it would bo 
ridiculous to sjjcak of such patients as having 
exceptional will-power. To credit with great 
will-power the man who struck off one hand in 
order to gain rum is to think sufx^rficially. The 
other patient had far bettor insight into his own 
pro(‘CSHt^s when, having obtained alcohol even 
under the most loatlisomo conditions, instead of 
priding liirnself on his will-power, he said, 
“ It is impossible for mo to control this diseased 
appotito.” 

Will and Motive. TJie (piestion, there- 
fore, arises liow far tho cases of what is com- 
monly regarded as great will-})Ower must not he 
regarded as the necessary consequences of an in- 
temso appetite of some kind ( 3 r another. Some- 
times tho appetite or motive- may be noble, 
so that a philanihropist will go through obloquy 
and discoui’agemerit in order 1 o gain his end. But 
this is not a case of will-power. Anyone else 
would do as he docs if he felt as keenly about 
the misery or injustic(^ in question. The driving 
power is not a strong will but the powerful motive. 
Or the appetite maybe vicious, suc.h as Napoleon’s 
appetite for power. Here, again, there is no 
quostioii of a strong will, but of an indomitable 
appetite, (liven such an appetite, true strength 
of will would show itself in conquering it. 

But the reader will reply that even in elTect- 
ing such a conquest there must he a motive, 
and this is indeed (rue. Tnhihition must have 
its motives just as much as permission or tlie 
refusal to inhibit. It follows, therefore, that 
tlio only wise sense in which we can speak of a 
strong Avill or a weak will is to employ these 
terms solely to indicate the degree of control 
which a higher nervous level has over a lower, 
or tlie degree to which one may postpone present 
ease or gratification for futun; happinC/Ss, or 
the degree in which lower motives are controlled 
by higher moiives ; in other words, will is inhibi- 
tion, and the only real 'wall is the ivill-iwl’to. 
Tlie previous wairds ot the wa'iter may perhaps be 
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quoted : “ In other words, I believe that the 
human ivill, volition as wc are c'onscious of it, 
is essentially not a positive but a negative thing, 
in the sense that a command is positive but 
jicrmission negative.” Action, on this view, is 
the result of permission given for a certain 
compb^x of what are really reflexes ; in other 
words, action is the result of a cessation or in- 
action of inhibition on tho part of tho highest 
centres. Tlu^y cease to restrain, and the result 
is action. On the other hand inaction (I do not 
mean inertia, but the power to^sit still, to hold 
tight when the horse runs away, to “ bido your 
time,” to be a still man in a blatant land) is the 
really (w-tive and truly volitional process, since 
it depends on the active and positive power of 
inhibition or control exerted by the higher 
centres upon the low'cr. 

Will and Disease. Tho theory that 
volition or will is ultimately inhibition, is sup- 
}>ortcd by tho facts of tho physiology of the 
iK^rv^ous 8ysi<an and especially by the remarkable 
fm^ts of many disease's which interfere with the 
coursi? of the nerve fibres of will from tho brain. 
We have 2 )re])ared a diagram in ordt^r to illustrate 
these facts. It repre- 
sents, very much out 
of scale, one of the 
P 3 a'amidal cells in the 
right motor area of 
the brain. From it 
there passes a long 
nerve fibre which, 
'with thousands like it, 
constitutes one of the 
main i)ath8 of volition. 
After crossing over 
the middle line, this 
fibre ends in close re- 
lation to a motor coll 
in the spinal cord, 
and from this there 
passes a fibre that 
goes to the muscle 
which straightens tho 
knee-joint. Now if 
you cross one leg ov(M’ 
tho other and tap the knee, tho leg is jerked 
sharply forwards. Tliis is known as the knee- 
jerk, and depends upon the activity of tho 
motor cells in the spinal cord, one of which we 
have drauvn. But if some injury occurs to the 
nerve libre of what is technically called the upper 
neuron^ such, for instaiic(.\ as a haemorrhage, at 
the point wi^ have marked X, tho knee-jerk is 
found t o be enormously (^xaggoral ed ; while at tho 
beginning of such an accidemt, wlicii the acti'vity 
of the upper neuron is increased by iiTitation, 
the knee-jerk may bo abolished altogether. These 
facts show that tho upper neuron constantly 
c.vcrcises an inhibitory action upon the knee. 
When this action is removed, (he lower neuron 
responds excessively to any stimulus. When it 
is increased tho lower neuron is prevented 
from responding at all. lliese explanations 
are iinivei’sally accepted. But what do they 
mean? Surely, that tho paths of volition are 
primarily paths of inhibition, as indeed our 
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knowlMge of the development of the nervous 
83rstem certainly teaches. In other words, 
we are compelled to believe that the same nerve- 
(rells and fibres can both restrain the knee-jerk 
and, at will, straighten the knee — ojin prevent 
the extensor muscle of the knee from acting 
or can permit, it to act. The probability 
w’ould appear to be that the real action is the 
restraining action, and that “at any rate at first, 
when the brain centre came to command tlio 
spinal centre to act, all it really did was to refrain 
from the customary restraint — it did not com- 
rmnd 80 much as 'permit.^' 

The Doctrine of “ Free-will.” Most 
rOdders arc familiar, no doubt, with the old 
quarrel regarding “ free-will and nceessitv ” 
Most eontrovorsios fire engendered by misunder- 
standing, and especially by the attachment 
of ditTcrent meaning.^ to terms which are supposed 
to liavo but one nu^aning. This controversy is 
a conspicuous instance. TIk^ upholders of free- 
will arc supposed hy their Of)])onents to assort 
that the will is indi'ipendent of all eaust^s, whether 
causes present in the individual’s inheritance 
or eaiisos in the environment. The fisaerl ion of 
freedom of the will is sup])Osed to meun that the 
ivill is arbitrary and uncaused. Put in this 
way tlio doctrine of free-will is an obvdous 
absurdity. 

The upholders of the doctrine of necessity, 
on the other liand, arc supposed by their oppo- 
nents to assert that human volitions and a.(‘tions 
aro necessary and inevitable. This doctrine 
is equally absurd as commonly understood, 
for it amounts to declaring that there is no su(*h 
thing as will, or, as tlu^ present writer would 
I)ref('r to say, no such thing as inhibition 
or self-control. This doctrine is obviously 
“inconsistent with everyone’s instinctive eon- 
seiousnoss, as well as humiliating to the 
pride, and even degrading to the moral nature 
of man.” 

TiCt us see now whether it is not possible for 
psychology to give an answ(a*to this question in 
a manner which can scarcely be misinterpreted 
and which will be acknowledged by both parlies. 

Action is Never Uncontrollable. 
Perhaps the wisest discussion of this subject 
is to be found in the brief chapter “ Of liberty 
and necessity ” in the last book of Mill’s great 
“ System of Logic.” Though Mill employs the 
word “ necessity,” he strongly feels how unsuit- 
able it is. He says that certain errors, for 
instance, “ would bo prevented by forbearing to 
employ, for the expression of the simple fact of 
causation, so extremely inappropriate a term as 
necessity. That ivord in its other acceptations 
involves much more than mere uniformity of 
sequence ; it implies irresistibleness. . . . 

The causes, therefore, on which action depends 
aro never uncontrollable, and any given efftret is 
only necessary provided that the causes tending 
to produce it aro not controlled. . . . But to 

call this by the name necessity is to use the term 
in a sense so different from its primitive and 
familiar meaning, from that which it bears in 
the commonest occasions of life, as to amount 
almost to a play upon words.” 


Fatalism.” The consequence of this play 
upon words is that psychologists, and men of 
science generally, are declared on this question 
to be fatalists. But “ a fatalist believe.s, or half 
believes (for nobody is a consistent fatalist) not 
only that whatever is about to haj)X)en will b (5 
the infallible result of the causes which produce 
it (which is a true necessarian doctrine), but. 
moreover, that there is no use in struggling 
against it ; that it will ha])pen however we 
may strive to prevent it.” But this no saiu^ 
psychologist believes, and since the term 
“necessity” is extreunely liable to be con- 
fused with fatalism — the doctrine that will 
and eharaet(?r are impotent or mythical — 
it is much bolter for us to avoid the term 
altogether. 

The doctrine held by psychology is much better 
called determinism ; and this w'ord has now veiy 
nearly ousted its predecessors. By determinism 
is meant the doctrine that human actions are 
determined by causes. Strictly speaking, that 
is axil. It is a mere applicaition in th»i reailm of 
will of the philosopliie and scientific doctrine that 
caxusation is universail. In general, determinism 
goe.s on to saiy that aill the caxuses which <let(‘r- 
mine hinn.an action maty he gathered under 
two heads — heredity amd environment. To (juoto 
Mill once more, the doctrine is this: “Tiiail, 
given the motivc\s which axre present to an iiidi- 
vidual's mind, and given likewise the ehanveter 
and the disposition of the individual, the manner 
in which he will act may be unerringly inferred ; 
that if w'c kmw the person thoroughly, and knew 
all the inducements w'hich are acting upon him, 
we (!Ould foretell his conduct with as much 
certainty as we can predict any physical event. 
This proposition [ take to be a mere inter- 
pretation of universal expiuience, a statement 
in words of what (wcTyone is internally con- 
vinced.” 

What is Environment ? The e.'uises 
due to heredity n(H‘d no furtluT comimuit, 
but the use of the word environment must 
be explained. We mean hy it. very much 
more than Lamarck nu‘ant w'hen he first 
introduced the phrastj milieu envi ronwinl. W(> 
mean the whole of education —physical, mental, 
and moral. Further, we recognise abundantly 
that past environment profoundly afft‘cts cha- 
racter, especially in respe(!t of the formation of 
habits, so that w^e react to present environ- 
ment very differently in consequence. It is 
not true to say of a man “ his character is 
formed for him and not by him.” Our own 
desire to mould our ehaiacter in a particular 
way is itself om^ of the most influent ial factors 
in determining it-. 

Again, if tlu; word free be sanely used in this 
controversy, the psychologist can readily admit 
that the w ill is free. But it is a <mrious fact that, 
just as the word necessity has been used, in 
this connection, in un entirely special and 
arbitrary sense, so the. word /rec, here used, 
bears a special meaning which would be regarded 
as absurd in any other connection. Indeed, 
tbcTC aro three distinct senses in which the word 
has boon used. 
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Sometimes by free-will it is meant to assert 
that the will is imU* pendent of all causes — 
internal and external — and that, to choose, 
a case, whc*n a man is alToet/cd solfhf by two 
motiv(‘s, one weak and the other strong, he can 
r(‘fiise the stronger. 

Secondly, by the assertion of free-will it is 
sonuitimes meant, to assert that man is rational, 
while the lower animals are instinctive ; that, 
instead of acting rt‘(h‘xly and immediately, as if 
only th(i present wen* of conse(|iienee, man has 
freedom to control himself and follow remote 
instead of merely imnuidiate ends, tint, after all, 
this sim])ly means that man has developed the 
power of inhibition. 

Thirdly, a sp(‘eiaUy moral meaning is attached 
to the phrase, and it is a.sserted that man is abh^ 
tf> Suppn'ss his loAver nat are hy his higher nature. 
This, of course, no one (piestioms. Ibit .surt‘ly tln^ 
use of the term frtHvwill in older to indicate these 
special eases of inhibition is most misliauling. 

We Are Not Fatalists. Philosophically, 
some of us may rc^jc^et determinism, but this 
is only because we do not ]iro])orly under- 
stand it. When it comes to matters of prac- 
tice, vv(‘ never for a moment swerve from a 
constant and abiding faith in this do(;trine. We 
<*xtol and j)ractisc^ mitral education because we 
know that the will is determined for good by the 
formation of good habits, (he avoidance of evil 
on(‘s, the provision of a moral environment, the 
iiieiihwition of s<‘lf-respect — and so on. We are 
anything hut fatalists. Fatalism, translated into 
biological language*, would be an assertion that, 
her(‘(Jity settled everything — tluit human cha- 
racter w'as given once and for all at birth, and 
would show its(*lf in certain ways, any moditiea- 
tions of the environment notwithstanding. Put 
that, of eoiir.se, is precisely w hat deterministsdo 
not believe. 'Diey r(*alise that the w ill of others — 
par(*iits, fri<*n(ls, teaeh(*rs, and soeie^ty in general 
— can be brought to l)<*ar upon the inborn ten- 
dencies of any iiidivitlual so as to modify them 
})rofoundly. This they may do in many ways ; 
as, for instance, by generating within him a 
de.sire for s(*lf-modilieation or a desire to earn 
their sympathy or respect or goodwill. In such 
way.s his eharaet(‘r is modified and determined 
to a (juite incalculable degree. To dt*ny 
determinism is to assert that education i.s 
impotcuil to modify human action. 


A Feeling of Moral Freedom. It is 

to be hoped that we have done something to 
clear up the confusion that constantly sur- 
rounds this subject. Combatants of both parties, 
the reader will now understand, have seen 
certain aspects of the truth. If this*were not 
so, the (iontroviTsy could searcc'ly have laslc^d 
so long. The so-called necessarians have se<m 
that human action is modilied by character 
and eireumstanees, and have thought it idle 
for tluMi* o})ponents to a.s.sert — as has some- 
times been asserted foolishly — that the will is 
above all these forces. The libertarians have 
seen the equally certain truth that occasions 
constantly arise when the ego or self is conscious 
of a powder of (^lioice and of being drawn this way 
and that. Tlu*re is what St. Paul described as a. 
^var within one’s members. We have a fooling of 
moral freedom, and it is idle for the m^eessarians 
to deny it. It is a first-hand fact of consciousness, 
and cannot he questioned. Seit*ntific* determinism 
ree.ognis(*s this truth ; it admits the potency of 
this ])ower of ehoieii ; it admits the existence of 
the feeling of freedom ; hut it reserves to itself 
the right to tniee thest* to their anteet>dent 
eau.'^es in heredity and environment. 

** Judge Not.” In a brief eourso such as 
this it is possible only to attempt to inUirost 
and Htiimdatt'. the reader. If we have siic- 
eeed<*d, many (pieslions will arise in his 
mind to which we cannot here attempt an 
answer. What, for instance, does determinism 
make of sueli terms as merit, credit, responsi- 
bility ? What is ils judgment upon jjraise and 
blame, reward and punishment ? These are groat 
quest io?is, and worthy of grave consideration. 
We should show ourselves unconscious of their 
im|)ortane(* if we W(U(^ to attempt to deal with 
Ihtm in a peifunetory fashion. Merely let it 
be noted that determinism can bo shown to bo 
not in<H)nsisterit with a recognition of the prac- 
tical value - ind(*ed, tin; deterministic value -of 
prai.se and blanu*, punishment and reward. As 
for ])ronounring iiltiTnate judgments upon merit 
and upon demerit, determinism bids us hold our 
peace. It l(*afls to a large and charitable est irnate 
of human life. It supports the command, “ Judge 
not," and it strongly inclines us t owards the trutli 
of that profoTinci and beautiful saying, “ tout 
com prendre c^'est tout pardonner” — to under- 
stand everything is to pardon everything. 


Continued 
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By Professor JAMES LONG 


FARM BUILDING^ 

Tho English homestead is in the great majority 
of instances still of inadequate formation. In 
the past tho custom was to build in the form of 
a quadrangle or square, the house facing the 
manure yard, around throe sides of ^^^h\c\l 
the barn, stables, and cattle buildings were 
constructed, "riiis method was not. a contri- 
bution to a healthy surrounding, however it 
might have facilitated the farmer’s praetice of 
watching both his men and his stock. VVhatevfU- 
the result on this score, the house should bt^built 
(piito apart; from tho livestock and the manure 
yard, and still further from the dairy — which 
should not even adjoin the house, inasmuch as 
danger may follow the presence of sickness — 
and the water supply, which should bo beyond 
suspicion, and therefore far removed from soil 
contaminated by both manure and sewage. 

The American Practice. Tho buildings 
of the farm may be constructed either in detail 
or on bloc [see |)ag(! 25]. In America it is a 
common and growing practice to erect round 
buildings which provide for almost, all the 
requirements of the farm, a silo being in the 
centre, while the livestock are stalled in one or 
two circular or semicircular sets of standi ng.<, 
leaving room for tho storage of food, implements, 
machinery, and practically all that is necessary. 
In this, as in ot her countries too, farm buildings 
of rectangular form are in some cases employecl. 
One such building w'O may instance. It is of 
brick and slato, with a platform for hay or straw 
at each end ; behind the jilatforms are granaries 
and stores for food, while beneath these arc a 
cart-shed, some loose-boxes, the eiigine-liousc, 
and the milk-cooling house. The spaces under tho 
platform at one end of the building arc occupied 
by the dairy cows, their standing.-; being ranged 
crosswise, while the horses arc stalled under 
the platform at the other end. On one side of 
the building are ranges of boxes, while sliding 
doors are fitU^d in the centre of each side, so that 
w'aggons, carts, or a tlireshing machine can pass 
through. Right and left of the passage through 
the centre are spaces for the storage of corn, hay, 
or straw, Ibis part of the building being 
practically a covered barn. Sucli a building 
thus provides for all contingeneies but the 
sheltering of the implements and machinery 
of tho farm, yet even these may occupy it at 
all times when it is not filled with the crops 
which have been mentioned. For some reason 
not always easy to understand, landowners, 
agents, farmers, and architects prefer separate 
buildings for each purpose, with tho result 
that the expense involved is considerable, and 
the advantages very often most questionable. 


Selection of the Site. Tt is important to 
remember that stock building.^ should face 
the south, the sun having a purifying influence 
as marked as ventilat ion. TIu^ biiilding.-i shoidd 
be in a fairly liigh situation in order to ensures 
their dry condition, and for the purpose of 
providing natural drainngo. Sometimes, too, 
where tlio water-supply is at the liomestcad, 
its conveyance by gravitation to other parts 
('f the farm is facilitated. Again, as the carting 
of manure involvi^s considerable labour, it is 
Avcll that it should travel downhill. As far as 
po.ssihle, too, the liomcstead should he eipial 
in distance from all ])arts of llu' farm, otherwise 
the furthest tii'lds olitain the smallest (pianiity 
of manure and the least attention. It should 
be near good pasture land in older that cow's, 
horses, and swine may bo turned out w'ith gicat 
frequency and therefore \vith great advantag(\ 
Those who have visited TTollaiid may have 
remark(‘d upon the simplicify of the homesteads, 
which are ihort^ so commonly constructed in the 
form of a single building, although the dwelling 
almost invariably forms part of it, and this is 
its chief defect. Again, it is inqiortant that 
tho road or roads to tho homo, stead should ho 
broad and sound, tlu^ crown being higher 
than the sid(‘s and all well metalled and drained. 

Cattle Buildings. Buildings in(ende‘d for 
cattle should bo substantially built of brick, 
and their roofs slated or tiled, tiles being 
pre^fcrable, as they are^ cooler in summer and 
more easily repaireal. Tho floors may be made) 
of fiukd roncrete'i to give tho animals a firm 
footing, of grooved fire brick laid in cement, 
or, in the case of the) stalls, e)f chalk well levelled 
anel covered with beate‘n earth, wliich is easily 
repaire<l. 'I’he) house, or byie, inteaidcd for 
cows, which are preferably stalled in pairs, 
should he carefully planned. Fe^r each pair of 
COW'S a width of from 7 ft. to S ft. should he 
allow'ed, depe^nding upon their size, while the 
depth from the) manger, if a rnangew is supplied, 
to tlie edge) of the gutter should be from 5.1 ft. to 
7 ft. Some farmers jircfer stalls of the greater 
length, in which ease the immure falls ujion the 
floeir, w'hilc others ]>rcfe)r short stalls, with the 
result that the) hind feet stand upem the edge of 
tho glitter, and so the manure falls within it, 
keeping tho stall from being soiled. The gutter 
sheudd he from (3 in. to 8 in. deej), on the stall side*, 
and from 5 in. to fi in. deep on tlie passage side. 
It should bo from 12 in. to 15 in. wide3 with a fall 
to the end of the buildings, from which the liquid 
passes into tho drain and tank outside, which 
should be constructed for its reception and 
salvage. In tho older type of cow-houses there 
are wooden mangers with racks above for hay. 
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In a now building, however, it is preferable to 
abandon the rack and to construct the manger 
of seniicircular glazed fireclay. In this way 
cleanliness is practically ensured, while water 
can turned on for th(i cattle to drink if this 
bo found desirable. In some parts of England, 
however, no mangcirs are employed. The hay is 
placed on the paved floor in front of the cows, 
while the mixed foods are placed in small, 
well-painUid tubs cither direct from a barrow 
or a tranuiar which is wlicclcd along the passage 
in front of the*, animals, or, as in many cases, 
the tubs arc carried to th(^ feeding-house and 
there tilled and returned. Where cows sUind in 
a single row, the passage behind should be ft. 
in width, for it is here that the removal of the 
manunj and the cleaning of the gutters is con- 
<lu(ded. The passage* in front of the cows 
should be at least 4 ft. in width to enabU the 
feed(U- to })ass along with his food barnnv, or, 
wheu’e thii animals stand in two rows, head to 
head, it should be 0 ft., so that two men may 
simultaneously f(‘ed if necessary. 

VV^h(*re tlu^ cattle are fed for the butcher, 
separat is stalls for single or pairs arc unnecessary ; 
nor is so much s}){wm^ re({uisit(?. The animals 
are arranged so that as far as ))ossible they cannot- 
harm or rob' each otluu- of food, and therefore 
the smulUa’ and weakiu’ cattle? are never placed 
n(‘xt to the larger and stronger. Feeding, 
liowevor, is largely conducted in boxes, a con* 
veni(mt size b(?ing 10 ft. by 10 ft., but inasmuch 
fis the manure is not removed practically day 
by day, and as litter is constantly added, the 
floor rises, so that a depth of 2 ft. at least should 
be allowed in addition. 

Stables. Stal)les for farm hors(?s must be 
roomy, well ventilated, well drained, and well 
paved. The floors may be of concrete or fire- 
brick, but never paved with stones or soft 
bricks. A stall 0 ft. in width should be 
j)rovidcd for large horses, the floor sloping 
gradually to tin? shallow open gutter behind. 
This gutter, which should also have a fall, should 
convey the liquid to a drain outside the building, 
which, in its turn, sliould carry it to the liejuid 
inanun? tank. If of concrete, the stall floor 
should bo grooved as in the case of grooved 
firebricks in order to give the horses a firm 
foothold. Th(i stable should be 1(3 ft, to 18 ft. 
wide, providing plenty of passage room for 
large liorses and spaces for harness to hang on 
wall pegs, as well as for the corn bins and ot her 
necessary matiuials. The manger, which is 
l>otter made of iron than of wood, should be 
fl in. dee]) by 18 in. wide. If wood is employed 
it should be the hardest of oak. To admit 
pktnty of light there should be windows, at 
least 31 ft. s()uare, made to open witli ease ; 
but in any (*ase ventilators of the louvre pattern 
sliould bo provided and so arranged that the 
air should he both admitted and returned. 

Before constr«icting a piggery, it is well 
to examine somt' of the best of those known 
to exist, as many quite simple yet practical 
ideas will bo obtaineti. Where a number of 
pigs are kept, liowever, a brick and tile building 
may be provided with a passage from end 
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to end and sties on either side, the size varying 
with the size of the breed of pig kept. An inner 
door from the passage should bo provided 
for eacfli sty, together with a trough of fireclay 
or metal — this adjoining the passage so, that it 
can bo filled by the attendant under cover, 
the food being brought from the food house 
at one end of the building. An opening with 
a sliding door under control from the passage 
should bo provided between the sty and the 
courtyard outside. Both floors may be of 
concrete, or grooved firebrick, with a slight 
slope towards a central gutter, which in eacfli 
case should lead to the liquid manure tank 
already mentioned. [See pages 2370-1.] 

It is important in eonstnuiting a piggery 
to prevent the possibility of it being under- 
mined by rats. The food house should be sup- 
f)lied with a cojiper, or some equally convenient 
apparatus for cooking food, and with a tank for 
house- wash or food which it is intended to 
soak, whore the practice of allowing meal to 
ferment in w.ater is adopted. Metal bins ar<i 
also essential for the protection and jireservation 
of the food. 

The Modern Barn. Whether a barn is 
essential to a farm is a matter which it is for 
the owner to d(‘cid(‘. Under ihi^ conditions of 
to-day, we think no such structure is necessary 
except for the storage of chaff, which is much 
imjuoved by packing in large quantities, or 
the oeejisional storagt* of un threshed corn or of 
straw. A barn, however, is an expensive 
building, and may usually be abandoned in 
favour of an open straw barn, whore both hay 
and corn can be stacjked at will and protected 
against rain during hay time and harvest. 8u(4i 
a building may be constructed of iron — and 
there arc many patterns on the market with 
arch(?d corrugated roofs— or timber, the roofs 
in the latter case being of the ridge pattern and 
the boards fixed with lialf-ineli interstices, 
through which the rain does not pass if grooves 
are made neai* the edg(?s of each, fl'he spaces 
admit of ventilation witliout admitting rain, 
and if the whole structure is well tarred or 
painted it will last many years, and prove of 
great value to the farmer. 

Storing of Machines, Implement sheds 
arc always necessary. They should be roomy, 
substantial, and conveniently placed for the 
.storing of drills, rollers, harrows, ploughs, 
cultivators, horse lioes, hay rakes, and mowing 
machines and self-binders in particular. It is 
important that an implement shed should be 
large enough to permit of such work as cleaning 
and repairing machinery being earned out 
beneath them — as, for example, in wet weathei’, 
when many other items of labour can be jk?!’- 
forracd under shelter. The roof may be slated 
or tiled, or even corrugated and painted. A 
corrugated iron roof of good quality weighs about 
5 cwt. to the 100 sq. ft., while slates weigh from 
7 cwt. to 0 cwt., and tiles from 8 cwt. to 15 cwt., 
depending upon the varieties selected. A 
wooden roof in which the timber is J in. in thick- 
ness weighs about 2J cwt. per sq. ft. A shed, 
or portion of a shed, should be reserved for carts, 
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waggons and the elevator, where this implement 
is used. 

Granaries. A good granary is all impor- 
tant, and should be constructed of brick on a 
good foupdation. with a smooth concrete floor, 
if this can be made perfectly dry, otherwise 
wood may be essential, with ventilation beneath. 
In this case, it is important to cover all the 
angles with metal, to prevent the entrance of 
rats and mice, as large quantities of grain are 
from time to time left on the granary floor on 
which it is dressed or winnowed before delivery. 
As stock foods, such as cakes and meals, are 
stored in the same building, the importance of 
diyness and ventilation will be recognis(‘d. 
'rhere should be glazed windows, coverc'd with 
tine, strong, perforated metal, facing the south, 
for the entrance of light and air when necess.ary. 
A granary is often one of the great sources of 
loss on a farm, where, owing to damp and vermin, 
corn is often damaged or destroye<l altogether. 

Manures. The salvager of manure, both 
solid and liquid, being of such importance in the 
maintenance of the vitality of the land, a 
tank of a siz(^ in accordance with the extent of 
the farm and the number of stock kept should 
be oonstiucted in a spot most convi^nicnt for 
the reception of the drainage of the stables, 
piggeries, and cattle buildings. A tall jmmp 
and iron grating h})ou1(1 bo fitted above this tank, 
and in the (centre (jf a floor of concrete or grooved 
firebrick, slof>ing from the oufsidcs. 'J’hrough 
the iron grating the liquid Avill drain into (he 
lank. The solid manure should be packed above 
it and around the base of th(5 pump. M’be 
manure stack should be built in such a i)osition 
that the solid excrement from the buildings can 
be easily placed U{)on it from day to day, assum- 
ing that it is not directly carried to the land, 
Avhich, all things considered, is porha])s the most 
convenient system. .Most fanners, however, 
prefer to heap manure in the yard at some season 
or other, hence a roof should be ere^ded above 
the stack to prevent satui’ation by rain. If 
packed tidilj’' and kept cool by the occasional 
pumping of the liquid upon it, the loss wull be 
reduced to a minimum. The liquid, however, 
should never l)c allowed to remain many days 
in the tank, unless it is diluted w'ith water, in 
order to prevent the escape of ammonia. A 
liquid manure cart is, however, necessary, so 
that it can bo carried away as often as possible, 
and certainly as often as necessary. By the 
adoption of this plan, there will be no scattering 
of manure over the whole yard, and no heaps in 
front of the doors of the cattle buildings, which 
disgrace the farmyard in almost every country. 

The Engine. If a portable engine l)c em- 
ployed upon the farm, a shed will be necessary 
for its protection ; but if the engine be fixed, the 
engine house should be conveniently placed in 
order that coals may be kept close at hand, 
and that the various operations of' pul ping roots, 
cutting hay and straw into chaff, ermhing cake, 
grinding com into meal, and driving the cream 
separator — if such a machine be used — may bo 
economically carried out. Tliis will involve 
considerable thought in the arrangement of the 


shafting and the placing of the l)elts. It is 
evident, too, that the foods to be handled must 
be stored for the purpose as conveniently close to 
the engine house as possible, while the apartment 
in wliich the milk is Hc})arated should not be very 
far distant. It will be for the farmer to decide 
whether he employs a steam engine or an oil 
engine, or whether on extensive holdings it will 
be worth while to lay dowm a plant which, in 
addition to tlu^ provision of power for the work 
already named, will also provide (‘lectric light. 
We believe, however, that the time is near when 
a portable engine will be available not only for 
these purposes, but also for the ]Jur]ios<' of 
draught in the field and on the road, as well as 
for threshing corn and performing almost cvi^ry 
act of labour for whicli machincTy is already 
responsible. 

Reference to the dairy will be made in full in 
the section on Dairy Farmix(i. It will now hv 
sufficient to state that, with the (‘XC(‘ption of 
piggeries and hsaling-boxes, buildings in which 
stock are kept should be at least 10 ft. in height, 
that there should be SOO cub. ft . allo\v(Kl for t'aeh 
cow, 000 for store and fatting beasts, and 1,‘200 
for horses, if ventilation is to Ix! ]H*rfect and the 
health of the .stock maintained. Furllier, that 
special eart^ shonUl be observed in selecting dry 
spots for each building, and i.i scicuring as much 
light as po.ssiblc direct fi’om the sun. 

FARM SERVANTS 

Duties of the Boy. It is true that the 
great majority of our farm labourers are tlui 
sons of farm labourers, and that tlu'y follow 
tlu'ir occupation owing to the fact that their 
earnings are needed by their parents while tlu‘y 
are yet children, and further, that (‘inployiiumt 
upon the farm in which their father is engaged, 
or by an adjacent employ(;r, to Avhoin ho is 
known, is easily obtained. Boys arc able to 
assist the farnu‘r in so many w'ays, especially 
during hay time and harvest, wJ en, owing to 
th(5 holidays, tliey are pcTinitted to work, that 
an engagement may not ojdy be obtained, hut 
be retaini‘d for life if tlu; S(H’vant is willing to 
sjitisfy the master. IMie training of a lad to 
become a farm labourer is a matter of ex- 
|X*rience ; he gets most of his orders from the 
men, and tumbles into his work rather through 
a process of imitation than of education. 

The buy is generidly eni ployed as an assistant 
to those who are respcotivi‘ly termed waggoners, 
carters, ploughmen, and horse keejx'is oi* hors(‘- 
men, in accordance with the custom of tlu* 
Country. The duties of these men an; the chargt; 
of horses, and the pcrformaiiei; of such forms of 
labour as require the assistance of the liorst*. 
These im*lude ploughing anil harrowing, culti- 
vating, rolling, drilling, manure carting, mowing 
and reaping, and in almost all these cases the 
boy takes his part, assisting in cleaning out the 
stable, in cutting the chaff, in feeding, in 
carrying hay jmd straw, leading the horses wlnai 
ploughing, where this is essential, riding the fore 
horse which assi8t.s in drawing the binder, leading 
the horses of the manure cart, driving the horses 
when harrowing, or raking the hay and the corn. 
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Promotion. All Ukw? and many more 
duticH fall to the farmer’s boy, who, with timo, 
becomes more or less accomplished, and is then 
promote.d to the rank of assistant or under carter, 
or second ploughman. It is true he receives all 
his orders and many hints from the older men, 
and he quktkly lc^arns not only how to harness 
and groom, but how to feed a liorse properly. 
Tt falls to the lot of tlie farmer’s boy, too, to 
clean the harness when he luis learm*d the way. 
Whim he is old eno\igh to take an interest in 
maintaining good conriition in the hors(‘S under 
his charge, he quickly learns to value the 
quantity of corn and hay they recta ve, and to 
take care not only that they obtain the fullest 
rations which they are allowed, but to embrace 
t'very opportunity of obtaining extra food, and 
especially an occasional mash, a pint of linseed, 
or a few beans, that he may still further improve 
their condition and increase his own credit. 

Dairy WorK. The farmer’s boy is not, 
howev(^r, confined to the stable and the work 
performed by the horses ; he is in great demand 
among cattle, sheep, and cows, 11 ere he learns 
to milk, to assist in cleaning out the mangers, 
the stalls, and the gutters, and in grooming the 
eattle, a praetiee whi<jh, however, is by no means 
common, lie fetcluis the cows in from the 
fields at milking time — morning and night — and 
takes them back, and if be is a careful lad, he 
is entrusted to take the milk twice daily to the 
railway station. 

Although the farm boy is gemjrally quick in 
acipiiring a practical knowledge of the work he 
b.as to {KTform, he is not always to bo implicit ly 
trusted, and, indocHl, h(^ is seldom paid in propor- 
tion to his actual value. 'Phe differem^o in the 
rato of wag(^s paid to a caredoss lad and one who 
really does good service to his employer is very 
slight. The less capable are retained on the 
farm owing to the dearth of boys, while the 
capable receive only just sufTudent to ensure their 
retention. Tf the host workmen— the remark 
appli(^s to th<; man as w^oli as the hoy —knew 
their value, tJiey would frecpieiitly demand 
higlu’r wages and assuredly obtain them. 

As the useful boy grows into a man be rapidly 
displays bis capacity. Ife (pialifies himself for a 
first hand by leartiing to thatch, first {insisting 
an experienced band during the hay and har- 
vest seasons ; he btdps in all draining operations, 
vmlunteors to t rim and hiy a hedge, whitdi requires 
considerable skill, and eoinpeUss in a ploughing 
match, perhaps gaining {i {)rizo. ffis horses are 
turned out bed ter than those of his neighbours, 
the harness is elcviner, and the feeding mortiP 
earefiilly eoncliKded. If he be in charge of eattle, 
the cows are well groomed and well milked, the 
rations are carefully prepared and supplied, and, 
in eousequenee, the stock thrive. If fattening 
stock be under his hand, he does his best to 
induce (hem to lay on flesh w'ith rapidity. 

Openings for Shepherds. Again, tho 
boy is occasionally handed to the shepherd as 
an {issi dant . He learns to recognise tho leading 
ewes of the dock, and he becomes acquainted 
with their ages, and the importance of identify- 
ing their age by their teeth. He is on the look- 
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out for slu'iep with bad feet, which he quickly 
understands must bo dressed immediately they 
are detected, and, during tho hot weather, for 
sheep which have been struck by tho fly, and 
others in w^hich the maggot has already appeared, 
that they may be cleaned and dressed. He 
thus becomes atjquainU^d with tho duties of tho 
shepherding of sheep, and in due course ho 
obtains a pla(!e upon anotluT farm as assistant 
sheph(‘,rd, and finally as a full blow^n shepherd. 

From Stable to Stud, it may now 
he pointed out that highly capable stockmen 
are always in demand, and they should bo far 
in advance of the averagt? farm stock liand in 
•their knowledge of livestock, their feeding and 
management. '^I'here are in this country larger 
numbers of hret^ding studs of Shires and 
(^desdales, of Suffolks and Hackneys, of C’oach 
horses and Polos. Tlu^se studs are seldom the 
property of fanners in the oidinaiy sense of the 
w ord, '^riiey Ix^long to men who are often wealthy 
and who are wMlling to pay high wwiges to first- 
rate luitids. The well- trained farm hand is pre- 
cisely the individual w^ho is most needed, 
apparently because* it has heem his lot to 
manage hortses. and to work long liours at small 
pay. A knowledge* of the*He facts should he an 
incentive to the farm labourer wdio is able to 
transfer his services from the stable of the farm 
to the stable of the bree‘ding slud. 

Again, there are large numbers of men wlio 
breed catt le of tho different viirietics — Shorthorns 
and Red Polls, .Jerseys and (teernseys, Herefords 
and Devons among others, for exhibition pur- 
poses, and who requin* servants who have been 
well trained on t he farm, and wdio can be trusted 
to manage th(*ir herds, esptanally when^ the 
st<K!k are exhibited at the numerous shows 
of the country for the purpose of acquiring 
and maintaining that condition which is so 
essential for the purpose of obt{iining priz(‘s. 
The wages paid to tlie stockmi'ii in charge of .a 
breeding or exhibition herd .in^ much superior 
to those paid on the farm, and, if the remark 
m{iy be ma(h\ there is much more enjoyment 
in the w^ork, wliieh is varied, which enables a 
man to see something of the country in which 
he lives, and which frequently enables him to 
add a hit of ground to his cottage, and to enjoy 
the privileges which follow upon its cultivation. 

Breeding Sheep and Pigs. Although the 
opportunities afforded by sheep and pigs are 
not so nunuu'ous nor so profitable, nevertheless 
there are many instances in which gentlemen, 
who do not make farming a business, breed 
both varieti(^s of stock as a hobby, although 
they generally persuade themselves that tiny 
conduct tliiar work on strictly business lines. 
Pun*, breeds of sheep arc kept either for ram 
hrc*eding purposes or for exhibition. In the 
same way one or more pure breeds of swine 
are kept for similar purposes, and plac^ed in 
charge of men who have acquired considerable 
knowledge by their experience, so that they are 
enabled to maintain the stock under their charge 
in high condition, and to win prizes at the exhibi- 
tions to which they are sent. There is, however, 
in all those cases one qualification essential 
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TKE WA(JES OF FARM SERVANTS 

toliil weekly eariiiiii?s of •ordinary aj^neiilUiral labourers in the rniteil Kiii;;d(»m in inchnlinu the 

etiliniated value of allowances iu kind. Taken by permission from the inaj) in the Scj-ond Weport by Mr. AVilson Fox, 
published by tlm lioar<l «»f A}irieulture in lho5 

on the part of the man. Ho must he a judge foreman or bailiff, and oceasionally, by the aid 

of the quality of the breed of stock placed within of great, thrift and industry, (unaneipating him- 

his charge, and thus assist his nnistor, who is fro- self, first j){irt tally, and afterwards wholly, from 

quently no judge, in improving both quality and serviee and making a livelihood on a few acres 

character that he may aehiov'e greater success. of laud in or near his native village. 

Wo may take it that, speaking generally. Average Earnings. The system of 
the young labourer marries, rents a cottage, engagement of farm labourt'rs differs with the 

or obtains one from his employer, and settles locality. Tn Scotland, and part^ of Wales, 

down to his new life certainly not without hope and in the North of England and the North 

of advancement. In some cases such a man raises of Ireland engagements are eommonly made 

his position by faithful and intelligent service, by the half year, single men Ijeing boarded 

sometimes being promoted to the position of and lodged, while married men are provided 

. nool 
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with cottages. In other parts of the country 
both married and single men are, as a rule, 
hired and paid by Iho week and left to provide 
for themselves, although in a large number of 
instances the married men are supplied with 
cottages which are let with the farm. The system 
of boarding and lodging labourers is being 
gradually abandoned, like the hiring of work- 
])Cople at fairs, although these institutions 
continue to bo kept up in the North. In the year 
1902, tlio average rate of wages paid to farm 
workmen, ('xeluclirig foremen and ('asual men, 
was 17s. r)d. in Knglund, 17s. 7d. in Wales, 
19s. 5d. in Scot land, and 10s. 9d. in Ireland, or 
an average of nearly Is. per week more than in 
1898. L(‘ading men obtained slightly high(‘r 
wages. The sums paid wore highest in Durham 
in England, and (Glamorgan in Wales, while tlie 
lowest were in Oxford, Suffolk, and rjloiicester, 
ranging from lls. (willjout extras) upw^ards. 

In most English counties the weekly w'agt* is 
r.upphuiK^nted by })iet!('W'ork, such as hedging 
and dialling, draining and thatching, sheep 
shearing, and manure spreading, lifting potatoes, 
mowing, hoeing, and root singling : the total 
sums (‘arned under these heads range from 
£5 to £7 p<ir annum. Shepherds, too, usually 
obtain <'xtra payment for the lumhs born 
or re^ared, and oeeasionally stockmen are paid 
for calves. Another addition to the animal 
ineome of the labourer is the harvest j)ay. 
In 1904, taking 97 farms from which returns 
w'oro obtain(‘d as a basis, the harvest covered 
24 working days, against 3.‘1 days in 1902, 
and 24 days in 1901. The highest earnings 
were £7 5 h. 7d. per man in the eastern counties, 
including Huntingdonshire, Cambridge, and 
Lincoln. In th(^ midland counties these payments 
av(U’agcd £5 l.'ls, (id., while in th<? south and 
south-west the payments on 392 farms averag(*d 
£4 17s. 2d. In Kast Anglia the men usually 
receive a tixed sum to cover the harvest. In 
other parts of the country a round sum is ])aid in 
addition to the Avcckly w ages, or these \vage.s aie 
increased and beer supplied in stipulated quanti- 
ties. fn some eases, Iiowever, the men are paid a 
lixed sum per day, or a fixed sum plus overtime. 
It is, however, not an uncommon practiio to let 
portions of the work, and these remarks apply, 
to a large extent, to haytimo and piecework. 

Allowances. Farm labourers in many 
cases receive allowanct's in addition to their 
wages. Apart from the cottage or cottage and 
garden with whieli so many are supplied, they 
arc allowed potatoes, or potato plots, or a given 
area is planted wdth potatoes for each man on 
the farm itself. Again, boor is allowed during 
harvest, haytime, and thresliing, sheep washing 
and sheep shearing. Beer, how ever, is replaced by 
cider in some districts, and by milk, tea, coft'c<‘, 
or cocoa in particular instances. A cow is aome- 
tinu'S allowed grazing, straw is supplied for pigs, 
or a given quantity of pork or bacon is provided. 

In ca.se8 of sickness or absence, and sometimes 
during wot weather, wages are stopped bj 
employers, although there arc districts, especially 
in the North, where p^tyments continue to be 
made during these circumstances. Most farmers, 
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however, expect their men to be members of 
a club, from which they receive weekly sums 
during sickness and the attendance of a doctor ; 
but, although custom largely prevails, much 
depends upon the individual employer. 

In 1902, wages varied in* Wales from 15s. 8d. 
in Cardigan and 16s. 7d. in Anglesea and Pem- 
broke to 21s. 3d. in Glamorganshire. As in 
some parts of England, wages vary in accordance 
with the proximity of mines and quarries, the 
highest sums paid for this class of work largely 
influencing the w'agos paid to labourers. It is 
seldom that wages in cash reach £l a week ; 
indeed, with allowances added, this figure is not 
exceeded. Allowances in kind, however, 
are not nuriuToiis on the Welsh farm. 

In Scotland, where the average total earnings 
vary from 17s. 7d. in Caithness 1o 22s. in Renfrew, 
Stirling, Lanark, and Dumbarton, allowances in 
kind are much more numerous. In addition 
to eottag(5s and gardens, the men receive pota- 
to(\s or the use of potato land, fuel, oatmeal, 
milk, and manun*. 

Wages in Ireland. In Ireland wages 
are the lowest in the; western count i(^s, reaching 
from Mayo to ("ork. Although hired labourers 
in this part of the country are very few in 
number, owing to the fact that the inhabitants 
occupy the land, whicli they till for themselves 
with the assistance of their son<. larg(‘ numbers 
of men leave the wa^stein counties for England 
and Scotland, not only during the harvest season, 
hut for months togetlu'r, their absence frequently 
extending from liaytime to the lifting of the 
potato and root crops. Tluy live on very small 
sums, sending the bulk of their earnings home 
to tlu'ir families. Piec(‘work is hut little 
practised in Tndand, where the allowances in 
kind are extremely fc‘W'. The total Aveekly 
earnings of Irish lahourt'rs in their own country 
vary from 8s. 9d. in Mayo to 13s. in Down. 
Many of the men, Iiowever, have the advantage 
of cheap dwellings with plots of land attached, 
the average arivi being about half an acre — 
altliough, under the J^ibourers Acts, it may 
reach an aero in extent. Through the medium 
of these i\ets nearly 20,000 substantial cottages 
have been erected, and are let at an average 
rent, land included, of about lO^d. per wTck. 

• Hours of WorK. The farm labourer’s 
working day is shorter than was formerly the 
case, the hours depending in a large measure 
upon supply and demand, in districts whore 
the demand exceeds the supply the men have 
curtailed the hours. Thus 6 a.m. to 6 p.m., 
with time for breakfast, lunch, and dinner, has 
been reduced to 7a.m. until 5.30 p.m., with 
time for lunch and dinner only. Horsemen, 
stockmen, and milkers are usually required to 
commence at 6 a.m. — in some cases still earlier, 
ploughmen turning out with their teams at 
7 a.m. and returning at 2 p.m., in some cases 
having only stopped work for lunch, and at 
4 p.m. in other cases, when they return for 
dinner and go back to the field. Scotch farmers 
in England, however, frequently keep their men 
in the field until 5 p.m. 

Continued 



DRAWING FOR ENGINEERS 

Bolts and Nuts. The Screw Thread. English and American Standards. 
Rivets and Riveting. Tables of Proportions for Screws, Nuts, Keys, etc. 


‘untiminl from 


By JOSEPH 

Fastenings. The various forms of fasten- 
ings used by engineers for eonneeling the 
component parts of machines and structures 
comprise screws, bolts and nuts, rivets, keys, 
cottars, pins, etc. The particular element to 
be used for a joint depends upon the formation 
of the parks and upon the materials of the sam«i ; 
thus the permanent joints of girders and boilers 
are invariably riveted. Work which must be 
taken apart for periodical examination and 
adjustment is bolted together. Kngiiu* cylinder 
and valve covers, laviring c.ajis, et»‘., come 
under this eategoiy ; wheels, cranks, i ouplings, 
etc., are keyed upon their shafts ; rods and 
sockets are cottared together. 

Screw Threads. Thii essential element 
of the bolt and nut is tlw* screw thread, the (‘dge 
of w’hieh is a helix oj' spiral. Fig. 13 shows the 
development and piojeetion of a helix upon a 
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Y\ I I I i\| cylinder A, which is shown 

*X j '-L in plan with tf'ii eipudistant 

\ I III 1/ ])ointa inarkf'd lh(‘rcon ; the 

^ I I I Ji jeetangle 15, (\ D, E shows 

the deveIo]mient of the cir- 
^ eiimferenee of thi' cylinder, 

the diagonal 15 T) representing the d(‘V(‘loped 
thread ; the' vcTtical dotted lines 1 to 10 are tin? 
dcvelopt'd equidistant points ; the rectangle K, F, 
(1, B is the projected elevation of the cylinder. 
Marking the points off for tlie projected path 
of the helix is now’ a simple matter of projec tion. 
The vertical distance from B to E is the “ pitch ” 
of the screw, being the distance advaiict'd in 
one turn of the spiral. It is not really necessary 
to draw the dcvelojmumt of the spiral in order 
to produce the elevation ; if the pitch 15, E is 
divided into tlie same number of equal parts 
that the plan is divided into, and horizontal 
lines 1)0 drawn therefrom to meet the vertical 
projected lines, the resulting intersecting points 
give the path of the thread. Applying this 
principle to actual screws, 14 shows an ordinary 
triangular or V thread and 15 shows a square 
thread. 

Sections of Screw Threads. The 

principal sections of screw threads are illustrated 
in 16 to 20. The English standard V thread is 


W. HORNER 

the WhitAvorth [18]. The anglci of the V is 
5.5 degree-s, and the toj) and bottom, instead of 
finishing in a sharp V, are each rouml(*d off to the 
extent of one-sixth of the totnl depth. 1’he 
American standard V thread is the Sellers [17]. 
The angle' of the V is 00 degrees and finishes 
square at the top and hoftoin with one-eighth 
of thci depth taken off. Thc^ square thread 
appears in 18 and 19, the latter l)eing a slightly 
modified form, the width of the thread at the 
point hciing less than at the base ; such a thread 
is used where* the* nut is split through and dis- 
e*ngage8 by moving sideways, as in the leading 
screw of lathes, (*tc. In the* buttress thread [201 
one face of the screw' is vertie*{i1 whilst the other 
is usually 45 degi(*e‘s ; the top and bottom is 
finished square as in the* Sellers thread. 

The V thread is used for ordinary bolts and 
nuts ; the seiiiare thread is used to transmit 
motion, or as a means of obtaining 

— , ^ lov(*rag('. With a V tbreaxl there* 

is a bursting action on the nut whie*h 
■^1 1 is absent in tlu^ setuare thread ; the 

• I latter, howeve*r, is not so strong. 

] I because^ its diameter under the thread 

I I is le'ss than in the casej of the V. 1’he 

[ I buttress thread is used whore the load 

• 1 always comes in one direction only, 

~i ^ ^ su(;h'as on the bivech screws of guns. 

Multiple Screw Threads. A 
screw may be Tnndi* with two or mon* 
throjwls without altering th(^ pitch, the result 
being to r(*duce the section of thi* thread and to 
iner(*a.se the diamef er at tlu^ liottom of the thread, 
fn th(^ ease of long-pitched screw’S this becomes 
a necessity. Fig. 21 shows a single -thread 
screw'. 22 a douhle-thn'ad, and 23 a triph*- 
thread screw, all having the same pitch. It 
will he obs<*rved that tin* |)rinei])ie involved is 
the naluelion of the section of tin* thread and 
the ins<*rti(>n of intermediate threads in paralk*! 
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DRAWING 



DETAILS OF SCREWS 

16. WhitworUi V thread 17, Sellers V thread 18 and 19. Square threads 20. Buttress thread 
21. SiiiRle-thread screw 22. Double-thread screw 23. Triple-threjul screw 24. Whitworth nut 
26. Square head 26, Countersunk liend 27. Snap hea<l 28. T-head 

paths ; the depth of a square thread being equal The two tables on next page give the regular 
to its width it becomes reduced accordingly, dimensions of standard screw threads, 
and the diameUir at the bottom becomes corro- The third table of screws is used for gas'and 
spondingly greater. In this way a long-pitched water pipes, where the ^fineness of pitch is 

screw may be made without unduly reducing necessary on account of the thin metal of which 

its strength. the pipes arc composed. 
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DRAWING 


In tijoHo tables many dimensions arc given in 
decimals of an inch in order to attain accuracy 
in calculation. For the purposes of drawing, 
it is convenient to convert these figures into 
vulgar fractions. The lower table on this page 
showing the decimal equivalents of an inch is 
given to facnlitate the operation. 


the latter case a square neck is made so as to 
prevent turning when the nut is screw'cd home ; 
the head has the same maximum diameter 
and depth ns the previous example. The 
T head [28] is applied to plummer blocks and 
machine tool tables and face plates ; the length 
and depth of head arc as in the snap and counter- 
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Bolts and Nuts. Tlu^ dimensions of 
standard Whitworth hoUheads and nuts are 
given in the labU* of Whitwtirth serews, find 
M shows th(^ correct proportions and develop- 
ment of a nut. 

Boltheads vary considerably according to 
requirenumts. Figs. 25 to 29 show a number 
of forms in common use ; the scpiarc head [25] 
has a width of l.\ limes the bolt diameter plus 
i in., and a depth of two-thirds of the diametor ; 


it is used for woodwork in combination with a 
washer plate, or alone for rough machinery. A 
countersunk liead [26] is used where a flush 
surfact. is required ; the large diameter is about 
IJ times the bolt diameter, and the depth of the 
cone is tliree- quarters ot ihe di»imeter. ^flic snap 
hood [27] is used for fca>tplates and planking. In 
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sunk heads. M’lie (yo holt [29] is a]>])liod to 
examination doors, etc., wIktc it is convenient 
to sim])ly slack t he nut and swing the bolt to 
one side. 

Foundation Bolts. Foundation bolts are 
used to secure machine tools, engines, cranes, 
columns, etc., to masses of masonry or coricrt?te. 
A common form of light bolt is shown in 30; 
the portion which enters the eoncri^tt* is roct- 
fingular in section, with two faces jfigged, the 


hole is taper, and is filled in with liquid concrete, 
or load or sulphur, as the case may be. Another 
form of foundation bolt is illustrated in 31, 
w'hero it passes right through the concrete, and 
has a w asher plate and cottar fitted below ; 
snugs are cast upon the washer plate to prevent 
the bolt from turning when the nut is screwed 
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BOLTS, NUTS, RIVETS, AND KEYS 

29. Eye bolt 30 and 31. Foundation bolts 32, St-iid bolt 33. Taji Inilt 34, 36 and 36. Lock nuts 37. Collar i ml 
38. Snap-head rivet 39. Pan-head rivet 40. Countersunk rivet 41. Safidle key 42. Flat key 43. Sinik key 




DRAWING 


home. Tlio sectiona and proportions of cottars 
are discussed in the next lesson. 

A stud is a piece of rod screwed at each end, 
and is used where a through holt cannot be 
arranged for. Fig. 32 shows a stud in place ; 
th(5 lower end is tapped into the body metal of 
a cylinder, whilst the upper end receives tlu^ 
nut. Fig. 33 shows a ta]) bolt ; it is ver\ 
similar to a stud, but has the head in one piece 
with the bolt. It is used under similar cireiiiii- 
stances to the stiul, but chiefly whi'n there is no 
necessity for fiequent removal. 

Locking Nuts. 'Phere are varicms deviees 
for preventing nuts working loose uucliu' shock 
and vibration. A common method is to juit two 
nuts instead of om*, the uppiu* nut being serew'Ofl 
dow'ri hard tnough to lake the load, the nuts 
iK'ing tightly wedged togt‘ther. 'I’here is no 
theoretieal neeessity for th(' lower nut to be 
as thi(dv asllu^ main or ouU'V one, but in praetiee, 
an Oldinary spanrur being too thiek to hold a 
thin nut, Ixith of them arc made three fourths 
the full depth [34). Where thin bottom nuts are 
provide !, they frequently get put on the top, as 
in 35, instead of at the bottom, as in 36. Need- 
less to say, this is not ctirrec t, as the full strength 
of the holt is not then tak<‘n advantage of. 
Another method is to secuin^ the nut by a set 
screAv and collar, as in 37, a tabh; of sizes of 
W'hieli is given below. 

Nuts are locked also by inserting a spring 
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washer undcmeatli ; there are various patented 
forruH, all of Avhich have the same object in view 
— namely, the exertion of a pressure against the 
nut, which is caxiable of following it up and 
keeping it tight under vibrations. 

Rivets. JRivc'ts and riveting will be dealt 
with in the course upon Drawing for Boiler 
Makers ; hut< the mechanical engineer is fre- 
quently called upon to deal with riveted Avork. 

We show the usual types of rivets ; the snap 
liead [38], the diameter of which is 1*7 times the 
diameter of tlu‘ body, whilst the depth is ’0 
times ; th(i )>an head [39], of the same general 
pn^portions, but pan-shaped in form ; and the 
eountersunk |40], the maximum diameter of 
which is I f) times that of the body, the depth 
is made to suit th(‘ thickness of the plate, and is 
generally '4 limes the diameter of the body. 

The ciiametiT of a rivet vaiies Avith the thick- 
ness of the phUes to be seemed together. For 
])lates and sections varying from J in. to J in. 
thiek, the common practice is to use J in. 

diameter rivets, 
and space them 
4 in. apart 
otMitre to ei'iitre. 
'riiis spacing 
is term(‘d the 
“ piteli " of the riv(‘ts. Abov(' in. [)lat('s tin 
ri\'ets may be I in. diametiu* for plates U]) to 
1 ill. thick, and 1 in. diameter up to l,[; in. thick, 
and, say, 5 in. pitch ; from ji in. down to j in. 
plates, the rivets may be in. diameter and i»L 
pitch. 

Keys, A k(*y is, strictly speaking, a wcdgt>, 
and is usi'd for scamring (‘ranks, \vh(*els, pulU‘ys, 
etc., upon their shatts. Figs. 41 to 43 illustrate 
the three ])rineipal tyfw's of kc'ys. Fig. 41 is 
termed a hollow or saddle' k(‘y ; its holding power 
dejumds simply ujion the friction established 
between it and tlie shaft; needh'ss to say, it can 
only be used for light Avork. Fig. 42 is a Hat 
key, and has a delinite Mat surface cut upon the 
shaft; it is eoiisccinently much better than the 
saddle key. t’ig. 43 is the most generally used 
key, and is tca nied a j^ank kpy ; it' is the strongest 
form, as it must either be sheared through, or 
tear a piece of the shaft out before failure. 
Where necessary, keys are made with a head [44|, 
in order to facilitate AvithdraAval ; they are then 
t (Tilled gib-h{’ff(hd Ut^ys. Heavy w’heels, etc., 
upon large shafts, are frecpicmtly fitted Avith tAVO 
k(‘ys plaet'd at right angles to each other. 

Tiie proport ions of the keys illustrated may he 
taken as follow: 

B 1 :\ -f- inch. 

C ; II D - I B 

E g D F ^ 3 D 

Feather Keys. Feather keys, although 
so termed, are not really keys in the true sense 
of the Avord — f.e., ihey arc not w'cdges — they arc 
simply parallel pieces fitted into a groove in the 
shaft ; they prevent relative circumferential 
movement, but permit definite end play, cither in 
the shaft or in the piece feathered thereon. They 
are used chiefly for sliding clutches and pulleys. 

• Continued 
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A SHORT DICTIONARY OF TERMS USED IN DRAWING 


ANTIQUARIAN — A drawing paper 
52 in. long Py 31 in. wide. 

Atlas — A drawing paper 34 in. long 
by 20 in. wide. 

Arrow Head — Crows’ feet [q.v.]. 

BATTER — A set square having its 
angle other than 30", 45", or 60". 

Beam Compasses — Trammels 

Bisectinir Compasses —Wholes and 
halves [^.v.]. 

Black Line Process — Ferro-gallic 
process 

Blue Print — Ferro-prussiate process. 

Border — Finishing lines around edge 
of drawings or tracings with or 
without ornamental corners. 

Bordering: Pen— Special drawitig pen 
for borders. 

Bows — Row compass spring 

bows [q.v.]. 

Bow Compass — Medium size com- 
passes. 

CABINET NEST -A nest of superim- 
posed palettes fitting into each other. 

Calculating: Rule — Slide rule 

Cartridffe Paper — A strong, cheap 
drawing paper. 

Centre Line — A line drawn through 
the cenfre of a piece of work ; used 
as a basis for measurements. 

Chinese Ink — or Indian ink ; used for 
inking in drawings and tracings. 

Chinese White— Used for marking 
white lines on blue prints, etc. 

Chords, Scale of— A means by which 
an angle can be laid off by t aking com- 
pass measurements from the scale. 

Columbier — A drawing paper 34 in. 
long by 23 in. wide. 

Compasses - Instruments used for 
deseribiiig cir<*lea. 

Compass Scale — A short metallic 
scale let into a T-square or scale 
for taking measurements by compass. 

Continuous Paper— Paper supplied 
in roll instead of cut st andard sheets. 

Copier — An electric copier 

Copying: Frame- -A frame in which 
tracings are copied or photographed. 

Cross Section — A transverse section 
of an object or piece of work. 

Crows’ Feet — Angular lines ; 

used to indicate the limit of a 
dimension line. 

Curves — Railway curves [q.v.], French 
curves r</.u.J. 

Cursor — The metallic slider upon a 
slide rule. 

DATUM LINE— The horizontal base 
line from which heights and depths 
arc measured. 

Demy — A drawing paper 20 in. long by 
16 in. wide. 

Detail Drawing— A drawing which 
fully delineates one or more poHions 
of a machine. 

Dimension Line — A line which in- 
dicates the extent of a dimension. 

Dividers — A form of compass with 
plain points used for dividing a 
line into a number of equal parts. 

Dotting: Pen — A drawing pen with a 
device to produce a dotted line 
automatically. 

Double Elephant— A drawing paper 
40 in. long by 27 in. wide. 

Drafting Macnine and Table— See 
text, pages 2788-9. 

ELECTRIC COPIER— Machine for 
producing phototypes by electric 

Emperor — A drawing paper 72 in. 

long by 48 in. wide. 

Engine Divided— The marking of a 
BC^e or rule by a tnacliino or engine. 

FERRO-QALLIC PROCESS— A pho- 
totype process producing black 
lines on white ground. 
Ferro-prussiate Process— A photo- 
type process producing white lines 
on blue ground. 
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Flexible Curves — Strips of steel or 
other suitable material with attaieh- 
inciits at intervals for deflecting and 
holding to any desired curve. 

French Curves— Fancy curves of 
varying radii. 

Fully Divided Scale — A scale divided 
throughout its length into its 
minimum division. 

GENERAL DRAWING- A drawing 
which sliowB a machine entire. 

Graphic Method — A method of 
determining a factor or a dimension 
by drawing instead of hy <‘alculation. 

HAIR DIVIDER— A flue screw ad- 
justment flttcd to the leg of dividers 
to obtain exact men.sure.ments. 

Horn Centre A small piece of horn 
upon which to pivot a compass leg 
in order t<» avoid piercing the paper. 

IMPERIAL— A drawing paper 30 in. 
long by 22 in. wide. 

Irregular Curve —French curve [q. c.l. 

KNIFE KEY A steel implement 
which combines screwdriver, pen- 
knife, tile, etc., f(*r adjusting in- 
struments. sharpening pencils, etc. 

LENGTHENING BAR— An exten- 
sion bar used with large compasses 
to increase their radius. 

MEDIUM — A drawing paper 22 in. 
long by 17 in. wide. 

Metre Scales— Used for making 
drawings to metrical dimensions. 

Mounted Paper— A naper mounted 
upon linen to give it strength and 
durability. 

NAPIER COMPASSES A folding 
comi)U8S for the pticket. 

Needle Soint — A compass jxunt con- 
sisting of an ordinary needle held in 
place hy a screw', and consequently 
easily renewable. 

ODONTOGRAPH— A combination 
scale to facilitate the marking out 
of wheel teeth. 

Oxgall — Used occasionally with Inks 
and colours to make them w'ork f reely . 

PALETTES — Ware receptacles for 
mixing colours. 

Paper Scales — Scales engraved upon 
stout paper or Bristol board, conven- 
ient for measuring curves. 

Parallel Rule— A straightedge or rule 
fitted with parallel Joints or milled 
rollers to facilitate the drawing of 
parallel lines. 

Photo-print or Phototype — A copy 
of a tracing produced by the action 
of light upon a sensitised paper. 

Pillar Compasses - -Folding com- 
passes for the pocket forming ^ sot 
of instrumenta. 

Plan — A drawing of an article or piece 
of work viewed directly from above it. 

Planlmeter — An instrument used for 
computing areas. 

Pricker — An implement with a needle 
point; used for pricking througli 
centres and curve outlines where the 
paper is too opaque for tracing. 

Printing Frame— A glazed frame 
used for phototype printing. 

Proportional Compasses— Double- 
ended dividers with adjustable 
fulcrum, used for reproducing di- 
mensions at any predetermined 
proportion. 

Protractor — A scale, usually circular, 
which has the degrees of a circle 
marked thereon. 

RAILWAY CURVES— Regular curves 
usually made In sets, and varying 
from 1 i in. to 240 in. radius. 

Retree Paper— Slightly defective 
sheets of paper. 


SECTION — A view of an object cut 
through in order to show it s ctuistruc- 
tion and interior. 

Sectional Elevation- A sectional 

view' of an object as looked at from 
its side or end. 

Sectional Colours— Various coheirs 
recognised as representing various 
metals and materials. 

Sectional Paper- -Paper ruled in 
Htiuares to seale either English or 
metrical measures ; useful for sketeh- 
ing to seale, plotting of eurves, etc. 

Sensitised Paper —A chemically pre- 
pared paper for plndo-printing. 

Set Square — A slieet of vulcanite, 
pear wood, etc., out to form a riglit 
angle with tw’o of its edge4(,the third 
edge being 30", 45 or 60" angle. 

Shading — The tinting or lining of a 
drawing, in order to show' the contour 
of its component parts in relief. 

Single Reading Scale — A scale which 
reads from one end only. 

Slide Rule — A rule with a sliding por- 
tion, engrav<Ml upon a logaritlmiic 
bsisis, to facilitate enleulations. 

Slope — A batter |. 

Spring Bows— A small pair of coin- 
passes which maintain their full 
radius by reasim of their spring 
formation : the radius is rediuaul hy 
drawing tlie legs together by a screw. 

Squared Paper- Sectional paper l(/.r. 1 

Standards — Regular proportions of 
machine details whh’Ii are tnhiilatcd 
for reference. 

Stencils — Used for numbering draw- 
ings, corners for borders, etc. 

Straightedge -A Ibit strip of w'ood 
with ail accurately finished edge 
for drawing straight lines. 

Stress Diagram— A diagram drawn so 
as to represent stresses graphically. 

Sun Copy -A phototype 1 y.] printed 
by daylight. 

Super Royal — A drawing paper 27 in. 
long by 19 in, wide. 

TAPE — A continuous band of linen or 
steel colled in a leather case, and 
engraved in feet and Inches, etc., 
usually cither 33 yd. or C6 yd. long. 

Template -A piecfsof paper or eard- 
hoanl cut to the exact outline of an 
object, to facilitate manufacture. 

Tracing — A reproduction of a drawing 
on a transparent paper or linen. 

Tracing Frame —A frame holding a 
sheet of glass, used to trace old 
drawings and prints whicli are best' 
seen through the tracing paper when 
the liglit strikes from beneath. 

Tracing Linen -or cloth, a prepared 
transparent linen for traiiugs. 

Tracing Paper — A prepared trans- 
parent jiaper for traeiug. 

Trammels - A straight bar upon whieli 
slide movable heads carrying pen or 
pencil uoints, for striking large radii. 

Triangular Scale— A scale of trian- 
gular section having six working 
edges and a great number of scab's. 

T-square- A picia* of maliogany or 
pear wood with a head piece in the 
form of a T, used for producing 
parallel lines, and as a base for set 
squares. 

Ticks— -Cro\ys’ feet [fl'.t.]. 

UNIVERSAL 8CALE—A scale upon 
which all ordinary scales arc marked 
in parallel rows. 

VERNIER — A short scale made to 
slide along a graduated Instruineiit, 
for measuring very small intervals. 

WHEEL PEN — A drawing pen witli 
wheels for dotted work. 

Mfash Brush — A large brush used for 
extensive suAgees, etc. 

Wholes and Halves — Compasses 
flxe^ at the proportion of one to two. 
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Group 20 

PREPARING FOR TANNING PROPER 

LEATHER 

2 

The Processes of Bating, Puering, and Drenching. 

Contiii\ii«(l from 

JHiJftS ‘JHSg 

Tanning Materials. Tan Pits and Tanning Liquor 


By W. S. MURPHY 


Bating. Tho process of bating consists of 
steeping the goods in a weak foriiK'nting infusion 
of ))igeon d\iug, or poultry manure, for a ])eriod 
of from four to six days, and is adoptc'd for lu'uvy 
dressing and liaiiicss ioalhers, kips, and (calf- 
skins. Bate lifjuur, as may w('U Im imagiiu'd, is a 
putrefactive agcuil, dt‘signc(l to act as a solvcmt 
on tho ]iard(‘iied cojnent filatjs of tbe hsather, 
proci])ila,ting tho lime, and soft cuing tlx* sub- 
stance of tiio skin. The bate liquor, made of 
pigofm dung, or i)Oultry manure, is made up in 
proportions of six to thirty parts of dung to one 
thousand of water. Having been infused in 
warm water, and allowed to ferment for a wet^k, 
the clear li(pior is poured off the dung into the 
bate -pit. 

When tho hides arc soft to tho feci, and lx*gin 
to take on a bluish ting(\ they arc lifbul out. 
The tiltliy e-haracter of tlio dung bat(% and the 
uncertainty of its action and varial)ilit 3 '’ of com- 
position, has l(cd many tnanufax tureis to s(cck 
out elicctivo substitutes. One of the best is 
derived from coal-tar, and nanu’d tho “ c.-t. 
bate.** Tlio manufacturers give tho following 
directionu for its use : 

1. After inihairing and tk'shing from the lime, the 
flkins sliould ho thorouylily wumIh^I with wiitor 
(preferrddy warm), so as to romovtc as much lime as 
possil)lo. 

2. If, in tho lirninij: ]>r<ieosK. the sulphide of sodium 
is used in eoinlurud ion with the lime, it will reiuler tho 
limo more solu Ido, Olid therefnro more oa^^ily roinoved 
with water. 

3. Tho moro conqilolcly tho skins are eU'iinsod 
with warm water, Iho li*,?*? will be tJu’ (|nuniity of halo 
required. 

4 . After washing, the skins should Im thoroughly 
worked on tlio hoarn, esjuM’ially on the grain. 

6. A solution of c.-i. hate is now prepareil, in 
tho proportion of from \ lb. to 1 lb. of hate in lOU 
gallons of warm water (IH)® F.). Tn luakiug the 
Bolution do iiot have the water tner 140“ F. I’lidor 
no oirenmstaucos Ixul it. 

0. If tho hidi'S or skins hnvo been tri'uted ns nhovo 
indit'ated, 1 lb. of hato should bo .suriii ient. for 400 Ib. 
wot hide, washed from the limes. Thf' hides or skins 
are ])laccd in the bating solution, and workeii 
for an hour. They are then allowed to re.st in tho 
Bolution, with occasional st irring, for somo hours, or 
over-night. 

7. Tho length of timo that the bating should 
continuo will depend upon tin? degree of softness 
and pliability required in the leather. For instance, 
for sole-leather, fifteen minutes is sutlieicent ; for satin- 
loather, thirty tninub^s ; for glove -lout hors, four to 
six ho Ills, or ovon longer. 

8. (hi removing thf' skins from the bating solution, 
it is sometimes (iesirable^ especially for tho finer 
grades of leather, to wasu them in warm water, and 
again work thf^ ov'T the beam. They are then 
ready to lie pf#|^ the tanning liquor. 

0. In the bating solution for the second 

pack, dmw ao^ the old solutkins one-third, and 


replace with fri'sh water ; llam add in solution just 
one-half the quant ily of hnto used at first, and so 
on with <‘ach succeeding pack. 

10. When fresh limes twr. used towards the end 
<*f the liming yanecss, and a maiiuro hate is deemed 
iiee(‘ssary to reduei^ (lie harslinosH of grain caused l)y 
the fr<*sh lime, it is very l>eii('ficifd to give tho skins 
IViun the manure hale a drench of c.-t. bale, llierchy 
arresting tho hacti>rial action of the manure bate, 
I»n*serving the grain, hesirles cleansing. hl(*aching. and 
neiit I'll Using th(' skins jireparatory to laying them in 
the tanning liqiuu*. 

11. .Again, when it is eonsidered desirnhlo to use a 
manure bate, it is a good practic.' to treat the skins 
as above indicated (dc)wn to item 7), and tlien plaee 
them in tho inanuro bate. By this previous trimtment 
the antiseptic act i(m of th<* c.-t. bate tiuids to arrest 
the <l«‘slructivo bacterial actitm (*l’ t he manuro bate, 
tlieri'by lessening the risk of damage to tho grain. 
In all 1 ‘asos where the value of the leatlu'i' is dt'})t*ndont 
on the ((uality and pi'i’fection of the grain, this is an 
important advautago to gain. 

Xo doubt thcuc is an element of unscientific 
assertion in tho ftin^goiiig ; but tho directions 
are good counsel, wliatevcr kind of bate be 
used. 

Puering. Very similar to bating, both in 
action and afiplication, 'peering utilises dog’s 
dung irist-ead of poultry manure, and is applied 
to lighb'i* leathers, such as glove-kids, glact' kids, 
and morocco skins. 

Some autlioritics pretend tliat it is tho sto- 
mtwjhic juieiNS in tho dog’s dung that arc tho 
ratdivo agents in- puering. We would fain hope 
somti definite^ conclusion wore come to on tlu^ 
point, for then we would be in sight of an 
efficient substitute. But even noAv authorities 
disagit'o alarmingly among themsedves, and 
any (uuudusion on the part of practical raen 
would Ik? rash. Dog’s dung very readily putre- 
fies if exposed to the air, and tlie b(ist metliod 
of preserving it is to mix tho fresh dung with 
water, forming a paste, and to store in air-tight 
tanks till required. The dung should be allowed 
to ferment at least a week Ix'.fon? using. 

No fixed rule is given for quantities, nor can 
there be, Iweausc of the variable composition of 
tlie maU?rial. With dung of average quality, a 
puer mixture of milky consistency will contain 
sufficient active agency for the puering of two 
hundred lambskins. In cold weather the water 
should bo at a t(?inperature of from 60® to 
68® F., and in eold weather the temperature 
may be raised as high as 77° F. The time 
required is determined by the w'eight and density 
of the skins. Slender, slink skins may lx? done in 
tAvo hours, while heavier skins have been known 
to take over twelve hours. The skins are laid flat 
in the liquor, stirred and paddled for about 
thirty minutes, till they liave been thoroughly 
soaked, and then allowed to lie for the full 
maturing of the process. 
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Artificial Puer. Though far from abso- 
lute certainty, the chemists of the leatlier trade 
have arrived at a practical solution of the puer 
difhculty, and Mr. .F. T. Wood, in England, and 
Messi-s. Popj) & Becker, in Oeriuany, succeeded 
in prodiuiing a very satisfactory artificial puer 
named erodin. 

We quote those particulars from the directions 
for use given by the mamifac tuners : 

For 100 lb. wet skin washed ready for butinjr, 
about I lb. of erodin is required. Or, in tlio rrtetrie 
KysteTn, 1 kilo wi't skin requires about 10 gnu. erodin. 
The strength or (roruvMitnition of tlio bate niusl 
not fall below 3 grin. j)t‘r litre of bate liquor — i.v., 

oz. per gallon. 

For preparing the bate a siiflieiently large eask or 
tub enrefully eleaned and steamed out is plneed near 
the bating ])addl('. The eask should he fitted with 
a steam })ii)e I'usily serewed on and oil, and also fur- 
nished witli a clean eover. 

The rc'quisitf quantity of enulin is weighed out 
and put into the tub with fifty times it.s \v«nght of 
•yratiT, and the whole brought up to a temperature 
reaching, but not exceeding, 40° C. (104'-* K.), by direct 
admission of steam, thoroughly stirred, ami the ])ur<‘ 
culture t)f lUivilluH ermlUntt added to the mixture. 
The temperature must not ho allowed to fall below 
25° (\ (K7° K.), and a little stf'am shoiiM he admitted 
iirst thing in the morning, again at noon, and in the 
evening, to bring th(' tiMujierature ii[) to 40° C. (104° F.)* 

A ]iraetieal mode' of proe<'dun' is as follows : 
On b’riday make np and start fermenting twi<*e aa 
inueh erodin as will he rot|uirod for a day’s work. 
'J’his is allowed to r(‘main niuh'r tlu' ahov'^<‘-m<'ntiom‘d 
Conditions until Monday. On Monday, ludf the 
amount will be used fo'* bating ; this is replaced by 
an equivalent amount of fresh erodin powder, dis- 
solved in tifty times its weight of water, which is 
added to the already lerm<*nted erodin in the tub. 
l*ro(ieed in tliis way each ilay until the following 
Kriday, when there will ho left in the tub suflicient 
orodiu for one day. 'Phis is put into a smaller tub 
for use on Saturday, and the cycle of operations 
is rej)oatod. 

One jairo culture of liacUlus erodiens should be 
used ftir every 11 lb, err /din powder, <ir less (|uaritity. 

Suppose the amount of erodin roquii'od for a day’s 
work to be 1 1 lb, (5 kilos), then on Friday 22 lb. 
(10 kilos) erodin must bo mashed as above described 
in 110 gallons (500 litres) of water, two nuro cultures 
added, ami alkiwed to ferment till Monnny. 

On Monday half i»f this is used, and to the remainder 
II lb. (5 kilos) erodin and 55 gallons (250 litres) 
water is added. This is repeatixl on 'I'm^sday, 
Wednesday, and Thursday ; and on Friday half is 
used, and the remainder put in a separate cask for 
use on Saturday, and in the mashing cask a fresh 
quantity of 22 lb. (10 kilos) erodin with 110 galloiis 
(500 litres) water is made up for use next week. On 
Saturday the remainder of the okl mash is used up. 

In case tliis mode of procedure is, for any reason, not 
suited to the conditions of work, erodin may bo used 
by making up every day a fresh quantity with fifty 
times its weight of water, adding the pure culture, 
and allowing it to ferment three days before use. 

This substance is coming inord and more 
into general use, both in England and on the 
Continent. It has the advantage of being 
chemically composed, and therefore regular in 
its action. On the whole, with its obvious draw- 
back of being a warm puer, erodin may claim 
to be an effective substitute for dog’s dung. 

When sufficiently piicred, the skins should 
have a silky feel on the grain side, wdth a rather 
slippery touch ; if pressed between the finger 
and thumb, the impression is dark, and flesh and 
adhering matt^ slide off at a mere touch. 


Drenching. Sometimes leather manufac- 
turers make drenching a siibstitub' for bating or 
piiering on calf-kid ; but tb(‘ more gimcral prac- 
tice is to drench after cither of tlu'sc processes, 
for the purpose of thoroughly frci'ing the skins 
from lime, and, in some cas(‘s, making them less 
flaccid. Drench licpior is produced by an in- 
fusion of bran made with, hot watm*. fermented 
by two haederia. named linrfrn'uni lnrfi(n'.s {a and 
h), which dcveloj) acetic and lactic acids. 

The bran should first b(‘ washed free from sur- 
plus fatty matter ; the washing at the same time 
causes the flour to adhere to the grain. In prae- 
ticc, the composition of the drenching liquor is 
varied according to the wiMglit and thickness of 
the pelts. 

An average drench is made of five parts of liran 
to imv> thousand parts of wafer, r.inging about 
10 per cent, of flu* eight of the hatcji of skins. 
If the drenching is meant to be slow, the tem- 
perature of the liquor should he ,50" F. ; hut for 
quicker action and thicker hides, a higher tem- 
perature is nece ssary. Take a frc'shly prepared 
drench, add a small quantity of old liepior to 
promote fermentation, ami lay in the skins. Fer- 
mentation soon iH'gins, ami the evolved gas(‘s 
permeate the skins, making them rise to the 
surface. As the skins come up, they should lie 
drowned again, till minute blisters licgin to form 
on the grain, and then tlu'v must he taken out 
quickly. This is a rough rule, and sometimes 
leads to trouble, Ix'causi*/ the blisters sometimes 
suddenly appear and burst, without warning, 
making pin-holes in the skin. 

Experienced workmen know by the feel of a 
skin when the drenching has gone far enough, 
and it Is to be feared that no very safe rule can he 
given on a basis of theory. VVhen sufficiently 
drenched the skin folds easily without a crease, 
and appears white and soft. By careful testing, 
the exat^t point of .suffieiemey can Ikj readily 
ganged in practiee. 

The Tanyard. The tanyard is still the heart 
of the leather industry. IIitc in those deep 
pits work the pres(*rvativo agents that combat 
the forces of decay. An old tanyard is 
a place almost venerable, a kind of temple 
dedu^aUd to the regeneration of animal matter. 
The pits range in rows f\iU of watery liciuor ; 
the men, clad in heavy leggings and aprons 
of leather, wield long hooks; the hkh^s arc 
huge and weighty, and flop from pit to pit like 
helpless monsters of strange shape ; human energy 
and raw materials arc abundant ; and the men 
are alon(\ 

The Tanner. It is admitted that the 
leather industry seemed to stand still for several 
centuries, but no one is entitled to infer from 
that a lack of intelligent appreciation in 
the tanner of the mystery and dignity of his 
craft. 

Perhaps the very strangeness of the element 
with wliich he worked so strongly impressed the 
olden-tirnc tanner, that he felt afraid to venture on 
interference. Here, he might say, is a decaying 
hide, decaying in spite of washing and liming, 
and by putting it among this tanning liquor 1 
can make it immortal, impervious to decay, the 
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fit cover of the Eternal Word, or the lining of 
the roller that holds the king's crown. No man 
works amid marvels so evident without 
rt^flertion. Perhaps the tanner’s reverence had 
the hest of all practical issues the resolve to 
use the mystery nobly and produce honest work. 



4. BAUK MILL Hall & C«)., Lee<ls) 


any class of manufardurers contains so large a 
j)roi)()rtiori of men so deeply concerned in the 
(piality of their product. We hav(* seen tanners, 
men of wealth and eultun*, scanning the half- 
tanned hidi; under the inieroseope, and handling 
the finished butt ” with as mueh pride as the 
most ardent artist (‘ould bestow upon his most 
finished work. I’his is the spirit which ean be bred 
in the tanycard, the impulse every true workman 
may feel if he he alive to the wonder, of his craft. 
It may be that the centre of the batth^ between 
the tanner and the forces of putrefaction is 
moving from the rough arena of the tanyard 
to the seU'Utific lalioratory, that the swish and 
plump of the liidcNS in the haiKl.s of strong men 
will give plae(? to the powerful roll of maebiiK*s ; 
but for many y<'ars yet the tanpits will remain 
a rough and healtliy di.scipline for tlm tan-worker, 
and aftor that a stirring recollection, like the 
memory of battles won by sword and spear, 
'fhe leather maniifacturor must always remem- 
ber that his product doens not go into the hands of 
an undise(‘rning public, but into the worksho]Ks 
of the <‘xpert, whoso trade depends largely on 
the (piality of his raw material. 

Tanning Materials. Tannic acid is 
a vcsgetable acid socn^ted in the bark and l(»aves 
of numerous trees, and suppo.sed by botanists to be 
a protective developed by the tree against the 
attacks of inst‘cts. C Chemists are constantly 
enlarging our supply of this impirtant material, 
discovering tannic acids in various vegetables 
hitherto imsuspeetcd of containing the agent. 
But, our object is immediately practical, 
we shall confine om*aelves to those materials in 
general use. 

Oak Bark, 1Hiis is the oldest, most 
abundant, most commonly used of tanning agents. 
The commofi English oak givt^ the best tanning 
results, yieI(|lQg about 18 per cent, of tanning 
soiia. - 


matter. Young and coppice oaks, being juicy, 
give the best bark, though felled oaks, with the 
wood matured, arc strippexl of their bark by the 
application of steaming, the softened bark pro- 
ducing an average of 14 per cent, of tanning 
matter. Oaks gi’own on rich warm soils give 
the l)est barks. Cut in the early spring, when 
the living juiebs are rising, tlio healthy bark 
shows a bright n’^d fl(*sh inside. When dried, 
the inner coating turns a pinky red. If the skin 
be dark, the (luality of tli(^ bark is inferior. 

Valonia Oak. Abundant in Asia Minor 
and (.Jre<x*e, the valonia oak {Q, /Etjilo'fjfi) yields 
a rich tanning li({uor, esp(?cially suited for tan- 
ning sole l(*at hei*. 'I’hc source of the tanning agent 
is the fruit winch ripens between July and August. 
AfUir l)eing beaten off the brandies, the aeorn-s 
are left on the ground to diy. In a week or so 
the gatherers eorne and put them into bags, 
in which iluy ai*e borne to Smyrna. Here the 
ac’orns are .stored in eellar.s and allowed to fer- 
ment till the nuts fall out, leaving the cups. 
When the fermentation has separated all th(^ 
non-tannin parts, tlu^ valonia is carefully picked 
ov«‘r, and the bulk .separated into thre^e cpuilitics 
— first, s(‘cond, and third. The second (piality 
is that mostly sent to Kngland, the flitferenee 
between it aiul the first In'iiig merely in the smaller 
size of the cu])s. On tlu' average, the tann(*rs of 
l!i<‘ United Kingdom im})oit annually 24,000 
Ions. 

Chestnut Oak. America produces its 
own tannins, and th(‘ most, valuable is the product 
of ihv, ch(‘Htnut oak, a tr('(* clo-sely allied to our 
own oak. Th€> bark yi(‘lds a strong infusion, 
and in general may be used as an efficient sub- 
stitute for English oak. 

Hemlock Fir. This is the principal tan- 
ning matc^rial of the American tanner. Though 
not so fertile in tannic acids, yielding about 
10 ])er cent', as compared with the oak yield 
of 23 per rent., the tree is veiy abundant, easily 
grown, and (‘a riy jiroductive. Tbo bark is smooth 
and yiJlow within, eoat(‘d with a greyish rough 
epid(Trnis, a.nd contains a good (quality of tannin. 

Sicilian Sumach. Sumach ranks as, 
perhaps, the very oldest of tanning materials. 
The extract is derived from the Jeav(^s and small 
twigs of a scrubby bush, native to Sicily, where 
the growing of th(^ plant is a regular industry. 
Tli(' plants arc propagated by small suckers 
from older bushes, and set in the ground in rows 
about two fi‘et apart. When a year old, the 
plant.s are really for cutting and gathering. 

T. i(‘avi'H and twigs are separately (Iried and 
ground. Palermo is the c(mtre of the trade, 
and thence it is shipped all over the world. For 
pale colour and soft tannage, morocco, roan, 
and skivei*s, sumach is the befit material yet 
known, and produces leathers of bright tint 
and almost indestructible quality. Light and 
gas fumes affect sumach -tanned leathers in no 
degree. That material is, therefore, employed by 
tanners of binding and upholstery leathers. 

Virginian and Australian Sumach. 
The late lYofessor Trimble discovered in Virginia, 

U. S.A., a small plant, named in botany Rhus, 
glabra, with qualities kindred to the sumach, 
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the leaves of which, on analysis, were found to 
contain about 20 per cent, of tanning material. 
On this a considerable industry has been built 
up in Virginia. About the middle of duly the 
loaves arc gathered, dried, and ground. Vir- 
ginian sumach, though strongc'r in tannic acid, 
lacks the lino quality of Sicilian, ])roducing a 
yellowish leather in contrast to the pure white of 
the latter. Australian sumach has all the fine 
qualities of the Sicilian variety, bc'ing produc*ed 
from suckers of that })lant ; but as yet the trade 
is small, and therefore the tests have not been 
very thorough. 

White Birch. Common birch bark is used 
for tanning sheep and goat skins in various 
northern countries— notably Scotland, Norway, 
Sweden, and Russia. The most important use of 
the birch bark, however, is the production of 
the tarry oil which gives to Russia leather its 
peculiar odour and insect-resisting power. When 
distilled, the birch bark gives olt an oily sub- 
staneo which, when treated with petroleum ether, 
becomes the well-known Russia leather oil. 

As we ha,vo said, the sources of tannic acids are 
manifold ; oak galls, poplar bark, willow bark, 
roots of docks and pahiu;ttos, and various kinds 
of nuts in various forms, raw, ground in a bark 
mill f4J, and prepared, are employed in tanning, 
and all with a certain measure of success, the 
value of each being mainly dependent on com- 
mercial considerations. Roughly spe^aking, if a 
tanner finds he can get the same tannage value 
out of a cheap willow as he can out of a dear oak 
bark, ho will use the former till the 
latter is reduced in price. 

Soles and Belts in the Tan- 
pits. Th(^ objetit of tanning is to 
isolate the fine fibres of the hide and 
to sterilise that fertile albuminous 
matter which in life connects the fibres. 

The agent of this is tlu^ combination 
of chemical matters, practically named 
tannin or tannic acid, and present in 
the bark of oak, oak chest nut, and 
birch, and the fruit of valonia. We 
have seen the hides and skins come 
through the various processes by which 
they are prepared for tanning. Solo 
and belt leather hides have been lot 
off lightly in wiose preliminaries, and 
now suffer the consequence. Few tan- 
ners think it necessary to deli me these 
hides thoroughly. 

Tanpits. The tanpits are ranged 
in rows, and the series is divided into three — the 
suspenders, the handlers, and the layers. The 
suspenders for the complete deliming and 
breaking-in of the hides to the tanning liquor, 
the handlers for the gradual process of tanning 
with stronger and stronger liquor, and the layers 
for the complete saturation of the hides with the 
utmost quantity of tannin they will carry. 

The Tanning Liquor. Oak bark is 
seldom used by itself, for it is dear, and a large 
quantity is consumed in the work ; but, for the 
sake of simplicity, we shall consider it alone. A 


practical tanner first prepares his tanning liquor. 
Leaving aside the analysis of barks, the grinding 
and other preliminary nrocesses, which scarcely 
belong to tlu^ tanyara, wo look first at the 
leaches. This is a series of water-filled pits in 
which tile liquor is pn^pared. By means of a false 
lattice floor, the tan bark is prevented from 
silting under the water. After the bark has lain 
a ronsidcrahlo period in the loach, the liquor is 
run off into the next leach, adding its stn'Ugth 
to the liquor already there, and so on through 
the stories till a strong liquor is obtained. But 
there is another method of obtaining strong 
tanning licpior. When th(5 hides have passed 
through th(^ handler pits, they are put in the 
layers, so named beeausi^ as each hide is put in 
a layer of fresli tan bark is spread over it. A 
tanning liquor of great strength is thus 
develoj)ed in the layer pits. Now wo are 
ready. 

Tanning. Hides are of varying thickness, 
thickest on the Viack, and thinning out towards 
the belly, the loins, and the iKH'k. To coricen- 
irato the tanning liquor on the “Initt,** as it is 
called, the thin parts are cut aAvay and left over 
to be treated as dressing Icsaiher. Having been 
cut, the butts an? hungpiTpendicularlyinihesuH- 
p(;nd(;rs— pits with a wat(‘ry liquor, dootored, 
pi'rhaps, with boric aeid to assist in the pre- 
(dpitation of the lime remaining in the hide. After 
hanging in the suspenders for about two weeks, 
the pack is moved into the oldest and weakest of 
the series of eight pits we have named handlers 


The pack lies in this pit a very short time, and 
when it is lifted out the pit is emptied and 
filled with strong liquor fresh from the leaches, 
or layers, or both. From the next strongest pit 
the hides are lifted and put into this fresh one, and 
the young pac^k shifted down to the next weakest, 
the series of packs being shifted up one. In ibis 
w’ay the hides pass from stronger to strongtir 
liquor in slow gradation, and at last arrive at tlui 
layers, in which they lie any period, from two 
months to two years, after which they arc dried 
in a loft [5]. 



6. SKINS DRYING AFTER TANNING 
(From a photo in Elawick Leather Works, Newcastle) 
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part, as in the case of fulness at the top of at both] 
side seam in lounges, which is frequently caused from foi 
by too much suppression taken out of the over the 
waist. Wat< 

Twisted seams are caused by the upp<^r and made uf 
lower layers of the material not being put to- with tail 

gethcr fairly, tho#>ne being kept tight, whilst aftt*r th 

the other is fulli;d on ; this result is often brought finislu'd. 

about by the use _ 

of the sewing J 

machine before 

the scam luxs t ' ^ if 

been basted. 

In deciding the ^ / /\ 

(!ause of a dthu^t j^2 \j y 1 5 \ 

it is essentia 1th at jV y r ^ \ \ 

an examination / y / * / ^ \ \ 

should be made / \ ^ ^ y • ' ^ \ A 

ofthesur- [ y 7 I I 

rounding ' Y / / p/ / 

part,s, as D / x ‘ ^ I I 

different , \ ^ \// ly I 

causes ‘ ^ / \ Pv-— TY 

produce defects ...1 — . W \ i \ iW 

that an' very \ I / W 1 \ ( 

much alike. «- 

If it is a ease oa oo 

,)ftightno88,noto 28-28. FirriNO 

the direction of the strain. If folds, observe the it water 
way they run. If fulness, examine for tightness up as po 
of surrounding parts. If twist, observe the returruKl 
direction of the twist. do it th 

'ricuiT soYE. If arising from lack of room is very h 
from centre of back, let, out at undei-arm seam. able to 
If caused by shortness from nape of neek process, 
bottom of scye, let out shoulder point or d<H*|K‘n dernl al 
scye. It may also need a larger sleeve. of a poi 

Fulness at top of side seam. If produced of clean 

by a too long back, pass back up at sliould€>!r8 days; tl 

and neek. If by badly put in sleeves, rip out it off an 

tlie sle(w(^ at that part, draw in the bac'k scye, isinglass 
and keep the sleeve in close, disposing of any warm v 

fulne.ss there may be right at tlie l>ottom of tlie mixed, j 
scye. If by too much hollow at waist, let out five or 
side seam at that part. If by tightness over drain ar 
the seat, let out at that part. If by too short a Garim?nl 
collar, lengthen the collar or put on a nc'w one. and wil 

Fulness at front of scye. Crooken the of rain, 

shoulder and take a V out at front, of gorge. How 

Creases across the forearm of sleeve. the simj 

Lower forearm, or raise the front pitch and lower this rna^ 

the hind arm pitch. the mat 

Tioutness on top button. (h'ooken the and lott 

shoulder, and, if necessary, let out under-arm. reverse ( 

Fulness at top button. StraighUm the cotton- 

shoulder and, if necessary, take in under the arm. it in dilp 

Fulness at fork of trousers. Rcxluce width for half ; 
at bottom of fly seam, and take in at top of leg and dry 

seam. is 180 '" t 

Strain from fork to knee. Let out at If it is 
top of leg seam and, if possible, crooken the seat dissolvec. 
seam. neutral 

Horseshoe folds in trousers. Rip side arc a fe 

seam and leg seam, and keep under side on tight chemist 

Tailoring concluded 


at both leg and side scams for 10 in. or 12 in. down 
from fork, and full on a corresponding amount 
over the calf. 

Waterproofing. Many garments are now 
made up from shower-proof c loth. It is common 
with tailors to send thegarment to be water})roofed 
after the scams are st'wn, etc., but before it is 
finislu*d. There is no doubt this plan is much 

V ✓ ^ better than the 

^ " old styles of mae- 

J ^ V intosh, which 

{ ) were not only 

8 iiiicom- 

y fort able but very 

, jc\ Av ^/\ unhealthy. The 

A \ ^ Qjf / Y \ perfect vcntilat- 

/\ \ / \ "'K finalities and 

/ \ \ j ^ ! / / \ superior ap- 

' I ' I 10 r J 

/ / i \ / 'r-' / water f)roo fed 

1 I J A I / ^ 

I?/ / Y / ^ ^ great advantage. 

u 'I — — I rul(\ tailors send 

( W I || I tlie garment to 
/rtgl wholesale 

' woollen ware- 

liouso to have 

it waterproofed as far forward in the making 

up as possible ; and as this is invariably done and 
returruHi within two days, they seldom trouble to 
do it themselves, especially as the charge made 
is very low. Still, it may be advantageous to bo 
able to do this, and so we will d(‘seribe the 
process. Dissolves a quarter of a pound of pow- 
dernl alun», and rather mon^ than a qiiarter 
of a pound of sugar of lead, in throe gallons 
of clean water, stirring it twice daily for two 
days ; then, when it has bet.ome quite ckuir, pour 
it off and add to the clear liquid two drams of 
isinglass which luis been previously dissolved in 
warm water. Ensure this being thoroughly 
mixed, and then steej) the garment in it for 
five or six liours, after whicl) hang it up to 
drain and dry it carefully, avoiding wringing. 
Garimml^s treaUd in this way ani shower-proof, 
and will keep out a considerable quantity 
of rain. 

How to Test Cloth. If cotton is suspected, 
the simplest plan is to dissolve all the wool ; 
this may t'asily be done by putting a piece of 
the matiYrial into a solution of caustic potash 
and lotting it boil for a short time. If the 
reverse operation is desind — lc., to desti oy the 
cotton — it may be done in this manner : Soak 
it in dilute sulphuric acid standing at 4'’ Raume, 
for half an hour, them tak(? it out, rin.se, wring, 
and dry it in a place where the temperature 
is ISO'^ to 200^ F. 

If it is dednd to remove silk, it may be slowly 
dissolved by concentrated zinc chloride made 
neutral by boiling with zinc oxides. The.sc 
arc a few things out of many in which the 
chemist can help the tailor. 
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OhOASIO 
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By Dr. C. W. SALEEBY 


MEXT to water, alcohol ia the universal 
^ solvent. It is invaluable as a solvent 
of varnishes, and, indeed, tlu^ro are vt'iy few 
orj^anic substances which are not more or lt‘ss 
soluble in it. Wo may note alkaloids, volatile 
or essential oils, resins, iodoform, besides many 
other newer mcdicanuaits. Many of th(‘so 
organic substances are contaiiU'd in }»lants and 
havo a niedi(^inal value. 'riius a very la^go 
numb(u* of rlrugs are administered in the form 
of alcoholic solutions or tinctures. Modern 
chemistry, however, 1ms larg<‘ly advanced beyond 
this stag(^ and is able to extract from such 
tinctun^s the active principle which they con- 
tain. Such a.ctiv(i principle.^ can then be 
administeicd alone, with great advantage on 
the grounds of a(‘curacy, purity, precision of 
dosage, and ease of administration, the solo 
distid vantage being that of exjiense. 

Alcohol an Antiseptic. Since alcohol i.s, 
in general, what wo call a protoplasmic poison — 
that is to say, a substance which is deleterious to 
all forms of life — it is, of course, an extremely 
valuable aiitisei)tic, and, as such, has certainly 
been used for ages. The classical instance of 
the use of aleoliol in what is now called antise])tio 
surgciy is, wo think, the parable of the Cood 
Samaritan, who, finding the stricken Ji^w by tho 
wayside, “went to him and bound up his wounds, 
pouring in oil and wine” (Luke x. 34). Even 
at the present day alcohol is not infrequently 
used by the surgeon as a basis for various soaps 
for tho purilieation of the patient’s skin and of 
his own hands. It is also lised in order to pre- 
serve various surgical materials. In the form 
of methylated spirit, it has long been <‘mployed 
as a preservative for dead shakes, pathological 
specimens, and so on. It has been us(;d as an 
antiseptic in internal medicine ; but it is one of 
its properties, when highly concentrated, to 
interfere with tho action of the ferments of 
tho stoiuficli ju.st a.s, after a certain point, 
it arrests the action of tho ferment seerefecl 
by the yeast that produces it. Thus its 
medicinal value on this particular score i.s 
probably negligible. The explanation is that 
the alcohol ))reeipitates tlie pepsin or ferment 
of the stomach. 

Vinegar and Obesity. Perhaps tho 
importance of the subject wall excuse us for re- 
ferring to the only fashion in which acetic acid 
is nowadays employed internally in medieiiie. 
This is done t)ply by extremely foolish girls or 
oth»^*r. pt'ople who are afraid of becoming stout, 
and, iustciui of applying the most elementary 
chemical know ledge l the problem, which w ould 
naturally induce them to lessen the amount 
of oxidisablo matter they consumed and to 
increase the opportunitios for the oxidation 
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of what remains, proceed to dose themselves 
W'ith vinegar, which they havo been told is a 
rtuuedy for obesity. Now, it is true that tho 
drinking of vinegar will lessen weight, and it 
is al.-^o known precisely how it acts. It is 
w'orth while to explain this, not only boeauso 
it may afford a warning of practical importance, 
but also bc^caiiso we may contrast it with tlio 
behaviour of certain other organic acids and 
organic salts, wdiicli have an oxtremely 
interesting action of a most unexpected kind, 
but. capable of eoinjiUde chemical explanation, 
when they are introduced into the blood. Tho 
(Iriukiug of vinegar j'eduecs tho w^eiglit of tho 
foolish j)atieiit because it sets up a mild 
iiillammation of the coat of the stomach and 
thus acts as a cluM-k upon the absorption of 
the food. It will be obvious that, of the many 
foolish things that people do for tho sako of 
appearances, this is an exami)lo that can defy 
most (competition. 

Action of Similar Substances. If, 

however, wo turn our att(mtion to such salts 
a.s tlu^ ae(d.ate of potassium, which is witliout 
the local irritant action of acetic a(ud, or if w^e 
take such <'xamp](>s as citric iwid, such as occurs 
in oranges and kmions, linu^s and citrons, wo 
lind that those substances do tend towards the 
reduction of the bodily W'cight. It is a general 
proposition in ]>hysiologicai chemistry that the 
rale of oxidation — or, to use a more gtawTal 
term, of w4iat physiologists call kataholism — 
varit^s directly as the alkalinity of tho blood and 
tho bodily fluids in general. Any substance, 
tlmrefore, that makes tho blood more alkaline 
UmkIs to increase oxidation of su[)erfliious fat, 
and so to counteract obc^sity; on tlm contrary, 
any substance which reduces tho alkalinity of 
the blood will Umd to lessen the rate of oxida-, 
tion and so to increase the accurmdation of fab. 
If the blood be not alkaline, and dtdinitely so, 
life (?annot continue ; “ acidity of tho blood has 
no cxist<‘nc(^ hut the alkalinity of the blood 
may be more or less 7narked. What, then, will 
be the effect upon the blood, and therefore upon 
tho rate of oxidation in the body, of drinking 
a glass of lemonade ? The inevitable answer 
would seem to bo that the alkalinity of the blood 
w^ould be lessened and oxidation retarded. Some- 
what paradoxically, however, precisely the reverse 
is the case. Citric acid, its salts tho citrates, the 
acetates, and other similar organic acids and 
their salts ^^tually increase the alkalinity of the 
blood, l)ecausc they do not circulate in the blocd 
as such ; nor does citric acid, for instance, neu- 
tralise part of tho bicarbonate of sodium in tho 
blood and thus lessen the alkalinity of that fluid. 
On the contrary, the citrate thus formed — and 
tho same is true of similar salts — ^is known to be 





OHSMI8TRV 


oxidised by the oxygen present, in the form 
of what we have recently referred to as HbOo, 
or oxy-hajmoglobiii, in the red "blood eorpiiscle*?. 
The consequence of the oxidation is to convert 
these salts into definitely alkaline carhonairs. 
Hence, the ultimate result of taking such acids 
as that of the lemon is to incre/ist- the alkalinity 
of the blood and therefore the rat<^ of oxidation 
in the body and the dissipation of any oxidis- 
able material such as fat tliat may have accumu- 
lated in too great measure. 

Local Actions of Alcohol. But 
alcohol has some other local actions in relation 
to living matter, these being dependent on its 
physic*al and chemical propcrtii^s. It evaporates 
with extiemo quickness wh(‘n(iviir it is exposed, 
and thus, if it Isi applied to the skin, it has a 
marked cooling property, the traiisfonnalion of 
the alcohol from the liquid into tluj gaseous form 
necessitating its absorption of lu^at or kiiuitie 
energy, according to tiio principles with which 
the student of phj^sics has ht'.cojne familiar. 
On the othca* hand, the physical propiuties of 
alcohol may he ditfcrcntly used. For if it ho 
applii‘d to tlu^ skin and pr(^vented from evapo- 
rating, its physico-chemical nlfinity for water 
manifi^sts itself ; it absorbs water from the 
tissues around it, and thus hardens tlumi. It has 
the common action upon all living tissues of 
extracting Avatcr from tluun. \Vli(^rca.s it is a 
solvtmt for a very large number of organic bodu‘s, 
it coagulates or solidifies albumin if it is able t/O 
act in strengths of 00 per cent, or upwards. 
Lastly, w'(^ may note as a contact or chemical 
action of alcohol upon living tissues, that after 
stimulating the ncrvcjs of sensation it slightly 
weakens their sensibility ; in other w'ords, it is 
a W'cak local ameslhctic. 

In quite recent times, to have stated this last 
fact, for instance, would* have been rcgard(‘d as 
an intrusion in a courses of ch(miistiy. Indeed, 
it may bo questioned whotheu- there is any 
ehemical textbook whieh contains it. But 
facts liko these afford a very curious instance t)f 
tlie way in wliieh sdenco is injured by being 
divided into compartments. 

The New Science of Pharmacology. 
The present writer has taken the trouble to go 
through all his books dealing with the action of 
drugs upon the body, on the one hand, a.nd, on 
the other hand, all his books on clieniistry. In t 
first series of books the actio/i of alcohol on tluj 
nerves — which wo mi^rely take as an instance * is 
noted and left as a sort of ultimate fact. There 
is no suggestion that it has any chemical signifi- 
cance. In the chemical hooks, on the otlier hand, 
it is not alluded to at all. The chemist thinks it 
outside the province of chemistry, and the stu- 
dents of drugs act as if they thought it needless 
of explanation. This is very bad indeed for both 
soiences. Of course wo are far from asserting that 
the leading experts keep these two subjects apart 
in their minds as if they were unrelated ; but, 
at any rate, the student is loft to find out for 
himself that they are related — that, in fact, there 
are not sciences but Science. 

All over the world men and women are now 
Studying the action of chemical bodies upon 


the various tissues and structures that are 
found in the living bodies of animals and 
plants. This new science is known as 
rrmwhgy. Its practical importance in medi- 
cine is, of course, obvious. Plainly, tlio doctor 
is morn likely to use his drugs wisely in dis- 
ease if ho knows their action in hcialth. It is 
from this point of view that pliarmac^ology is 
eoinrnotily regarded. For instance', as avo hiiv(^ 
seen, medical nu'n ought to know, as cveryoim 
does know, that the local application of alcohol 
has a soothing action upon irrit-ahlo ti.ssucs. 

But, more widely considered, this ])racti(al 
asp(‘ct of pharmacology is sih'U to lx? a very small 
matUT. When we come to think more con- 
secutively, w’(‘ stM' that pharmacology is really a 
luwv and immeasurably eomj)l<‘X chemistry ; but 
there is no domain of iliemistry whidi promises 
to be mori' fruitful. Su[>pose, for instance, that 
it could be shown that the activity of the ncTvc'S 
de])ends upon a physico chemical change in the 
all)uminous matter of which they an^ comjjosed 
— as in all probability it docs — and that the 
atdion of alcohol, like that of so many other 
snbstane(‘s, in first stimulating and then de])ress- 
iiig the activity of tlu^ lU'rvcs, (‘oulrl lx; shoAm 
to depend upon its precipitation of tliis albumin 
or those albumins ; and suj)pose that this 
property of alcohol in this particular iiisliineo 
could be found to fall into lim* — as not improb- 
ably it d(x's — Avitli its action upon other living 
tissues (which all contain albumins), so that in 
onci single statement there could be summed u]) 
a chemical explanation which would eova^r both 
th(^ action of alcohol on the brain and its action 
upon the living cc'lls of some humhh^ plant-- 
plainly this would ho scit'iu'o of a vc'ry liigh ordcjr. 

Chemical Substances and Living 
Tissues. This, indeed, is tlu^ kind of seiimeo 
Avhieh is noAv dawning. The elu'inist must not bo 
allowed to ignore, as if they wt'ro non-('.Kistent or 
unint<‘resting or non-ch<unieal, the reiuaikablo 
ehemical interactions Ixdwccm innuimnablo 
chemical siibstancos and living tissues, whieh 
are tlumiselves ch -mical comph'Xt'S ; nor, on tbii 
othtu* hand, must the medical stmh'iit or hiol(>gist 
be allowed to study chemistry in his first year of 
study, pass an (‘Xfimination in it, cast it behind 
him, turn to the study of pharmacology, Icarii 
the action of alcohol upon n(^r\ous tissue'. —and 
never for a moment sus]xH*t that this is nom- 
othcr than a liigluT chemistry for which the 
other w as a })rc pa r at ion. 

Ther'i! a'T quite a number of chemical sirh- 
stances whie h pluirmacologists ar‘c coming te)rauk 
as protoplasm ic jHtisons. Pr ert e)plasm, as the readeji* 
knows, is the name applie*d to the conrplex of 
chemical e-ompounds Avliich is regarded as the 
“ physical basis of life ” (Huxley), alike the life of 
a bae'terium or the life of the body erf man. It is 
of the^ utmost interest to discoA'or that there aro 
ce^rt-aiii suhstanct's, such as antimony, arsenie.', 
ale-oherl, e'hloroform, earbolie; acid, prussic or 
hydrercyanie acid —to name only a few out of a 
gi’oat host — wliich seem to interfere with the 
processes of living matter, to thrust a sperko 
into the wheel or cycle of its chemistry wherever 
it is found. Such facts must rouse our scientific 
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intercBt. We are compelled to ask ourselves, 
in each case, what is the chemical explanation ? 
We cannot help suspecting that it is one and the 
same explanation for the wliole series of living 
forms wh(;n affected by a given substance — as, 
for instance, let us suppose, the interaction of 
alcohol and albumin, wlicrcver albumin is found, 
ortheat^tion of alcohol upon the water which is 
present in all living tissues. Whether or not 
we are able to reduce tht; facts to a deliniU^ 
chemical explanation, they tea(‘h us, as their 
chief lesson, the common character, the essential 
unity of protoplasm everywhere, so that, no 
matter where it o<;curs, a drop of prussic iicid or 
alcohol or chloroform will form a definite^ reaction 
with it, just as hydrochlori(r acid and sodium car- 
bonate or carbon and oxygen have definilie rela- 
tions with one another at all times and all plm^es. 

Opinion versus Science, it is partly 
in order to insist that the whole of pharma- 
cology is really a special province of chemistry 
that wo have made this digression, but partly, 
also, in order to give prominenec to the fact 
that the pharmacology of alcohol, or the 
results of its ehemicial relationships to the 
various tissues and organs of the Imman body, 
is not nowadays a matter for individual expe- 
rience or for more opinion, but is a matter to which 
science has dcvoUal very great attention for 
the last twenty years, and on which the most 
important and precise conclusions Imvc been 
reached. These; conclusions are of the utmost 
imjiortance — individual, national, racial, and 
oven (5thical. Unfortunately, this is not yet 
generally recognised ; it is not known that there 
is, so to H{>eak, a science of alcohol ; still less 
are its conclusions common property. Hence, 
extremists or biassed pirsons of all shades of 
opinion are able to promulgate whatever 
doctrines suit their creed or purse or tempera- 
ment. It is in order to remedy these evils that 
a company of expert^j is now preparing a book 
which, it is hoped, will put an end to the pre- 
scientific stage of the discussion of alcohol. 

A very large number of details in the phar- 
macology of alcohol are as yet incapable of a 
chemical explanation, and, therefore, in this 
place they must be ignored. But some of the 
most important of the properties of alcohol 
are strictly referable to chemical conceptions. 
It is, indeed, a very great pity that even the 
barest allusion to these should ne lacking in the 
ordinary chemical textbooks. 

Alcohol and Temperature. For 
instance, it has long been known that alcohol 
reduces the temperature of the body. This it 
does in various ways, as, for instance, by sending 
a lot of blood to the surface, where it warms the 
nerves of heat and makes us think we are warm, 
whereas, of course, we are losing heat as fast as 
possible by radiation and conduction. But the 
most remarkable manner in which alcohol lowers 
the temperature is by interfering with oxidation 
in the body. This oxidation depends upon the 
properties of Jie red colouring matter in the 
nlood, which, as the reader knows, is called 
hcsnvoglohin. For convenience this is symbolised 
by the let ters Hb. As this Hb passes through 
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the lungs, it becomes oxidised, forming a loose 
but deiinite chemical compound which is called 
oxy-hmmoglohin, and may be symbolised by 
the formula HbOo. We dogmatically assert 
that this is a true compound because, when we 
examine venous and arterial blood by means of 
the spectroscope [sec Physic.s], wo find a definite 
and constant difference between the spectrum 
of the hfemoglobin in the one and the oxy- 
haemoglobin in the other. There can be no more 
final proof that the oxygen has formed a com- 
pound with the haemoglobin in the case of the 
arterial blood. We know, of course, that this 
compound has a brighter colour. The whole 
value of HbOo in the economy is that it is a readily 
decomposed (jompound, very easily giving up its 
oxygon for the purposes of the life of tlie tissues. 
Now, it has bet;n clearly proved that alcohol 
increases the stability of HbO.^, with the conse- 
quence that the tissues are relatively starved of 
oxygen. Quinine and prussic acid nave similar 
actions upon this compound. In the case of the 
latter, the decomposition of the oxy-ha^moglobin 
is absolutely arrested, and death ensues from 
what is, in effect, none other than sutfoeation. 
The <;ontimied ingestion of considerable quanti- 
ties of alcoliol tends to interfere so definitely 
with the oxidation of the bodily tissues that the 
oils or fats of the body accumulate and the 
patient becomes the subject of a morbid stout- 
ness. On the other hand, in cases of fever, the 
administration of considerable doses of alcohol 
may be extremely valuable in lowering the tem- 
perature by the moans we have described. 

Oxidation of Alcohol. And this leads 
us to a new and still more; interesting aspect of 
the subject. Everyone knows that alcohol bums. 
We students of chemistry know, d frion, that it 
imst burn, because we know its composition. 
In each molecule of alcohol there is already 
merely one atom of oxygen, which may satisfy 
the desires of tw'o atoms of hydrogen in 
leaving four atoms of hydrogen and two of car- 
bon unoxidised, and therefore combustible. Now, 
alcohol is not, of course, oxidisable at the 
ordinary temperatures of the air. It does not 
undergo what is rather stupidly called 
taneous combustion. Just as in the case of coal 
or wood, one needs first of all to raise the tempera- 
ture very considerably by means of a flame, 
and then the oxidation will occur — itself pro- 
ducing a temperature high enough to permit of 
its own 'continuance. 

The probability, then, v;ould appear to be 
that alcohol cannot be ojiidised in the body, ^ 
which, after all, has a temperature not so very 
much higher than that of the atmosphere. But, 
on the other hand, other factors than tempera- 
ture may induce the oxidation — presumably, as 
will have occurred to the thoughtful reader for 
himself, by providing those unlmown conditions 
which are necessary to oxidation and to the 
production of which high temperatures owe 
their power of inducing it. We must not, 
then, answer this question as to the oxidation 
of alcohol, even at the comparatively low 
temperature of our bodies, without using the 
experimental or d posteriori method. 
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Has Alcohol a Food Value ? Our inquiry 
has an obvious chemical interest, but it has a 
vory great human interest as well. This will bo 
evident if we consider for a moment what is 
meant by a food. As the reader knows, food is a 
substance which cither forms tissue or provides 
the body with energy — a substance w’hieh does 
neitlier may be a tonic, or a stimulant, or a 
poison, but not a food. Thus, in inquiring into 
the food value of alcohol, we can lay down 
certain definite propositions. The first i.s that 
its chemical characters absolutely exclude it from 
any possibility whatever of belonging to the 
higher order of foods -those which form tissue. 
Alcohol is not a constituent of protoplasm, and is 
not capable of being even utilised as a brick " 
or ingredient in the making of any constituent 
of protoplasm. Bui, on the otluT hand, alcohol, 
in virtue of its cluunical characters, is c{^)able 
of oxidation if the conditions be favourable. VVe 
alnuidy know that tlie oxidation of carbon and 
hydrogen, as in a tire, yiehls kinetic energy in 
the forms of heat and light. The sO'calleil 
chemical or potential energy of the elenumts 
involved has been transformed into kinetic 
energy. If, then, we can burn iij) akuihol in the 
body, tlie oxidation of its carbon will similarly 
evolve kincti(5 energy which will yield heat or 
motion, or, in other ways, will serve the needs 
of life by providing the conditions which permit 
of its continuanct^. 

Food and Poison Too. Now it has been 
detinittdy ])rov(}d that alcohol is capable of oxida- 
tion within the body, and the conditions and 
limits of this oxiclation can be stated with con- 
siderable detiniteness. Jn general, it may be said 
that the ingestion wdthiii twejity-four liours of 
1.J ()/.. of alcohol will result, in complete oxidation, 
provided that this very small <iuantity bo taken 
in fractions at sufiicncntly frequent intervals and 
in much dilution. If these conditions he granted, 
no alcohol can be recovered ; all has Iwatome 
oxidised and destroyed. It is quite evident that 
this small quantity, and the conditions under 
wliich it has to he taken for eom])lete oxidation, 
correspond to the practice of only a very few 
persons. But whet her it eorresjKinds to common 
practice or not, the fact remains that ak^ohol 
may rank as a food with the quali beat ions 
stated. It is a food because it is oxidisable in 
the body. 

The most powerful arguments may l>e adduced 
in favour of the proposition that alcohol is unique 
in being a food and a poison as wdl, like the sea- 
water, which may be used in a marine engim*, 
but will ultimately ruin it. This we add because 
it is not just merely to state, without .such a 
qualification, that alcohol may have a food value. 
It may be noted that alcohol is sometimes ex- 
tremely valuable as a food wlicn other food is 
insufficient. On the other hand, it is uimece8.sary 
when other food is sufficient, and is, beyond all 
question, toxic when other food is more than 
sufficient — as is the general rule with prosperous 
people in this country. 

Alcohol owes its value as a food in cases of 
fever, for instanoe, to a unique property which it 


possesses in requiring no primary digestion. All 
other foods require to undtn-go chemical changes 
in the stomach and bowtO before they ciui 
l>o absorbe^d into the blood. Sudi clicmical 
changes, which are in the main very simple, arc 
called digestion or ftrimarg dig(sfion. Jt is only 
after this process has b(‘cn completed that the 
food is available. Now% in tever, for instanc(\ pri- 
mary digestion is greatly interfert'd with, and 
this is where alcr)hol comes in. It requires no 
primary digestion, hut is ahsorbed into the blood 
iiiichangetl, and by ])urely ])hysieal processes 
which are independent of the lu*altli of the diges- 
tive organs, and can therefon^ he utilised wlu n 
ev(‘rything else fails. It will allow' life continue 
for several days witli no othci- aid, and in d<'s- 
perate cases nothing else can compt^tc with it. 

Alcohol and Nervous Tissue. Per- 
haps even mon; r(‘Uiarkal>lc is tlu' f;u*t that 
a high temperature of tlu^ body mark(‘dly in- 
crca.s(‘s tlu' ])ro])ortion of uN oliol that can ))e 
oxidised within it. Thus, in ie\ a r, one* may give, 
for iustancj', 10 o/. of alcoliol in a day, the whole 
being oxidised. 'Phe rcinarkahlc fact in such 
(;a..scs is that the' alcohol, when it is deinaiuk'd as 
a food by lissiu's w'hich may lx* rcc(*iving no other 
food, is ]>revt'ntcd fiom acting as a stiimilant so- 
called, conscqiicnc(‘ is tfiat during lcv(*r a 

man may receive, oxidise, ;Mid utilise, without 
any nervous or mental sym|)toms w-halcvcr 
do.scs of alcoliol which, if his tcmptn-atiirc were 
normal, w'ould prodnci! the most marked and 
viokmt intoxieation. 

For .sorru; chemical n^ason, which is as yet td)- 
Hcairely undcM'stood. alcohol has a grtaitcr affinity 
for nervous tissiu‘ than for any other. After 
death it is much more readily found hy chemical 
t(?sts in nervous tissut‘ than (‘Iscwvluue, and it 
is an extrcnu'ly r{‘markal)l(‘ fact that when 
t.h(^ most delicate* h^sts fail to rt^v(‘al the prcstuico 
of alcohol in any otlicr part of tlie bf)dy, it can 
r(*adily he detected in the fluid wiiicJi circulates 
through the* nervous syste*tu. 

\Vv. take? the opportunity of ejue)ting from the 
grcat(*st living autheuity, Professeu’ .’\le‘tciinikoff, 
the w'orld-famous discoverer of the? functions 
of the* leMicocyte*s, or wleite? e*clls of the? bloejd. 
In liis le'cture*. lu?fe>r(! the Bey.il lnslit\itc of 
Jhiblic Health, May 20 , o(*curs a, passage? 

which w'e translate? from the? original Frcncle : 

“Alcohol, tlK?r(*for(*, SMpprf*sse?s the natund 
immunity of rabbits te)wai’ds the* first vaccine* 
of anthrax. This impainnciit of th(*ir rcsistane e 
w'as manife*stcd by the* ina(*tivity of their white* 
blood c(*Us ; thus the* bacilli were p(*rmitle*d to 
multiply W'ithout l)e‘ing ch(‘e ke*d by a suffie;iently 
strong j)hage)cytie* ("eating e-cll ’) reaction. 
As has bce*n cstahlishe’d, the kuu’ocytes are? 
sensitive? cve*n to small de)se?s of etliylh* alcohol, 
and prc.*^cnt a negative sensibility in the pn*- 
.sence? of this Hiihstance. Alcohol, tlmrcfore?, 
hji«s a harmful action on the agents of natural 
defence against infective microbes.” 

Tests for Alcohol. The most com- 
monly employed test for alcohol is the iodoform 
test, which consist-s in the formation of yellow' 
crystals of iodoform when alcohol is exposed 
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to the action of iodine and caustic potash. 
A few crystals of iodine should be added to the 
fluid lujider examination, together with just 
enough caustic potash to decolourise the iodine. 
If the test tube now be heated, iodoform crys- 
tals will appear. Another common test is the 
chromic acid test, the addition of a small crystal 
of the red bichromaU^ of })otassium, together 
with heat or sulphuric, acid, yielding a green 
(‘olour duo to the formation of the clirornate. 
These t/csts and various others must be combined, 
as no one of them is conclusive singly. 

Amyl Alcohol. The only other member 
of the series of alcohols to whicli w’e need 
refer herci is amyl alrohal. It is, of course, 
ethyl alc^ohol, which we have been discussing 
some time back, but for convenience we dropped 
the specific name. The formula of amyl alcohol 
need not be again (pioted. It is obviously the 
hydroxide of p<uitan(*, as ethyl alcohol is the 
hydroxide of ethane. The substanee which 
usually goes by the name of amyl aFcohol is 
really a mixture of two closely allied alcohols 
whicli are so nearly identical tliat they have 
the same formula. During tht^ process of 
the rectilioation of ethyl alcohol, there is left in 
the stills the product which is called fusel-oil. 
This consists mainly of the two forms of amyl 
alcohol and also of propyl and butyl alcohols. 
The amyl alcohols have an apple-like odour, 
an oily appearance, and ai’e only vtjry slightly 
soluble in water. They arc extremely poisonous, 
and ill even moderate doses produce violent con- 
vulsions together with mental disorganisation. 

General Reactions of Alcohols. 
We have already emphasised the fact that the 
alcohols are a series which has a systematic 
and uniform character. For convenience we 
may return to ethyl alcohol which, as usual, 
wo shall simply call alcohol, and we shall find 
in it an adequate illustration of the behaviour 
of the other members of the f;erie8 to which 
it belongs. 

If alcohol be oxidised totally, as when a 
flame is applied to it, the products are, of cjourse, 
carbonic acid and water. But it may be oxidised 
to a measure short of this, and so may its fellows. 
For instance, by various means one atom of 
oxygen may be added to one molecule of alcohol, 
with the result that two atoms of hydrogen 
are removed so as to form with the thieving atom 
a molecule of water. When alcohol has thus 
had two atoms of hydrogen removed from it, 
it is alcohol dc-hydrogenised, and a short name 
has been coined to express this conception of it. 
Hence we have the word aldehyde, the throe 
.syllables of which exactly express the process 
by which an aldehyde is formed. In short, an 
aldehyde is a de-hydrogenised alcohol. 

Other Members of the Alcohol Group. 
But the process may go further. Yet another 
atom of oxygen may be inserted into the 
aldehyde, but in this case it does not thieve 
away two atoms of hydrogen, but finds a home 
for itself in the molecule, forming the compound 
known as acetic acid. The following table gives 
the seqnenoe in the case of the first two meml)er8 
of the series of paraffins : 
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Paraffin Alcohol Aldehyde Acid 

OH4 CH.OH CHOH CHOOH 

Methane Methyl Alcohol Formaldehyde Formic Acid 

C.JI„ C„H.,OH C 2 H, 00 H 

Ethane Ethyl Alcohol Ethyl Ahlehydc Ac'ctic Acid 

etc., etc. 

In the above we have not attempted to give 
the various formnlje in their more complex 
and instructive form. On the contrary, wo have 
written them merely in such a fashion as to 
express in the simplest way the manner in which 
each of these stages is derived from the last. 
The reader will surely bo im])ressed by the 
ord(‘rly and intelligible chanicter of this part 
of our study, especially if ho remem b(U's that 
the above table deals merely with the first two 
lines of an indefinite number, each displaying 
the same orderly character. 

At this point tlio reader might well amuse and 
instriKit himself by trying to construct, whether 
from memory or from “ intelligcrit anticipation,’* 
the graphic formulae of th(? eight substances 
of which formuhe more oi' Jess constitutional 
are given abov(^. 

Formaldehyde. The new substances wliich 
occur in the above table are all of them of very 
considerable inter(‘st. Perhaps formaldehyde is 
the most intorc^sting of all, because it scorns to 
afford a clue to ct'rtain of the most important 
stages in the cycle of life. It is plain that from 
one j)oint of view formaldehyde might be looked 
upon as CHoO. Directly we write the formula in 
this fashion we say to oui*siilvos. Why, surely 
this is the simplest carbohydrate ! Does it not 
answer to the definition of carbohydrates upon 
which we have already agreetl — substances, the 
molecules of wliich consist of carbon, hydrogen, 
and oxygen, the two latter being present in the 
proportions in which they occur in water ? Now 
this leads us much further. Wcj know that carbo- 
hydrates are formed by plants ; we know, fur- 
thermore, that they owe their existence in the 
plant t-o the activities of the green leaf. We 
know that under the influence of sunlight the 
leaf obtains nascent and elemental carbon from 
the carbon dioxide of the atmosphere. Wo 
know also that the plant always obtains abund- 
ance of water from the soil. Is it not, then, 
conceivable that the plant unites the nascent 
carbon with water to form methyl aldehyde or 
formaldi^hydc, which is, so to speak, the unit of 
the various carbohydrates which afterwards 
appear in the plant — sugars, starches, and so 
on ? May we not imagine that, for instance, six 
molecules of formaldehyde might bo packed 
together so as to form a single molecule which, 
of course, would have the formula CflHi20fl, 
the formula of glucose ? 

A Suggestion to Remember. This 
is an extremely interesting, probable, and 
suggestive speculation, and should certainly 
be remembered by the reader. Its value is not 
in the least detracted from by the necessary 
qualification that, in the form in which we have 
stated it, it is somewhat too simple. Doubtless, 
for instance, when we write the formula of 
glucose or of any other carbohydrate, we ought 
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to enclose the whole formula in brackets, and 
then append aii n in order tD indicate that wo 
do not know how many times over lh(\se com- 
binations of atoms must be taken in order really 
to constitute a molecule of the substance in 
question. This and similar qualifications are 
neeessaiy, but the reader should always look 
upon methyl aldehyde as a substance wliieh has 
a unique speculative int^erest attached to it. 

But even so, it cannot be dismissed, for wo 
shall find that it is of the very greatest practical 
interest. Mcthjd aldehyde or forTnald(‘hydi‘ is 
a gas soluble in water. ’Die aqueous solution is 
usually known as formalin, and contains from 
1^5 fo 4.’) per cent, of tlu' aldehyde. It is an 
extremely powerful and pt net rating antisr‘ptic 
and is steadily coming more and more extensively 
into use for this purpose', aud also as a substitute 
for alcohol in th<‘ prcs<'rvation of s})ocinicns. In 
much greater dilution, formalin may h<‘ used as 
a rnouth wash, and atttunpts of uncertain value 
have been made to ntiJiso it as an antiseptic 
Avithin the body in th<* trt'alment. of various germ 
diseases, such as consumption. 

Formic Acid. Our table has taught us that 
when methyl aldehyde is oxidisi'd still further 
it yields formic acid, and at this point, perhaps, 
Ave shall find a clue to the name jormaldchfide. 
E'ormic acid is so called heeauso it occurs in 
eonsiderahh' quantities in the body of the ani> 
the Latin name for Avhieli is formica. Its consti- 
tutional formula is best written HCXlOIf. Ke- 
memhering the geni'ral rule as to the relation 
hetAveen succ'cssivi' ])araf!ins, we shall then he 
able to see that the best way in Avhieh to Avrite 
the constitutional for inula of acetic acid Avill lie 
to add CH. to the H of formk; acid, Avliich will 
yield us the formula (’H.jCOOH. 1’his, indeed, 
is the formula of acetic acid. Formic acid is 
found not only in anhs, but also in the stinging 
nettle, of Avhi(!h it is the actnal weapon. Special 
interest, of eoiii’si', attaches to it because; it is 
the first of the series of acids which are calk'd 
the falUf acidf^. It may he prepared artificially 
in many ways, the commonest of whi<h is ro 
heat oxalic, acid Avith glyc'erine. Formic; acid is 
a mobile liquid whicli resembles Avater in many 
of its jihysieal eliaracters — for instance, its 
boiling and freezing point and its spec ific gravity 
are all very close to those of watei*. I’otassium 
formate may be made by a remarkably simple 
synthesis — that is, by the direct union of 
carbon monoxide and hot caustic ])otash. 'I’lu; 
reader will find that the formula; of these tw'o 
substances, added together, constitute the 
formula of potassium format'. 

Aldehyde. Just as eth>l aicoliol i.s u.sually 
called alcohol, so ethyl aldehyde is usually called 
aldehyde. Its constitutional formula is better 
Amtten CH..OOH, or, still better, for the matter 
of that, H-iCCOH, since this last form shows us 
how the carbon atoms are united together in 
ethane and any of the substances derived from 


it. This ethyl or acetic aldehyde is a colourless, 
volatile liquid, the boiling point of whicli is 
21" G., and the specific pavily -78. ft has a 
characteristic smell. It is an excellent solvent 
for various substances such as phosphorus. 
Aldehyde is most commonly prt'parcd by the int(*r- 
action of bichromate of })i)tassium U})()n ethyl 
alcohol, Avhich it oxidisc's, removing two atoms 
of hy<lrogcn in the manner wc ha.v(' dcs('rihrd. 
Akk'hyfk' is by no means a stable body, 
since it undcrgfH's oxidation on mere cxjiosurc 
to the atmosphere, with the formation of acetic 
acid. 

Acetic Acid, 'riie best way in Avliich to 
Avritc* the constitutioual formula of acc'tic; acid is 
IT iGGOOir. Its relation lootlianc and the inler^ 
mediate bodies has ahiady lu'(‘n stateil, as also 
its relation to ff)rmic acid, tht' lirst mmuher of 
the scries of fatty acids. In considering the 
natural ]>n>duction of acetic ai'id, avc lind that wo, 
hav(‘ to consider again a process of k'niuaitation. 
The ethyl alcohol from A\hich it was derived 
Avas itself produced b)r h'nucntatioii. If, now, 
another mganism. called the mycixlt rma acrli^ 
he allowc'd to act upon such alcoholi<‘ li(|uids as 
beer and wine, a lU'w and furtlicr fcnncntalitm 
(M'curs. Th(‘ rcadiT Avill ask how this can ha])pcn 
if alcohol itself he, as wo stalt'd. an antiseptic. 
But it is only in vc'iy considcrahle concent cM' 
lion that alcohol is an antiseptic. The amounc 
contained in a weak wine or Imht is <)uite inade- 
quate; to protect itself from decomposition. 'I’his 
is why Aveak wines often have spirit added to 
them in order to make tlu'TU kee]>. In consequence 
of the oxidatiort of the alcohol in a weak w'int'. 
thc'ro is produced piactically a weak acetic 
acid, and this we usually call vinegar. The* pro- 
cess of the manufacture of acetic acid vaiics 
in ditt'erent parts of the W7)rl(l. according to the 
price of alcohol. If wine he clu'ap, acetic; acid 
may la.; obtained from it by the* (k'lilx'ratc con- 
vcTsioii of wine into vinegar. 'The miicodcrma.nr 
vinegar-plant, is found in ahundance on bundles 
of twigs, ovc'i* wliich wiiu* is made to run very 
slowly, with the practically itisiaiilam'ous pro- 
duction (;f vinegar which, os might lx; cxpc'ctc'd, 
still retains a, ((‘rtaiu ])ro])ortiun of the thivour 
of the original ANinc. On the other hand, malt 
vinegar is jaepared from beer which is made to 
tloAV hcl vvt'cn hccch shavings, on whic h, again, the 
vinc'gar plant grows. In Liiglaad, vvhc.'rc* alc'ohoi 
is dear, acc'.tie ac'id is c-omuumly ohtainc'd l)y 
the dry distillation of wocal. X’hc' acetie acitl tlnis 
obtained is, c^f course, very impure, and i.s nanuxl, 
in allusion to its })rc)eess of manufacture*, 
'f)ifrnli{jneous arid — ?.c., “ lirc'-v/oody. ’ MXiis re- 
(juires to he hc'c'd from Avcx)d spirit, tar, and other 
irapuritic'S. The procc'ss is commc>nly pc*rf()rmc;(l 
by the addition of calcium carbonate, so tis to 
feirm calcium acetate, Avhic’h is heated, with the 
result that the tar adherent te it is disi)os(;d of, 
and then the acc'tatc* is dei;ora posed by means of 
strong sulphuric acid. 


Continued 
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Coach Iro.omongery and its Fitting. Locks, Hinges, and 

VKIIH 1 K «'nNSlRlMJTM,N 

CulltlllllDl fruiii 

Canopies. Provisions for Heating, Lighting, and Ventilation 


By H. J. BUTLER 


A FRKNCH bodyiiiakor in a largo shop 
oftxui confines himself to the woodwork 
of the body alone, leaving the fixing of the 
various y^ii^oes of metalwork to another work- 
man. "I’he Britisii hodymaker, on the other 
hand, makes and fits his body ready for the 
painting. 

Locks. A lock is generally understood to 
contain a dead bolt and to require a key to o|)eri 
it, while a latch is opened by the handle turning 
against the pressure of a spring, yet carriage 
builders are familiar with slam and lever locks 
which should strictly come within the other 
term. We are all familiar with the Yale lock 
in its several formsj and, as might be supposed, 
it is much used in America. In a vehicle such 
as a brougham the lock, b(‘ing placed about the 
centre, is intended to “ pull up ” the door and 
so equalise the already natural bending at top 
and bottom — that is, if the door pillars have 
been properly marked out. In a landau [39] or 
landauletto we have no bearing at the door top, 
so our lock must be fith^d below the elbow. 
Some builders still maintain that the fitting 
of a lever lift is obligatory in these vehicles 
so as to prevent opening the door while the 
glass-frame is in the pillar tops and so break 
it ; but in a short time, with the almost universal 
adoption of the glass-frame carriers in motor 
lanclaulettes, their allegations that these carriers 
admit water and rattle will fall to the ground, 
from the overwhelming evidence of their oppo- 
nents. The lever lift was designed so that when 
the door was closed and the glass-frame up, the 
latter rested on a metal plaU^ on the fence rail. 
The door handle and this fence plate were 
connected, and the turning of the handle had 
the effect of lifting the frame into the door, 
not without sometimes coming down rather 
smartly, to the hurt of the door and to the 
frame itself. 

Hinges. Foremost among this class is the 
concealed hinge, which is constructed to fulfil its 
duty so that, when the door is shut, it is hidden 
— hence the appellation. The fitting of the.so 
in broughams and landaus requires no little 
skill, even the mortising out in the standing 
pillars for their reception is no light task. We 
should endeavour to get the top hinge as high 
and the bottom one as low as possible, the lock 
being placed midway. Seldom is it necessary 
that three arc wanted. Where there is much 
turn-under, an outrigger hinge is preferable, 
especially if folding steps are added that work 
with the opening of the door. 

Butt ,hingitBK Me ii.sed where concealed hinges 
are not by the selling price; and apart 

from that, they do not require such heavy 
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timbers for their attachment. We see them 
introduced into motor-car bodies almost without 
exception. Ihitt hinges have many uses other 
than for earriage and car doors. The doors of 
cupboards, lids of lockers, the pivoting of 
windows and ventilators and folding tables are 
instances of their various uses. 

Then there are spring hinges for swinging 
doors and the stepdadder hinge, which is also a 
safety hinge, allowing the ladder to open only 
to a (certain stride. 

Hanging Doors. In coach work, while 
the smith is lifting the f^clge or body plates 
it is a eonvemient opy)oriunity to frame up 
the doors and box tlw'in out for the; shut and 
liingo cheeks and glass runs. The making of 
landau, brougham, and ’bus doors demands great 
skill on the part of the workman, not only in 
making Ihem fit the body, but in the nicety 
with which the hing(‘s are adjusted and the 
lock h‘t in, so that it shuts swi'otly and goes 
truly home. It is rather difficult to describe 
just how a door should perform its function, 
but the experienced man cam t(‘ll almost by 
the sound and the fee! of the moving door as 
it shuts w'h(‘ther it lui-s been hung faultlessly 
or not. As previously memtioneJ, a compara- 
tive large turn- under, as in lamh.us and omni- 
buses, nc'cessitates an outrigger or long, pro- 
jecting hinge. This in neutralised to an ext/cnt 
by having a long hinge at the? top. In any 
ease, whether butt, concealed, or outriggers are 
used by themselves or in com'^ination, it is 
essential for the true working of the door that 
the pins on which the hinges woik shall be all 
in the same straight line. 

The hinges may be tried to the pillar with a 
retaining large tack or one screw and the posi- 
tions when found scratched with an awl. Per- 
haps, at the first attempt, the door drops or is 
raised a little. This error must be carefully 
adjusted by paring at the hinge, and one often 
SCC.S, if he notice closely, various forms of 
packing which have been utilised to remedy 
defects. 

Folding Heads. In square [38], canoe, and 
posting landaus wo have the double-folding head 
meeting in the centre above the doorway. To 
allow of folding, the pillars are cut at the top of 
the fence rai 1 . Below this li ne we have a separate 
dcx)r pillar hinged to a standing pillar, but above 
the piUar top, os it is called, we have the two 
combined in one. The head leather is fixed to 
it, and the glass-frame run is also to be found 
therein, whereas in a brougham those two func- 
tions are located in separate pillars. The depth 
of the fence rail must bo sufficient, so that when 
the pillar top and slats are folded down on the 
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iiind prop it will lio a'bout flat. Due allowance 
must also be made for the space taken up by 
the folding of the leather and head lining. The 
fitting of the pillar liingOvS should allow tho 
pillar top, when dowm, to stand up above the 
top of the fence rail about the thickness of tho 
wasting; some fall almost level, while other 
types bring the head miKjh liigher. 

Head Mechanism. The folding pillars 
and door top are rabetted out. for tho glass-frame ; 
and then it is found that we have several heail 
mechanisms designed to raise and low-er the 
head, among which may be inenlioned tho 
“ Climax,” the “ Kiiston,” and the “ Universal.” 
The glass-run in the ]iilla.r tops must l)o in the 
same straight lino as in the door pillars, otlu^r- 
W'ise the frame will jamb. In <*utting the door 
top on the bevel, w'c allow tlu^ front portion to ho 
the smaller, so as to bring the boot as close to tlu^ 
body as po.^sible. At the cut in tlu^ d<»or top 
thimble eatehes or otluu' fasteners lixcd to 
draw up the head when closed. M’lu* rain is kept 
out by the fixing of a weather plate. 

"l"ho tivo centre hoopsticks ar(i sei’owed to tho 
door top, the others being attached to the centre 
and corner slats, which are themselves screwed 
to the neck ])lates of the pillar hing(‘. 

In a victoria h(‘ad [39] the head slats may bo 
obtained ready bent in one piece. 1’liere is no 
hoopstick, the slat running from pillar to jiillar. 
In some types of head mechanism it is janssiblo 
to dispense with the outside joint, but in any 
IW'o it is usual for the footman to havi^ to step 
dowit' the box to raise or lower tho 

head, as it is not considered dignilied to stand 
up in the vehii’Ie and elVect tlu^ operation. In 
Cape cart hoods and the dilTerent forms of 
American heads, there are many ingenious and 
light- w'ciglit typos of coviuings. In Knglaiid we 
do not see them much on lioisc drawn v<^hieles, 
hut their use is certainly popular all over the 
world for motor-ears and for the American type 
of road waggons. Leather is often di.spenstni 


double extension liood is arranged bo that the 
front slats and irons are removable fn^rn their 
l)earing and then lifted to tin; eurresponding hind 
one, and both front and hind portions turned 
hack together. Light is admitted to the back 
of this typo of head by means of eidluloid 
windows. Curtains to roll up form })art of the 
equipment., and these also are madi^ with trans- 
parent panels stitched in. 

Canopies. The motor-car has also made us 
familiar with the canopy. It is practically a roof 
without the to}) side framing and |)auelling. lu 
some iiistanees tlu^ |)rotectio]i of the canopy 
is furthered by })anclliug llie back and part of 
tho sides. His Majesty King Kdward VIL, tho 
Piirico of Waliis, Loid J^ondondcury, and others 
favour this lyj)eof j)rotiu*tioii in their automobiles. 
Tl»<‘ canopy is usually su))porb‘(l on iron stand- 
ar<ls tix(‘d to the laxly and <las|il)oard. Often 
th<‘y are Hnished in brass. Cano})ies are also 
used in eoiijunclioii with glass screiuis, the one 
in front, being oftiui eonsidcretl dangerous should 
it become fracturtxl while driviiig, atul in bad 
weather the lain iiiakj'-; the glass misty, and 
therefore renders a good view of the road in 
front ini])ossible. 

The screen imimaliately liehind the chanlTetir’a 
seat is w(il designed when it is mad«> in lhri‘o 
sections, the eeiilral one hinging to allow the 
giving of directions to the driver, and the whole 
being made to hinge u]) into tho roof wiioii not 
wanteil. 

Curtain and Rails. Curtains of dilTen'nb 
materials arc added to alTord side protection, 
and may bo mad(^ (‘ither to roll uj) or bunch 
round the standinls. In the latter tixing they 
run on a rod fixed in tho eano|)y. 

A roof rail with or without a net gives great 
convenience in a touring car, and in a good })laeo 
to carry a. spare cover. (Vtro must be taloin in 
fixing that ])lenty of headroom is allowed in 
a long ear, and that tho shafie of the canopy oon- 
fornis to tho contour of tho 
body. It looks wndl when pn)- 
jt*cting both at the back and 
front. When well forward in 
front it protects the glass- frame 
over the dash from the weather 
wIkui used — a remark that 
a])|)Jies to <‘\tensi()n heads. 'Dio 
cano})y must, be strongly fixed. 
Standards of good size and 
material .should have long fia])s, 
securely tixid, otherwise wo 
havti it sw'aying, a eonlingi'iiey 
met with more often than it 
should b.?. 

In motor broughams, lan- 
daulettes. omnibuses, etc., wo 
see a dash extension CHTiO})y 
used to protect the otreupants 
of the front seat, and many 
think that it adds to the 
appearance of tho cur, as well as giving space 
for the disposal of baggage, which in a landau- 
lette is a distinct advantage, as the roof cannot 
well be used for this purpose. 



38. SQUARE LANDAU 
Dotttxf lineH ,^how |tosltiori of wIkm) i 

with, and in its place wo find various kinds of 
waterproof canvas which require only a very light 
structure of wood and iron to keep the hood in its 
place. These hoods are without mechanism. The 
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Other Canopies. It will be reraemberod 
that one of the first Thoriiyeroft motor 'buses 
was provided with a (ianopy to the roof seats, no 
doubt owing to the smuts emanating from tho 
end of tho long chimney. In Franco the motor 
’buses are so protected, tliercby adding to tho 
all-woathor utility of the vehicles. 

Tramcars in towns wliere the double deck typos 
are ustsd are fitted with <'ario[)i(^H wliich 
are also enclosed with glass, many of 
the frames being made to drop. 

Tho (Jlasgow trains and the County 
Council trams in South l^indon are 
examples. In foreign (aiuntrios with 
hot climates we see merely an awning 
arranged. 'J’ho tilts of vans are a 
means whereby the contents are 
protected from the ehiinents and give 
a lighter superstructure than ^^uilding 
a solid top. Baktirs’ barrows are oft en 
fitted with a roof cover when a load 
of bread is carri(‘d outside, thereby 
increasing the capacity. 

Vehicle Carving. Royal car- 
riages and those used by the nobility 
on grand occasions have in their deitoration 
many evidences of the cart of tho woo<lcarver. 
The body mouldings and und(‘r-(‘arriHgc wood- 
work generally is ornamented with wi^ll- designed 
and beautifully linished work. In an ordinary 
private carriage the dub end of the beds and 
pump handles and the carving on the boot 
brackets is an example of this branch of work. 

There was a time when a coach carver could 
earn a good living by doing nothing c^Ise, but 
nowadays carving is not much used, and the 
bodymaki^r himself is often called upon to do 
what little is wanted. 

In van-building there is perhaps more carving 
than is necessary on a vehicle that is intended 
for trade use and rough work. Still, brewers, 
market gardeners, and wine and flour merchants 
all setmi to like plenty of it. Shavimj, as it is called, 
weakens the structure, and we must ho careful 
not to overdo it. Some of the railway and 
delivery companies exclude shaving from their 
vans almost entirely, and it must bo admitted 
they appear more fitted for the purpose intended. 

Ventilation. Tlu^ passenger temporarily 
housed within a vehicle demands a supply of 
fresh air. In a railway train not only is there 
the breathing of one’s fellow p.issongers, but the 
atmosphere of the tunnel and gase.s from tho 
engine all tend to vitiate tho air. Then in 
corridor trains there are the cooking stoves 
and the aroma from meal tables to contend with, 
and in all types of rolling-stock where smoking 
is allowed we must have good ventilation. 
Again, a sleeping car must l)e properly designed 
to keep up a supply of fresh air during the night. 
In our compartment carriages we are familiar 
with the drop window in the door. This pro- 
vides at once plenty of fresh air, but often with 
the disadvantage of the force wlierewuth it is 
supplied, and generally with the accompaniment 
of smuts, especially if one is seated looking 
towards the engine and the wind is blowing 
towards the A|Oving train. From its position 




it is also a cause of argument as to whether it 
shall be up or down, whereas if it did its work 
effectually without the probability of a strong 
draught it would be an ideal means of ventilation. 
Wo should sock to supply the required oxygon 
in a manner that will purify the enclosed atmo- 
sphere of the carriage or car gently yet thoroughly 
and persistently. 


OAB-«ODIE1> VirTOni.\ MOUNTED ON A “C AND 

UNDER SFKINO” UNDEK-UARRIAOE 

Types of Ventilators. An auxiliary to 
the drop window is the hit and miss ventilator 
above the door opening. Then in the roof arc 
to he found various types of automatic or self- 
acting ventilators which arc set in motion by the 
movement of the train. Here at home the 
torpedo type is familiar, while abroad there are 
various otlier forms, such as the cone and apron, 
Moore, duplex. Star, and Globe. Then tho body 
is often constructed with a clerestory, which 
allows a current of air in tho centre of the oar 
above the heads of the passengers even when 
they are standing. Hinged ventilators arc often 
placed in the clerestory. Sometimes tho clere- 
stoiy is known as the deck. The u.se of electric 
revolving fans has been tried with some success. ' 
One fan must he set to work to draw in the fresh 
air while another exhausts the bad air. It is use- 
less to put in one fan, whiclj merely stirs up the 
air. In tramcars we have the clerestory or 
deck ventilators, besides hinged frames in the 
front of the (;ar. Then front sliding doors may 
also be opened if necessary, and in many cases 
the side windows an^ made to drop, slide, or 
hinge or slide up into tho roof. 

(imnibuses are not so well supplied with 
ventilation, there not being so much construc- 
tional convenience in the front for ventilation, 
although we may yet see improvements in side 
ventilation. 

If builders arc afraid of the rattling of dropping 
or sliding windows, there is no reason why , the 
ventilating rail even on alternate windows may 
not be made lower than it is at present, so that 
a large upper portion of the side windows may 
be hinged down. Perhaps, with improvements 
in engines, we may he enabled to get the motor 
’bus body lower on the ground and still keep 
the same over-all height, utilising the spare 
inches for giving more clear headroom hiside 
and well ventilating tho upper space. 

The presence of side louvres and often front 
and hind louvres must > not be forgotten. In. 
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single;deck ’buses are to be seen types of 
self-acting ventilators as mentioned under 
railway veliieles. It. is a regulation of the 
Metropolitan Police that a stage carriage^ shall 
be properly ventilated without opening the 
windows. Is it ? 

Ventilation of Private Carriages. Tn 

earriag(^s W(‘ have tin; drop glass- frame in llu; 
doors, drop and sliding lights in front, and some- 
times, though rarely, a roof ventilator, 'riu'se 
are found in broughams. Landaus have the. 
usual door ventilation ; and oft(“ii the glass-frame, 
as in other close* v(‘hiclcs, is itself ventilated eui 
the top stile. Tlie front and hack light is often 
hinged, and then wi; have* the sidi*-light laud:i.w 
with its drop front (piarter glass- frames. Private 
omnilmses ha vet louvres, and the various glass- 
frame‘S are made* to eireip e)r slide* as the case may 
be*. Thet varie)iis e*n( lose*d type's of motor-ears 
have similar me^ans of ventilatiem. The elis- 
j)ejsa.l e_)f the glass-frame's iiite.) the* re>e)f is a 
departure from the usual e-arriage* prae'tieo, 
although, as numtieuietd, it is adopted in tram- 
eairs. Also, there* are*, varioeis article's whietli re‘ae*h 
their destination in a meire inarkclahle* eMUiditie)n 
if the van or fre'ight car be e'fhe‘ie‘iil ly ventilated. 

se*e s('lf-ae‘1 ing re)of ve'iitilators anel siele a-iiel 
end louvre's ade>])te'el in the e*euive‘yane*e‘ e)f fruit, 
milk, and other perish ablet eennmoelit ie'S. Tint 
re'frige'rator e*ars pnive* ex(*e*llent me'ans e)f ke*e*p- 
ing fresh many article's of food. 

in vans aiid e*arts (he re)]ling-ste)ck ed the 
hutelier and lishmejnge'r are instances where the* 
same iek-a is e*arrie‘el e)u(. The* e*(mve*yane*e e)f 
livestock by roael auel rail alse) demanels that 
thet hoi\se*s anel e)the*r animals shall be })ie)])e‘rly 
supplit'd with fri'sh air eluring tlie'ir journe*y. 

Heating and Lighting. The foed- warmer 
has be'cn eondemue*il with many sarcastic alle'ga.- 
tie')ns re'gareling its inclhe'ie'iie'y. The Ame‘rie*an 
lex)ks u])e>n emr liistorie liot-wate r etaii as a liarm- 
le.*ss jeike. Still, we* are now liaving our trains 
bett(*r h(*ated by means of steam freua the (*ngiii'*, 
and let us hope it will not be overdeme, as it e)lte*n 
is !iere)ss thet Atlantie*. On a wintiw elay, hem - 
over, it. is (tasier te) le)\ve'r the teinpi'rature* e)f 
a lu'aletd earriage than it is te> raise* it. In 
Amcrie’a special apparatus for lu'ating the ears, 
promine'ut among tlu'm be'ing the Ikiker lu'ater, 
are used. The heating is e‘lTe*eted by tlje eire-u- 
lation of hot water, and the* heatetr i.s u.sually 
placed in a small e*le)set eall(*el the lienfer-njinn. 
'JMus has interior lieat guards, pre*venting all 
dirttet radiation. In the same* part of the \\e)rld 
cars carrying vegetables sueli as j)ejtate>es are*, 
in winter, heated by spe’e*ial forms of mineral- 
oil lamps, the supply being automatically 
controlleel by the <*xpansiem anel contrae-tioii eif 
metallic rods. Elect rie heating is ado])ted on 
the District Railway. 

Pe:uhaps in motor omnibuses we may soe)n se*(» 
some system of berating the ear, but the straw 
seen in some horse ’buses, and the mats in electric 


trams, are about all that eemduce to a comfort able 
temperature* on a eedel dJ^y^ iink'ss we inchule* 
the shutting out e>f all the* fre'sli air. In private 
carriage's we* may have* foe)l - wjirmers or any 
pate'iit portable method e>f lu'ating that ma.y he 
purcliasable*, imt to s])cak of \va.iin e*le)thirig anel 
rugs. 

M’he English railway earriage* ha^ ge'ue*- 
rally he‘t*n Iighte*el by me*ans e)f all eiil lamp 
inserteel in the* reieif from above auel inaee-e'ssi- 
ble freim within the eompartnu'iit . ( euupre'ssoel 

gas and (‘k'e'trieity are now' more* fieejue'ut ly 
useel, anel the* dim light e)f the past is now 
being su])e*rse*ele*el by the* bi i!liaiie*y eif the* menk'ni 
inetboels eif distributing e*le*etric illumination. 
Ill the elaytime it is still a fae't that euie* may be* 
suddenly ealk'el to travel tbrenigh a fairly long 
tunnel or a .serie's e)f tunne ls in darkness. One* 
canneit grumble* at the light in om- nt'w tube* 
railways. It is easy to re'ael the sniall(*st i>rin(, 
anel llie habit of putting tin* light so (hat it. 
e-eune's ene'r e»ne*’s .shoulder as is seen in seune* 
lirst e'lass e arriage'S is to he* re'ceimine nele-el. 

Wliate'ver the system e»f lighting, it is far inorei 
eemvenie nt if i*ae‘h e eiae'h is inde'iK'iule-nt in itself. 
This has l)e‘e*n sne-eessfully e’arried enit with 
ek'ctrie* lighting, the* jieiwer be*ing taken frotn (Ik* 
axles. In Ame'iica tin* lamps, whateve'r tlm 
type, can lx* geit at freun tlu^ inteTieir eif the* e-oai h. 

Forms of Lighting Appliances. The 
last ear in a train is alse» littesl with the* 
variems feinns of tail light, s. Tlu^ eondueteus, 
gnarels, and inspee'teirs, e‘ae‘h have* tln'ir own 
lamps or lanterns. In mail vans s)>e*cial powe*!'- 
fid lamps are* preivide-d to aid the* e euri'ct seuting 
of the l<‘tte*rs anel ])ar<‘e*ls. 

In trams and 'buse's we* have freuit and re*ae 
lights arrange'el in a beix-like* re*e‘e‘ptae*le‘ so that 
t lu'y give a e eiloiire el ligld feirward (ofl(*n d(*noting 
the reiute* of the* v(*hie le) and light uj) the int(*rior 
from the* either side*. A similar plan is ade>pte*el 
in thei hinel light. EIe‘e*(rie' (ramears are> preivide'd 
with inte*rior reieit lights and euie* eir twei light the* 
upfier deck. Then the*re arer tlie^ Iwad liglits and 
tail lights. .Aeotyle'iie* has be'cn use'el in various 
ve*hie*le.s feu* illuminating pnrpeises, hid. faulty 
apparatus, ami e*on '.e'epient le'aking, heside's un- 
skilledsujiewvision, has be e'ii the* me'ans e>f limiting 
its aeloption. Some* time* ago a eompany had 
a good many ae e lyleuie* lamjis e>n tlie^ London 
eunnihuses, hut, apart freun othe*r ri'asons, the*. 
prae*tie*e*, eeased freun linaneial eause'S. d'ho 
ilavour of le*aking ae*e*tylene is epiite* sidlieient 
te) preunote its elisnse*. 

A great many omnilmses are still lairtly lit by 
the oil lamp hi tlie liind roeif e*aneipy. (ias ha.- 
alse) he*e‘n sure e.ssf idly us(*d. Ele'e*triei light in 
horse oiimilmse*s has ned l)e*e*n siu*e*e*ssful, owing 
to repeated failure's anel e*e)nse*fjiient sninmeinse^s. 
All motor-ears arei well lit, pewlmps more than is 
jiidieie)us as regaids tlie he'adlights of some large 
ears. Van lamps are use'd seunedimeis from legal 
necessity, and also to hf lj) the carman in the 
oxeH'iition of his duties. 


Continued 
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FRACTIONS 

79. In Article 70 of Arithmetic wo wiw tlmt 
to obtain the fratjtion y we must divide a unit 
into 7 e<^ual parts and bike 3 of them. Similarly, 
wfien a and h a if* [ntsitire. idiole. nnnihers^ we 

obtain tJie fraction by dividin" a unit into h 
h ^ o 

e(|ual parts and taking a of them. 

It is clear that, with this detinitioii, the values 
of a and b must bts restricted to positive whole 
numbers ; for there would be no meaning in 
the definition if a had such a value as - 4, and 
/> the value I}. We cannot “ divide a unit into 
H equal parts and bike — 4 of them.” 

We must, thercforii, find a definition for the 

fraction ^ which will apply to casi;s in which 

a and h are iiot [)ositive whole numbers. 

ITsing the delinition given, let us multiply 

IL by 6. To do this we must bike each of the 

a jwrts h times. This gives ah parts altogether ; 
and, since each b parts make a unit, ah jmrts 
will make a units. Therefore 


® xh a. (i) 

Hence wo may take for our definition, thf' 
fraefian. ^ is Ihf* qaantitij whirh innst, be mnlii- 
fMed bif b to f)til(tin a. 

Divide both sides of the equation (1) by h, 
and w^e obtain 


a 1 

- = O H- 0. 


Thus, we may also define the fraction ^ as 
the fjiadient obtained btf diridinff a by b. 

80. As in Arithmetic, the whole theory of 
fractions depends on the following proposition. 

The. value of a fraction is unaltered when its 
numerator and denominator are nmltijilied by 
the same quantity. 

We have already proved, in the last Article, 
tliat 


X b — a. 

Hence, multiplying both sides of the e(piation 
by m, we see that 

Thus, is the, quantity which, when multi- 
plied by gives am. 

30 26 . ' " 


But, by the detinition of a fraction, the 
quantity which, multiplied by />m, gives aaq is 

Hence 

ton 

a am 

b ton ’ 

so that, for all values of u, //, and m, the value 

of the fraction ^ is unaltered when we multi- 
b 

ply both numerator and denominator by m. 


81. We have ])roved that -- — . But, if 

b bm 

we divide both Tnnnerab>r and denominator of 
obtain 

ton b 

Thus, the value of a fraction is unaltered if 
we divide hoih numerator and denominator by 
the same quantity. 

82. Reduction to Lowest Terms. A 

fraction is said to be in its lowest terms when 
the numerator and denominator contain no 
common factors. Hence, to reduce a fraction 
to its lowest terms, we must divide numerator 
and denominator by their H.C.F. 

If the factors of the nunuuator and denomi- 
nator can be easily found, the apmnwn factors 
are obvious, and can then be rejoct/cd. If the 
fjictors cannot l>e found })y inspection, we tind 
fhe H.C.F. by the rule of Art. 69, and then 
divitle numerator and denominator by the 
H.C.F. 

Example 1. Beduce 

14x“j/^ 

2\xy^ 

to its lowest terms. 


The II.C.F. of the numerator and denomi- 
naU)r is 7xyz. Dividing the numerator by 7xyz 
we obbiin 2xy ; and by dividing the denominator 
})y 7xtfz we obbiin l^z^. Hence the given fraction 

is equal to 


Example 2. llcduce 

{)xy ~\- 14;/^ 

to its lowest terms. 

Resolve the numerator and denominator into 
their simplest factors, and then reject those 
which are common. Thus 


[^xy+ iii/- 


(a;H- 7y) (x ~ y) 
+ 7y) (x + 2y) 


sc +. 2 y — 
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Example 8. Keduce 

- 8a; + 12 

X* - 7x^ •+* 7a;- - 7a? 
to its lowest terms. 

In cases of this sort, before resorting to the 
H.C.F. rule, always try whether any faclors can 
be found by the Remainder Theorem [Art. 65]. 

In this example, the numerator vanishes when 
we put a; = 1. Hence a; — 1 is a factor, and wo 
have 

— + 12 — a?‘^ (a; - 1) - 4x (x - 1) 

- 12 {a?-l) 

= (a;-l) (x^-4x-~V>) [Art. 

65, Ex. 1] 

= (a;-l) (a:+2) (ar-f)). 

Wo have now simply to Iry which of these 
factois divides the denominator. We find, by 
substituting x—1 and a; = fi that the denomi- 
nator vanishes, but that it does not vanish for 
tlie value a? — 2. Thus (ar — 1 ) (a? - 6) is a factor 
of the denominator. 

Ry actual division, (a? — 1) (.« — (J), or X“ — 4- <> 

divided into the denominator, gives a?- 4 1 for 
(quotient. 

Or, the same result may be arrived at in a 
manner similar to that of Art. 65, Ex. 1. Thus 

X* - 7a."* 4 7a?‘^ - 7a; 4 6 -- x^ - 7a; 4 6) 4 (a - 
-7a; 4 h) 

= (a;‘^-7a- f- 0) (a*‘^4 1). 


Hence, the given fraction 
^(a;-l) ( a; 4 2 ) 
(i-ir(a?-G)“(a;^^4 1) 

EXAMPLES 

2SaW 

12aWy 

- (lb 
ab — 6-’ 

7 ^Z. ~ 

2 - in 4 (i^ — 2(/.'*’ 

irm '6 4 

-46‘^ 




1 . 


2 . 


3. 


4. 


5. 


6 . 


8 . 


9. 


10 . 


x' 4 1 

23 

a?^ 


4 


a:- 4 
a;2 - 4a; - 
- ‘Sx - 


4 G 
-id 
^21 

-18’ 


li)(i%'^-h i\(ib'^- 
a;^-13a; - 4 36 

8a;*-10a;--16a?-3 
6a?^ - 22a?* 4 3Ja?^ - 23a? - 7* 


88. Reduction to a Common Denomi- 
nator. Wo have seen [Art. 80] that the value 
of a fraction is unaltered when we multiply 
both numerator and denominator by the same 
quantity. Hence a fraction can always be ex- 
pressed with a denominator which is some 
multiple of its original denominator. It follows, 
therefore, that any number of fractions can be 
expressed with a denominator which is some 
common multiple of the original denominators. 
There is generally a saving of labour if we use 
the least common multiple. 

The process is like that already expkined fur 
Arithmetic [Art. T7, page 547]. 


Example. Reduce 
1 I 


and 


a 4 y2 


x-y X y 

to a common denominator. 

The L.C.M. of r-i/, a?4 }/, and r^4?/“ is 
(^ — ]/) 4 y) (x^ 4 ?/■)• Dividing the first 

denominator, r-i/, into this common denomi- 
nator, we obtain {x 4 y) (x‘ 4 }/“) ff»r (pioticnt. 
We must, therefore, multiply both numerator 
and denominator of the first fraction hy (r 4 j/) 
(a?- 4 Similarly, wo must miiltij)ly riiimoni- 
tor and denominator of the second fiactiou by 
“ V) (it?^4 //“), and of the third fraction by 
(x - y) (x 4 ?/). Thus, we o})t;un 
_ L_ — (^ + ?/) (^ ’ “h y) _ 4 x\f 4 '♦/•’* 

a? - y (x - y) (x 4 y) (x- 4 y^) x^ - y"* 


ar'* - x‘\j/ -I- Xf/^ - 

y*"”' 
2x'-y - 2y * 


1_ ^ (r - y) (x- 4 y -) ^ 

a? 4 y (a? 4 y) (a? - 2 /)(x^^ y-) 

2?/ (r-y ) (a? 4 y) ^ 

4 y‘^ (a?- 4 y-) {x - y) (x 4 y) a? * - y* 

84. Addition and Subtraction of 
Fractions. If two fractions have the s)ime 
denominator, their sum or their dilferonco will 
have that denominator. Tlio numerator is 
formed hy taking the sum, or the dilierence, of 
the numerators. The result must be i educed 
to lower terms, if necessary. Thus, the sum of 
a , b : . (I 4 b 


the fractions - and — 

a + b 0 4 6 (t ^ 6 
re<lucestoJ. 'J’lio difference of the same two 

fractions is 

(t 4 b 

If tile fractions have not the same denomi- 
nators, wo first reduce them to a common 
denominator [Art. 83] ami then proceed as 
above. 

Find the value of 


which 


FiXample 1. 


I 


o 4 2 

of the denominators is (o-2) 


,7-2^' 


Tlio L.C.M. 

(a 4 2). Hence, 

1 I _ 04 2 a-2 

0-2 <14 2' (0-2) (o 4 2) (a-2) (o 4”2) 

, a f 2 4 a - 2 
(0-2) (0 4 2) 

2o A 

(i/ - 4 

When there are several fractions, some of 
which are to be a<lded, and some subtracted, 
the method is the same. 

Example 2. Find the value of 

3 _ __ 4 

^^-'2.r-3* 

I’he given expression 

2 3 4 

’ (a? - i) (:r 4 1) (a? - 1) (a? - 3) (a? 41) (x - 3) 

2(a?-3)4 3 (a;4 l)-4 (a?-l) 

(a?-l) (a?4 1) (a?-3) 

2a; - 6 4 3a? 4 3 - 4a? 4 4 
' (:c-l) (^4 

a;4 1 1 *1 




a::* - i — 4a: 4- ^ 


(a:-l)(a!+l)(*-3) (*-l)(*-3) 


‘ir5‘44a?43 

Am. 
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Soinetimes it is better not to reduce all the 
fractions to a connnon denominator at once, as 
in the following example : 

Kxainple 3 . Find the value of 
1 _ 1 _ 2a; _ 

a-x a X a- + H- a;*‘ 

Taking the first two fractions we have 

1 J (a + x) - {a - x) _ 2 x 

ii — x ii + X a‘^ — x^ a- — a:- 

Next, take this result and the third of the 
given fractions, thus 

2 a* _ 2 x _ 2 .r(o^ + a;“)'- 2 a*(f<*'^-a;-) _ 4 a;‘‘ 

(i‘ ~ X* o- + X- - a;^ o'* - a**’ 

FiriJilly, the result just ohtaint;d, and the last 
fraction, give 

4 x‘^ __ 4 a;'’ _ 4 a;‘’ {a* f- a;‘)- 4 a;‘’ (a* -a;*) 

a* - a;* a* + a;* 


85 . We have defined the fraction as the 

b 

<|uatient obtained by dividing a. by b. But, by 
the rule of signs, the same result is obtained 
when we ilivide- a by -6. That is, 
a _ -a 
b - b' 

Hence, if //n* ni<jnA of hitth nn lut'mlor ifn<i 
(lenoininator hv rluou^d, the siifn tf the u'hote 
fraction in umdteml. 

Again, the fraction is the ({uotient 

obtained by dividing -a by h. This (juotieiit, 
by the rule of sigiH, is of opposite sign to that 
obtained by dividing a by b. That ift 
“ ^ 

b ft* 

111 a similar way we see that 
a __(i 

-ft ft * 

Hence, if the Hujn <f either the nuHierntor or 
the detunninator he rhotufed, the sitjn of the tohnle 
f met ion will be chanifed. 

Example 1 . Simplify 

2 _1_ _ _ 

X \ y a; — ?/ //--a;-* 

Here, the L.O.M. of the first two denomina- 
tors is x^-y^. We theiefore change the sign 
of the third denominator, and obtain x* — y^ 
instead of y^ — x^. The working of the example 
then ap(>earfi as follows : 

- y - 

a; + y x-y y^-x^ 

2__- 1 J}y_ 

X ^ y x-y x^- 

_ 2 (x ~ //) -7 (xfr y) + % 

* 

2.*, - 2 y -Jt-j + % 


Example 2 . Simplify 

• a ^ + <; 

(a - ft) {a - c) (ft - c) (ft - a) (c - a) (c - ft)* 

Here, although there are apparently six diller- 
eiit factors in the denominators, we notice that 
three of them are obteined from the other three 
by changing the signs. Thus ft-tt is simply 
n — h with tlic signs changed. 

We therefore write the six factors in Cyclic 
Order - i.e.^ we write them so that e always 
^ follows ft, a always follows r, and ft always 
follows a, thus ft - c, r - a, « - ft. 

In the present example we see that, to bring 
about this airangement, wo have to change the 
sign of one factor of the denominator, writing 
(c~-a) instead of (fi-r), and so on. This, of 
course, changes the sign of the whole fraction. 
Tlius the given expression 

_ /( _ ft _ r 

{a - ft) (r - a) (ft - r) (a - ft) (r - a) (ft - r) 

_ - a (ft — r) ~ ft (r — a) — r (a — ft) 

( 7 > - (•) (c"-~a} {11 - h) 

- ah -f ra - hr -| ah - ea | be 
■“ (ft -r) (c - a) (f/ - ft) 

(ft - r) (c - a) {a - ft) - 


EXAMPLES 24 

Keduce to their simplest form 

^ X - 2 *^“^-. ^ 

x~\- ff x-y ’ ;iT+l 8a; -1* 

3. - ’• + . 

(:e+J)- (*+l)' 

4. + .'^1 -*'+ 

x-k-y x-y x-^ - //•’* 

- X ~a , a; + <( , a;- - 5 a‘^ 

O. - r + . 

x-\-a x-a x--a‘‘ 

^ 2 I 2ff-l 

ft' a d'-a t- 1 «* + (I 

112 2 

1- .r 1-fa; 1 + .r’ 1 f a;** 

12 2 1 

8. + - 'f — , 4 - . 

x-y x- 2 y a;-f2// x-{-y 

g 0 — 4 _ rt~10 ^ 

a'* — r a f t> 2a- - Tw — 8 2a- - 8a — 2 

10 ^"*"'1 4- _ -I- fit + ft 

(a-ft)(a--f) (ft-<)(ft-«) (c-o)(c-ftj. 

2 - f 3 a_ 2 - 8 o 22 a -8 

■ 8- a 8-frf a-'- 9 ' 

^2 ^ 0 / ■+• ' -y f ft (“ + •*:' Zj/) + g (^+ y-z) • 
(y -f z)- - a*- (c -i a;)’ - //- (x -f yV*^ - s*-*’ 


86. Multiplicatton of Fractions. Let 

f and y be two fractions, and let x denote 
ft a 

their product y x . Then 

arxftxdf-- ^x^-xftxcf. 


since the factors of a pioduct may be taken in 
any order [Art. 22 ]. 
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But y X 6 = a, and ~ x d c [Art. 79]. 
Therefore 

xhd ~ ac ; 

or, X is the quantity which gives ac when multi- 
plied by bd. But from the definition of a 

fraction is that quantity. Hence, 



or 


a c _ «c 
T rf ■“ bd 


Therefore, the product of hvo fractions is a 
fraction whose numerator is the product of the 
numerators of the fractions ami whose denomi- 
nator is the product of their doiominators. 

The product of any number of fractions is 
formed in the same way. Thus 

6 d / bdf 


Answers to Algebra 

Examples 18 

1. {x^-~\- 2x)^--ll (a:2+ 2a:) + 24 

— 2x-l\) (.r-H' 2a; -8) 

•-=(a;-l) (a:+ .*{) (a;-2) (a:4-4). 

2. (a; + 1 ) (a: 4- 2) (a; -f* 8) (a: + 4) - 48 
{x^ + ox -f 4) (x'^ + 5a: + 0) - 48 

=■- {x^ -H Oa:)'-^ 4- lU {x^ 4- 5a:) - 24 
(x* 4“ 5a: - 2) {x^ + 5a: 12). 

3. (x 4- 2) (x 4- 4) (x 4* o) (x 4* 7) 4- 8 
(x‘^ -h fix 4- 14) (x’ 4- fix »- 20) h 8 
(x^ t- fix)’^ 4- :H (x'^ I- fix) h 288 
(x’ 4- fix 4- 18) (x‘^ + fix 4* 10) 

-- (x 4- 8) (x + 0) (x‘^ 4- fix + 10). 

4. X * (y - z) -f y * (z- x) 4* (x - y) 

x'^ (y -z)-x (if - 2'‘) + yz (y- - z% arranging 
in powers of x 

-(y-z) {x^-x (y- 4- 4- y::) 4- yz (y4-s)}, 
taking out the factor (y — z) 

^(y-z) {y2 (s-x) 4- yz (s-x)-x 
arranging in })oweis of y 
= (y-2) (z-x) \y^-\- yz-x (2 4- x)} 

= (y - z) (z - x) { - 2 (2t - y) - (x' - y% arrang- 
ing in powers of z 
= (y - z) (2-x) (x-y) (-2-x-y) 

.= -(y-2) (2-x) (x-y) (X4- y 4- 2). 

5. (5 — c)'*4- (c — «)*4- (a-i)'‘. Tlie factors of 
this expression are easily obtained from the 
following. We know that x^ 4- y^ 4- 2'* - 8xy2 
^ (x 4- y 4- 2) (x2 4- y^ 4- -yz-zx- xy). Now, 
if X 4- y 4- 2 “ 0, the product on the right of 
this identity must evidently bo 0, i.e, we have 
x< 4- y^ 4- 2^ - 3xy2 = 0. Therefore x^ 4- y^ 4- 2'* 
= 3xy2. Tins result, expressed in words, is : 


When the sum of three quantities is zeroy the sum 
of their cubes is equal to three times their jvrodwd , 
In the given example wo have three quantities, 
6 — c, c — a, and a -6. The sum of those three 
is plainly zero. Hence it follows that the sum 
of their cubes is three times their product, /.<*., 
(6 - cf -h (c-a)^ 4- (a - hf = 3 (h- c) (r-a) 
(a -6). 

6. x'* -f- 3.x- - fix - 8 
=:=(x’- 8)4 (3x2 ~fix) 

" (x -- 2) (x- +* 2x -i* 4) 4- 3x (x - 2) 
t= (x - 2) (x- H- 2x 4- 4 4* 3x) 

= (x -2) (x‘-*4- 5x4 4) 

= (x4 1) (x-2) (x4 4). 

7. x^4 4x4 3. If we put a; = - 1 we get 

1 — 4 4 3, whicli ecpials 0. Hence x- (-1), or 
.X 4 1, is a factor. Thus x^ 4 4x 4 3 = x‘‘ (x 4 1) 
- (X4 1)4 X (x 4 1) 4 3 (x 4 1) = (x 4 1) 

(x* - 4 a: 4 3). Again, putlhig a: - — I in the 

second fact or, we set? that x I- 1 is st ill a factor ; 
the ox])rcssion being (x 4 1) {x^ (x 4 1) - 2a: 
(x 4 1) -} 3 (X I 1)1 or (x 4 I)-'(x‘-’-2x -l-.3). 

8- yz (y -2)4 2X (z - x) H xy (x - y) 

- x“ (y - 2 ) - X (y- - 2-) 4 yz (y - 2), arranging 
in j)owers of x 
= {y-z) fx‘^-x(y 4 2) h yz\ 

= (y-2) (x-y) (x-2). 


3. 

4. 

1 . 

3. 

5. 

6. 

7. 

8 . 
9. 

10 . 


Kxamples 19 

5. X 4 4 ff . 

6. 2tt-I. 

7. 2a 4 3/>. 

8. 2.x-(x - 2// ) {3x 4y ). 

9. 3x(2x-y). 

Examples 20 

5. 2x -3. 

6. 2x- x4 1. 

7. 2x- - 4x - I . 

8 . . x - - 5 x 4 1 . 
Examples 21 

fiOaW. 2. {a4~b)(a- h)K 

x’’ - y“. 4. 3fi (x*-^ - 1 ) (a:- - 4) (x- - fi). 

(2x 4- 3) (2x - 5) (3x 4 4). 

(2x4 3) (2x~3y-' (3x-2). 

(x-y) (a:-2y) (a:-3y). 

2 xy^ (x - 2y) (x 4 2y) (x -- 3y). 

(a^-5'). 

12(x-l)(2x-l) (x'^-4). 


ahr^. 

2xh/Z. 

7xY. 

x-fi. 


x2-3x4 5 
2x - 1 . 
a 4 b. 
a- 1. 


Examples 22 

1. (x'^ - 2x 4 3 ) (4x’‘ - 4x''* - 41x 4 21). 

2. l^se factors, found by the Kemainder 
Theorem. The L.O.M. is (a- 1) (a -2) (a 3) 
(a - 4) (a -5). 

3. Use factors. L.C.M. is (x - 1) (2x - 1) 
(3x-2) (4x-3). 

4. Use factors. L.C.M. is (x-'-y)*^ (2x- y). 
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Laws of Electric Heating. 

Electric Radiators. Electric 
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Cooking. Electric Furnaces for Metallurgical Work 


By Professor SILVANUS P. THOMPSON 


AS has been jointed out in the course of those 
articles, whenever an electric current is 
forced through an imperfect conductor — that is, 
through a conductor which offers a resistance to 
the flow of electricity — the energy expended on 
forcing the current through the conductor is 
transmitted into heat. The conductor, in fact, 
is warmed or heated by the current that passes 
througli it, the energy of the current being 
more or less frittered away, as by a sort of in- 
ternal friction, according to the resistance of 
tlio conductor. 

Simple Experiments on Electric 
Heating. Every glow lamp gives an example 
of the heating of a conductor (the tilarmmt 
inside the lamp-bulb) by the passage of a current 
through it. Whenever any wire is too thin 
to carry properly the current that is transmitted 
through it, that wire becomes hot, even red- 
hot if tlio current be strong enough, or it may 
even bo melted. Tf water sliglitTy acidulated 
be pbw^ed in a U-tube and a current sent through 
it by means of a metallic rod inserted in the 
limbs of the tube, and joined to a battery or 
to a dynamo, tho water is rapidly heated. The 
greater tho resistance of any conductor through 
which a given current is sent, tho greater is the 
heating. Thin wires resist more than thick 
wires of the same material. If, therefore, a 
chain is made in which the alternate links 
consist of thin copper wire and thick copper wire, 
and a current is sent through 
the chain, tlie thin links will 
he found to heat up more 
than the thick ones. In this 
experiment the current should 
Ih) gradually increased by use 
of a few cells at fii*st and a 
larger number afterwards, 
until tho thin links glow red 
hot, illustrating tho principl 
of tho greater re- 
sistance of the 
worse conductor. 

Another variety of 
this experiment is 
to make a chain 
of pieces of equal 

thickness of copper 206. elbctbic cooker (General Electric Co.) 

wire and iron wire. 

As iron resists (for equal thickness and so found, and th< 
length) about six times as much as copper, the ~ 
iron links will be found to heat up red-hot as 
the current is increased, while the copper linte 
lemaiu cool. 

Lawa of Electric: Heating. The evolu- 
tion of heat in an electric resistance is governed 
by eertain definite laws. They are different 
aeoording to whether w-e are dealing with a 
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case in which tlio energy is supplied at a constant 
voltage or with one in which there is a given 
number of amperes of current. 

At a Given Voltage. The heat developed 
per second in a resistance varies inversely as the 
resistance. As heat is a form of energy, the rate 
at which heat is developed can be expressed 
in watts fsee page 291]. The rule is that the 
number of watts produced in heating a resist- 
ance is proportional to the square of the voltage 
of the supply, and inversely proportional to 
the resistance of the conductor that is heated. 
8up];K>8e, for example, that we have a conductor 
(of wire or carbon) the resistance of which is 
40 ohms, and it is supplied with current at a 
voltage of 100 volts, then the heat energy will 
be radiated from it with a constant value of 
1(K) X 100 -i- 40 - 250 watts. The current 
through the conductor will, of course, be 100 
-i- 40 2*5 amperes. If we wore to substitute 

a conductor of double tho resistance, the amount 
of heat-radiation would bo reduced to one half, 
or 125 watts. But if tho electric energy were 
suiiplied at double the pressure, tho heat-radia- 
tion in tho 40-ohm conductor would be increased 
fourfold, for then we should have 200 x 200 -4- 
40 -- 1,000 watts. In fact, the rule may be put 
into symbols as : 

W-V--:-R (1) 

where W is the number of w^atts that are being 
developed, V tho voltage of supply, and R the 
number of ohms of 
res is lance of tho 
conductor. 

Another way of 
calculating tho 
number of watts 
thus given out in 
heating is to i!alcu- 
late the current in 
ami)ercs by Ohm’s 
law [page 670] and 
then to multiply 
this by the voltage, 
since 

W == C X V (2) 
Yet another way 
- jg calculate tho 

i (General Electric Co.) current, square the 

, number of amperes 

so found, and then multiply tho resistance. 
Thus, in the above case, where a current of 
2’ 6 amperes was sent through a resistaiice of 
40 ohms, we may calculate as follows ; 

2*6 X 2’5 X 40 = 250 watts. 

In this case the formula becomes : 

W = X R. (3) 

in this last form the rule is known as Joule’s 
law, in honour of Dr, Joule, who discovered 
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t^at the heating effect in a given resistance 
is proportional to the square of the current. 
But it is less useful in present calculations 
than the first rule, because the current is not a 
fixed quantity but depends on the resistance 
used. 

Electric Radiators. The domestic heat- 
ing radiators are now manufactured in many 
forms. One familiar form [207] consists of a 
number of special large glow lann>s arranged to 
glow at a dull-red heat. These radiator lamps 
take about one ampere each ; so a radiator with 
five such lamps, if supplied at 100 volts, will 
consume power at the rate of 500 watts. Such 
a radiator would suffice to keep a small room 
gently warmed. As 1,000 watt-hours (or one 
kilowatt hour) niake one Board of Trade unit, 
such a radiator would consume half a unit per 
hour. Most supply companies charge — for 
heating purposes — 
the low rate of 1 Jd. 
or 2d. per unit. So 
that such a radiator 
would cost Jd. to Id. 
per hour while in 
use. Other radiators 
are made with con- 
ducting wires of 
considerable resist- 
ance embedded in 
enamel. A recent 
form employs a 
special powder of 
granulated carbo- 
rundum mixed with 
graphite, enclosed in 
tubes or long cart- 
ridges, under the 
name of Kri/ptol, as 
a means of electric 
heating, the cart- 
ridges being en- 
closed in convenient 
stoves or radiators. 

Electric Cook- ^ 
ing. For cooking, 

boiling, and heat- 207 . electric clow Bi 
ing curling tongs. 

laundry fiat-irons, and the like, resistance wires 
of some suitable metal, such as German silver. 






parts arc pressed together, welding takes place, 
and a remarkably perfect union is effected. 
Electric welding is now used for many different 
kinds of metal. 

The Electric Furnace. A most im- 
portant industrial application of the principles 
set forth at the beginning of the article is found 
in the electric furnace^ by means of which a tem- 
perature much higher than that of the ordinary 
coke or charcoal furnace may be obtained. 
The applications of the electric furnace are two- 
fold — namely, (1) in processes which of necessity 
require a temperature higher than that which 
can be obtained with the ordinary furnace 
(which is about 2,000'" 0.) ; and (2) in others 
which are workable also at lower temperatures, 
but in which the electric furnace is so compact 
that the cost of production is much le.ss, and 
there are no products of combustion to carry 
away the heat. 

T o furnaces 
themselves may also 
bo divided into two 
classes — narac’ly, 
those in which the 
heating is done by 
the aid of resistance, 
as in the domestic 
heaters already de- 
.seribed. and those 
in which an electric 
arc is formed, and 
is allowed to play 
on the contents of 
the furnace. Many 
types of furnace 
cannot, however, be 
classed definitely 
under these head- 
ings, as practice has 
shown the advis- 
ability of combining 
both actions in one 
form. 

M oissan*8 Arc 
Furnace. The 

[ATOB (<5ener«lRU.ctrlcC...) simplost form of 
arc furnace is that 
devised by Moissan, in France. As shown in 
208, the furnace consists of two blocks of chalk 
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are embedded in an insulating cement or enamel, 
so that when hcaUjd by the current a hot suifaco 
is produced. To heat a pint of water to boiling, 
the energy needed is about ^.2 of a kilowatt- 
hour. Or, if energy bo supplied at 1 kilowatt, 
the pint of water will be brought to the boil in 
about five minutes. The advantage of such 
methods is the absence of smoke and fumes, 
the entire cleanliness, and the circumstance that 
the heating is produced only when and where 
it is want^. Fig. 206 illustrates a small oven 
for breakfast cooking, combined with a hot-plate 
for heating a kettle. 

Electric Welding. If the ends of two 
iron rods or wires are pre.sscd together, and an 
eleotrio current is sent through them, the joint 
bein^ an imj^rfect conductor, offers resistance, 
and IS heated red-hot. If, when so heated, the 


carefully dried and carved out so as to form a 
cavity in which a carbon crucible can bo placed. 
Massive carbon rods pass into this cavity from 
opposite ends of the furnace, and the are formed 
between them plays over the crucible, heating 
the material under treatment in the manner of 
the common reverberatory furnaces. Moissan 
has been able readily to melt even the most in- 
fusible of metals such as platinum and iridium, 
and has shown that gold is not only melted but 
lx)ils, giving off a purple vapour. The use of 
this furnace is preferred in the production of 
metals, alloys, oto., which are themselves too 
conductive to be used in a resistance furnace. 

Resistance Furnaces. In these the 

conductors such as carbon rods^ or olmu bars 
laid in grooves in the bed of the furnace, or of the 
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materials themselves, as in many processes these 
are semi-conducting, consisting of refractory ores 
mixed with carbon. In all true furnaces the 
heat itself brings about the reactions, but in 
one kind of apparatus depending on principles 
more particularly described in another chapter, 
the reaction is an electrolytic one, but m this 
action will take place only while the materials 
an^ in a fused state, the dimensions of the 
apparatus are so arranged that the materials are 
heated by tin? passage of the (mrrent. 

Electric Furnace Processes. 'Po give 
an idea of the practical application of the electric 
furnace, the following processes are briefly 
described : 

1. Calcium ('aruidb. Lime and carbon are 
mixed together and heated to a high tempera- 
ture by the passage of the current. Two forms 
of furnace are in use, one in wliich the process 
is continuous and the other in which it is inter- 
mittent. In the former the materials are fed 
down a funnel on to a hearth, where they are 
convertcKl into the carbide, this being drawn 
off in the liquid state as it is formecl. As calcium 
carbide solidifies at a high temperature, difficulty 
is experienced in devising arrangements for 
drawing off the carbide, so that a more usual 
way of manufacture is to feed the maUu-ials 
slowly into a bin with metal sides, and as the 
carbide is formed to raise the (dectrode so that 
in the end a solid block of carbide is withdrawn 
from th(^ furnace and a fresh charge introduced. 
'Phe carbide obtained in this way is liable to 
contain portions of uncombined lime, and so 
forms th(^ cheaper qualities on the market. 

2. (Carborundum. 'Phis is a compound of 
<!arbon and silicon (known chemically as silieem 



209. CARBORUNDUM FURNACE 


carbide), and is made in a furnace such as is 
shown in 209. Tt consists of a rough brick- 
work structure, which can be taken down and 
reconstructed for each run, and is designed merely 
to keep the raw' material together. Each elec- 
trode is formed of a bundle of carbon rods set 
in a metal holder to which the leads are attached. 
Between the ends of the electrodes there is built 
up a core of broken coke, around which the core. 
Consisting chiefly of coke and sand, is packed. 
A furnace measuring about 15 ft. by 7 ft. by 7 ft. 
requires about 1,()00 horse-power when fully 
running, and takes about 36 hours, giving a 
yield of about 2 tons of carborundum. 

3. Phosphorus. Improvements were devised, 
in 1888, bjr Roadman and Parker for the elec- 
trical heatmg of the ingredients (phosphoric acid 
and carbon) which are used to make phosphorus. 
The old way lud becjs. to place small retorts 
containing the mixture in an ordinary furnace ; 


but by introducing the electrodes into the 
crucibles and heating the contents partly by 
arc and partly by resistance methods, a 
much cheaper and purer product resulted. 



208. moissan’s aro furnace 


4. Nitric Acid. Nitrat<is arc now being made 
in Norway by Birkcland and Eydc by passing 
a high-voltage alternating current discharge 
through air, the high temperature causing some 
of the atmospheric nitrogen to combine with 
oxygen, producing nitrous fumes which aro 
absorbed in watcM*, making nitric acid, or in lime 
to make nitrate of lime, wliich is a valuable 
fertilising agent . In the special furnace employed, 
the alternating are is formed between the poles 
of a magnet, which (causes it to take the form of a 
roaring disc of flame through which the air is 
passed. 

Power for Electric Furnace WorK. 

Electric furnaces cannot bo used industrially 
unless the electric jiowcr is furnished very 
cheaply. Hence it is that faiUorios for the 
production of calcium carbide, corundum, and 
nitrates aro to bo found only in the neighbour- 
hood of the great natural sources of power — 
namely, waterfalls. Water-driven turbines drive 
.suitable generators, from which the energy is 
conveyed as electric currents to the furnocjes. 
Except for certain special electrolytic processes, 
such as the production of aluminium, in which 
necessarily the continuous current must be 
used, the currents supplied to electric furnaces 
are of the alternating kind. 'Iho reasons for 
this preference are briefly that the generating 
machinery is cheaper because of the absence 
of commutators, and that, because alternating 
currents can be readily transformed from one 
voltage to another, the transmission of the 
currents at high voltage through relatively 
thin conductors to transformers right at the 
furnace cheapens the cost of the installation. 

It must bo borne in mind that, in all electric 
furnace processes, success depends so greatly 
upon the sound engineering of mechanical 
details, and upon the good commercial organisa- 
tion of the factories, that electrical details are 
of relatively minor importance. Most electric 
furnaces to be worked profitably must be kept 
going day and night without stoppage, since 
the load- factor (page 2816) must be kept as 
high as possible if the cost of the supply is to be 
low. 
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By Professor R. ELSEY SMITH 


Walls — Setting Out — Footings. Walls 
may bo constructed entirely of masonry, they 
may be formed principally of masonry and 
faced internally with brick to receive a plastered 
fjice, or they may be built largely of brick, with an 
external facing of masonry. The setting out of 
the position of masonry walls on the site may be 
carried out in the same manner as described for 
brick walls. 

All forms of stone walls I’ecpiiro to have foot- 
ings below the base of the wall [1341, and if these 
are made equal in projection and lunglit to the 
requirements described for brick footings, this 
will be ample, and footings of somewhat reduced 
dimensions will, in many cases, suffice. They 
are constructed with fewer and larger offsets, 
owing to the nature of the material of which they 
are formed, ami in the case of a rubble wall of 
about 2 ft. in thickness, there would not be, as a 
rule, more than two offset/S in the footings, and 
in some cases only one. 

Concrete under Walls. It is also 
desirable in many situations that such a wall 
should stand on a concrete bed as described for 
brick walls, but much will depend on the nature 
of the soil on which the wall is to stand. 

Stone walls, es^x^cially all kinds of rubblo 
wall, must, as a rule, be very much thicker than 
would be required for brick walls in the same 
building, owing to the nature of their construc- 
tion. Rubble walls cannot be well constructed 
of a less thickness than about 1 ft. 8 in., and are 
more often about 2 ft. thick ; if provided with 
footings, the weight is distributed over a wide 
area, and concrete may often be omitfed if the 
bearing quality of the soil be satisfactory. 

Tn the case of most ashlar walls, the ashlar is, 
in fact, an outer facing to a brick wall, and the 
footings are formed of brick in accordance w ith 
the usual practice in brickwork. 

Bonding. In all forms of masonry, the 
question of bonding tho work thoroughly togetlujr 
— and, if it })c not homogeneous, but composed 
of two different materials, of bonding efficiently 
the two parts together — is a matter of great 
importance. The conditions, however, are quite 
different from those of a brick wall in which all 
the blocks used, unless they are cut, are of uni- 
form size, and small ; in a masonry wall, on tho 
other hand, the individual blocks are, as a rule, 
considerably larger than bricks, and they vary 
very much in size, and often in shape, except in 
the case of ashlar, where the blocks are always 
large and truly rectangular. The bonding of 
masonry, therefore, is not reduced to certain 
definite and regular methods, as in the case of 
brickwork, but the mason must, to a largo 
extent, use his judgment in selecting and dis- 


tributing tho blocks of which a wall is built, so 
that every course shall bond with the adjoining 
courses, not merely on tho face, but through tho 
thickness of the wall. The danger that was 
referred to in brickw^ork of a straight joint be- 
tween tw^o successive courses exttmding through- 
out the w'holo height of a w'alJ,' does not exist in 
masonry, from this very fact that w'o aro no 
longer dealing with blocks of absolutely uniform 
size. Where a w'all is being built of small stones, 
it is desirable that at frequent intervals some 
large stones should ho laid in the wall with their 
longest dimension perpcndieiilar to the hveo of 
the w'all, as a header in brickwork ; these aro 
termed homl sUmea or through aUmea^ and some 
of them, if ^x>Ksible, should extend from the outer 
to the inner faces of the wall, unless the stone be 
porous in charoc^ter and liable to convey moisture 
Uirough the w^all. The method of using these 
differs a little in different classes of work, and 
will be referred to as these are dealt with. 

Building Angles. Tn the ease of walls 
formed of small stones, it is convenient that 
w'horever angles hav(i to be formed, including 
ordinary salient and entering angles, and the 
salient angles of all forms of openings, that 
larger stones should be used, which can be more 
easily set and plumbed, and form a stronger 
angle than could be constructed w’ith rougher 
stones of irregular size. ThcKC angle stones, 
w'hicih are termed guoinaf bond with the work on 
both faces of the wall ; they are of special 
utility in constructing the w^alls, as they can 
easily be set out with a plunniicl, as in the case 
of a brick wall, the intermediate parts of the w'all 
being aligned by means of a cord. To assist 
this .setting out, the salient nngU^ of such a block 
has usually a draft on eatih face if'the remainder 
of the exposed faces aro left rough. In building 
stone walls, if the beds are even and the mortar 
jointa therefore are thin, the Hurfa(?es of the stone 
above and below the bed must bo well wetted, 
or they will absorb all the moisture from the 
mortar. Kven when tho beds are irregular and 
the mortar joints thick, the stones should 
w’etted if they arc dry and porous. 

Method of Building Walls. Masonry 
walls are usually thicker than brick walls of tho 
same height and length, and, as in the case of 
brickwork, tho facing is first set out, and tho 
core or heartiiig — that is to say, tho centre part 
of the wall — is afterwards filled in. This requires 
considerable care. In the irregular classes of 
masonry, tho backs of the facing blocks are left 
somewhat rough, and the stones used for filling 
in are not more than very roughly shaped, so 
that considerable interstices may Occur ; these 
should bo filled with smaller stones or apalla, 
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which are fragments knocked oi! the larger stones* 
and are set with mortar ; but in this process, 
any tendency to drive in wedge-shaped atones, 
which will force out the facing blocks, must bo 
avoided. 

Different Classes of Walling. Masonry 
walling is described under the three general 
classes of ashlar^ block in course^ and rubble. 
Each of these is best adapted to certain classes 
of stone and descriptions of work. Rubble is 
the one that is used with the poorest class of 
material, though perfectly sound and very 
effective walls may be constructed in this 
manner. 

Rubble. Bubble includes masonry of very 
different classes under this one general tc^rm, but 
it is applied to those forms of walling in which 
the sizes of the stones vary very much, but where 
the majority of the stones are small, and it is 
usual, in describing tliis class of work, to qualify 
the general Uirm by some other descriptive title. 
But in all forms of rubble walling the beds of 
the stones are only roughly prepared by knocking 
off protuberances, and the mortar joints are, in 
consequence, thick. The face of the stones 
forming the wall may be dressed with a hammer, 
which i.s usual with such intractable stones as 
Kentish rag, or with a punch or chisel. Some 
forms of laminated stones, whicih are found on 
quarrying to be in small pieces, may often be 
employed with little preparation. 

Common. Random, or Uncoursed 
Rubble. Oomniony random^ or uncoursed rubble 
denotes work in which the stones are of irregu- 
lar shapes without regular horizontal or verti- 
cal bods, though some of the beds are usually 
approximately vertical or horizontal fl35J. A 
variation of this is known as 'polygoruU rubble — 
a term applied to work of which the blocks are 
very irregular in form, but at the same time 
carefully prepared with a hammer, so that they 
fit well together without the use of spalls. Tt is 
often employed for Kentish rag, and permits of 
stones being roughly shaped when required, as, 
for example, in the voussoirs of a discharging 
arch, ancl quoins may be worked in of the same 
material with drafted angles. Bond stones in 
such walling consist of stones somewhat irregular 
in form built in with their long dimension per- 
pendicular to the wall face. 

Irregular Coursed Rubble. This 
variety, also called snecked or squared rubble, 
is employed with those classes of stone that 
are found to have w'oll marked horizontal 
beds, but occur in beds of irregular thickness, 
and produce blocks of irregular size. The ends 
are usually made approximately vertical, but 
this is not universal ; in this form of rubble the 
beds are horizontal, and are usually arranged 
to run through the length of several stones, 
but they are not made continuous for more than 
a few feet, and may be broken at any point to 
fit in a stone of greater depth. The process qf 
sneclnng is the careful preparation and filling in of 
small stones to complete the shallow course, and 
brii^ up beds to a level. Bond stones are usually 
equiS in height to two or three of the smaller 
courses. - 
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Rubble built up to courses [186] consists of 
rubble such as has already been described, but 
laid so that at irregular intervals of about 12 to 
18 in. a true horizontal bed is formed, extending 
through the length and thickness of the wall. 
Any quoins or dressings are set out so as to cor- 
respond in height with these courses, and where 
the walling is of the same character as in irregular 
coursed rubble, and the bonding blocks in each 
cour.se arc equal to the full height of the course 
in which they occur, the work is described some- 
times as coursed header work [137], and the 
headers in such a wall should equal about one- 
fourth of its total superficial area. 

Regular Coursed Rubble. Regular 
coursed rubble is used where a more uniform 
appearance is required [138], and where stones 
are found fairly uniform in size, so that they may 
be sorted out to form regular courses, each 
course being formed of stones of the same height 
but of various lengths, and successive courses 
are not necessarily of the same dcipth. 

Flint Walls. Flint ivalls are a variety of 
rubble work much employed in districts wduTO 
flints abound. The wall may be built throughout 
of flinis, or they may be used merc^ly as a facing, 
with a backing of brick or other stones. Flints 
are sonic'timos used just as they are found, 
unbroken ; but when so employed produce a 
wall face that is rough in character ; in many 
districts they are knapped or polled — that is to 
say, the stone is split so as to show a vertical 
face, when the dark colour and smooth texture of 
the flint make a very beautiful wall surface, 
especially when combined, as is usual, with 
dressings of stone or of rod bri(;k. In the finest 
work the stones are not only split, but roughly 
squared, or cut to other forms, and they may 
then be used to form panels let in flush into 
stonework. Much effective work of this kind 
is to be seen in the eastern counties of England. 

Dressings to Flint Walls. Flint is not 
a material that is suitable for forming quoins or 
dressings, and where stone is available quoins 
and dressings are formed of this material. At 
salient angles the quoins are formed in the 
usual way, showing on both the front and return 
face of the wall, and so also in the case of 
dressings to openings. At internal angles, where 
two walls meet, or where a buttress projects 
from the wall face, the ashlar blocks are made 
long, and show alternately on the face of the 
two walls, part of the stone being concealed 
behind the other wall, which is stopped against it, 
and in this way a very strong angle is formed, and 
one that is also effective [140]. This may be done 
equally well where the angle formed is not a right 
angle, as, for example, where an angle buttress is 
formed at the external angle of a building, the sides 
of the buttress forming in each case an internal 
angle of 135 degrees with one face of the wall. 

Except in the case of quite low walls, it is 
often usual to introduce horizontal stone courses 
at regular intervals of about 6 ft. or less, whi<Sh 
lure termed lading courses, and act as bonding 
cours^. A very beautiful effect is produced by 
building flint walls as coursed header work, 
arranged m that the headers are perfectly square. 
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and equal in width to the spaces between them, 
and arranged in alternate courses like the squares 
on a chessboard [189]. A stone of a warm, rich 
yellow gives a good effect. 

Brick Dressings. Brickwork may be 
used in a similar manner to stone, and red brick 
is usually selected ; quoins, dressings, and lacing 
courses may be employed, and are effective in 
appearance, and produce a good sound wall. 

Such quoins are usually formed of from two 
to four courses of brick, the smaller quoins 
showing 9 or 14 in. on the face, and the larger 
quoins an additional half»brick on face fl39J. 

Where openings arc formed in a flint wall, 
the head and sill in the case of a window, and the 
head and threshold in the case of a door must 
also be of brick or stone. A brick anfli, flat or 
cambered, as already described, or a stone arch 
or lintol is used for the head, and where a sill 
is required it may be of either brick or stone, 
bu t a threshold is usually of stone. Ilia desirable 
whenever possible that the inner face of the wall 
should bo lined with brick if it is to be plastered, 
or with (ishlar if it is to be exposed. 

Mortar Joints. The mortar joints of all 
kinds of rubble work are usually thick, and most 
of the joints described for brickwork may be used 
as a finish, but of these a flat or a weathered 
joint is most commonly used, and another form 
of joint known as a rmmm's joint, is employed, 
in which the lower edge protrudes slightly, 
forming a drip. Where the joints are very wide 
it is sometimes the custom after the joint is 
formed, and before it is sot, to stick into it 
chips of flint or stone or fine pebbles, at short 
intervals, forming a line near the centre of the 
joint, and reducing its apparc'iit size somewhat. 
This process is known as galletimj. 

Dry Rubble. Dry nibble is sometimes 
employed in stone districts, but mainly for fence 
walls ; if well constructed, it makes a fairly solid 
wall, which, unless deliberately overthrown, will 
last for a long period ; such walls are usually 
formed somewhat tapering in section, with an 
average thickness of about 18 in., and may be 
constructed 5 or 6 ft, in height. The top should 
be protected by some form of coping, and the 
best manner of forming this is to use blocks of 
the width of the top of the wall, the tops roughly 
rounded in form, and, if this coping be set in 
good mortar, it adds materially to the strength 
and life of the wall. Failing this, sods of turf 
will do a good deal to keep wet from the heart of 
the wall. 

Block-inacourse. The term hhck-in-coiirfie 
is given to walling which does not differ essen- 
tially from coursed rubble, for in this case also 
every course is formed of stones of equal height 
throughout the course but of various length, and 
the successive courses are not of uniform depth, 
varying from 3 in. to about 10 or 12 in. in height 
[!«]; but this term is applied to walls formed of 
a better quality of stones, which are usually 
carefully squared and formed with fairly fine 
ends. The face also is usually hammer dressed. 
As a tule the avera(^,e size .^f the oourses is deeper 
tibuin those in coursed rubble work. This class of 
waUing is misch used for the facing of large piers 
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and by engineers in stone districts. The 
joints are usually somewhat finer than in rubble 
work. 

Ashlar. Ashlar is the finest class of masonry, 
in which the blocks are all carefully squared 
and prepared with fine bed and heading joints. 
In the finest ashlar the courses are uniform 
in height throughout, and the stones are also 
worked to regular and uniform lengths, and are 
arranged so that the alternate courses bond [143]. 
This may be done by using stones of two widths 
on the face, corresponding with the header and 
stretcher in brickwork, and set out on the prin- 
ciple of Flemish bond, or it may bo formed with 
blocks of uniform size by employing quoins 
of difTenmt lengths in alternate courses. Ash- 
lar is not always so regular as this ; both the 
courses and the individual stones may vary in 
size, but they are always truly squared and 
dressed with fine joints [142]. The face of 
the stone may bo finished in any of the 
methods described in the previous article, 
and it is not unusual when a plain ashlar face 
is adopted for the general surface to employ 
rusticated or vermiculaled quoins. In forming 
ashlar walls it is customary with certain stylos 
of architect ture, in order to give greater variety 
to the appearance of large surfaces and an effect 
of boldness, to mark the outline of every stono 
by a sinking [161 and 162]. This emphasises 
the construction and gives scale to the building. 
Jt is in no way a structural necessity, but is 
purely an appropriate enrichnumt, as is much 
else in good masonry. 

The simplest form of sinking is formed by a 
shallow rebate worked round the edge of each 
stone [147]. In forming this it should bo ar- 
ranged wherever possible that the joints should 
occur at the top of the rebate, and not at the 
bottom, as one thus formed is much loss likely to 
allow water to penetrate at the joint. Another 
simple form consists of a V-joint [147], a cham- 
fer being worked all round the edge of each stone, 
and in this case the joints between adjacent stones 
are formed at the point of the V. The surface 
of the joint may be rubbed or tooled as desired. 

These are the forms usually employed in plain 
ashlar ; but, where rusticated or vermiculated 
surfaces are given to the stones^ increased 
prominence is given to them by the use of a small 
group of mouldings running round the panel [see 
B., page 2841]. These joints are not confined 
to the rectangular blocks of plain walling, but 
may bo used equally to em])hasi8e the large 
blocks, or voussoirs forming an arch, and in 
large structures often fulfil an important func- 
tion in the design [138J. 

Constructing Ashlar Walling. The 
courses in ashlar work are usually at least 
12 in. in depth, and are often very much deeper ; 
the mortar bed should not exceed J in., which 
implies, a very true and even upper and lower 
bed to each course. In laying the stones they are 
first fitted in position dry, and when found to be 
true they are hfted, the surfaces of the two stones 
below and above the joint are sprinkled with 
water, the mortar bed—eomposed of on© part of 
hydraulic lime and two parts of fine clean sand-^ 
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is spread on the lowoi* stone, made -is level and 
even as possible, and the upper stone is then 
lowered to its place ; it is afterwards tested 
with a spirit-level, and if not perfectly true, 
may be slightly shifted with the help of a wooden 
mallet. If it cannot be levelled by this means 
it must bo raised, and the mortar bod adjusted, 
where required, so as to raise or lower part of 
the bed ; but great care is required to see that 
the mortar is spread truly and evenly, otherwise 
even with carefully-prepared beds there may 
be an inequality of bearing in different parts 
of the stone and a consequent tendency to 
fracture. 

Backings to Ashlar Walls. In most 
work the ashlar does not form the full thickness 
of the wall, but is used as a facing, and is backed 


Forming Cement Joggles. It is usual 
to strengthen the heading joints by cutting 
a V-shapod sinking in thd corresponding faces 
of two adjacent stones ; after they are bedded, 
the cavity thus formed is filled with liquid 
cement, which as it sets hardens and prevents any 
lateral movement [144]. Such a cement joggle 
is a source of strength, but is liable to stain the 
stone, and it is best suited to thick blocks, and 
a slate or a metal cramp is better employed if 
the stone has only a thin bed. 

Slate Cramps. The slate cramp consists 
of a block of slate of uniform thickness, generally 
an inch or more, which is cut into tin* form of a 
double dovetail. A single dovetail mortise is 
cut in the upper surface of each of the two stones 
to be tied together. When the stones are 
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up w'ith brickwork [68, page 2177]. When this 
is the case the minimum thickness of the ashlar 
face should be fixed, and this should never be 
less than 4 in. ; it should be arranged so that 
about one-third of the total area of the face 
is built into the backing for at least an additional 
half brick. The stonework is usually bedded 
in lime mortar, as cement will stain the face of 
the stone, but the brick backing should bo formed 
in cement mortar, or there will be a tendency, 
with the many brick joints, for a greater settle- 
ment to occur in the brick backing than in the 
ashlar face. The cement used in the backing 
tends, if the ashlar be thin, to work through to 
the face and stain it. To guard against this 
the backs of the stones may be protected with 
a coatix^ of slurry formed of stone dust mixed 
with a little lime. 


placed side by side in ])()siti()u, Ihcst! form a 
double dovetailed mortise, into which the ])rc- 
pared slate is fitted and set with mortJir or 
cement, and binds the stones togethei’ 1146). 

Metal Cramps. These vary in form, hut 
they generally consist of a bur of metal with 
an enlarged head or cross-piece at each end. 
Mortises arc cut in the two stones to be united 
to receive the hcfids and cha.se.s for the body of 
the tie, so that it can be simk below the upper 
surface of the stone, and when in position it is 
run with cement or lead [146J. 

Such ties, if of iron, must he galvanised, as 
there is a danger that if moisture reaches them 
corrosion will take place, which, by increasing 
the bulk of the iron, may in time suffice to split 
the stone, or may at least discolour the surface. 
If the cramps are completely bedded in cement, 
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this preserves the surface of the iron from rust- end is inserted and driven down upon Uie cone, 
ing. There is often danger in using lead as a filling which separates and spreads the parts into which 
in any situation whbre moisture has access, for the rod has been cut and forces them against the 
a galvanic action may be set up and the iron side of the stone ; wheii driven well home it is 
gradually eaten away. The result of such action impossible to withdraw the rod. The upper end 
may frequently be seen where iron railings may be secured in a similar way by driving a 
have been let into a stone kerb and run with letui. cone in upon a split end or by tapping the end 
In such old railings the section of the iron is and using a nut and washer as before [148]. Such 
greatly reduced immediately above the kerb, precautions are not required in ordinary building, 
and sometimes almost entirely oaten away. but may bo necessary in any marine work exposed 

Copper, though expensive, is the best material to the action of waves, 
for all such cramps, as also for dowels used in Dowels. Dowels [149] -are mainly used to 
masonry, where metal dowels are required. prevent any lateral movement, as already de- 

Where the object is not so much to give strength scribed for terra-cotta, but in addition to being 
in a longitudinal direction as to prevent any employed between successive stones, or courses 
lateral shifting, a different form of cramp is used, of stories, tht^y are used for steadying the feet 

which may bo lot into the heading joint, not into of any solid frames and posts resting on a stone 

the upper surface. A metal bar is used shaped base ; for example, the side posts of a door 

rather like a short section of an ordinary rolled frame standing on a threshold of stone are 

doweiled to it, so also with a verandah or covered 
way the foot of the posts are doweiled to the stone 
kerb or basis in which they stand. Tlie dowel 
may be of metal or slate, and is then let into the 
wood post and run -with white] ead, or some- 
times merely a long pebble is used, which should 
fit closely the mortice cut at the end of the post 
and in the stone, and which is sufficient to prevent 
any lateral movement. 

Forming Special Joints in Stone. 

Besides employing other materials to strengthen 
the joints between successive courses of stones, 
there are various methods used for strengthen- 
ing such joints in the process of dressing 
the stone itself. Nearly all these methods 
involve a considerable -amount of labour and 
some waste of material, and they are reserved 
for positions in which such additional strength 
as they give is essential. 

The most usual of these is joggling, which 
has already been described [see page 2783]. 
If a stone head be built up of a scries of small 
stones resembling terra cotta blocks, the same 
system of jointing them may bo employed, but, 
as a rule, it is possible in masonry to get stones 
long enough to span any openings of ordinary 
length which it is essential should have a lintol 
and not an arch over them. But joggling is 
very usually employed for landings [160], where 
comparatively thin stones of considerable area 
joist ; this is first let into the heading of one have to be jointed up, and in such cases the joggle 

stone and run with cement, and afterwards the is usually stopped some little way back from 

next stone, which has had a cavity prepared the face of the stone, and is formed as a slightly 

for it, is placed against it [146]. tapering projection fitting into a corresponding 

Vertical Cramps. Occasionally it is mortice or sinking in the next stone. A rebated 

necessary to unite two successive horizontal joint is sometimes used for landings, and some- 

courses with a meial tie. One end may bo en- times a sinking is formed in the heading of each 

larged, roughened, and let into the lower stone, stone, and a long slate dowel inserted. 'This is 

and the upper end passes through a perforation more easily cut, but is loss efficient than a joggle, 

in the course above and is tapped and fixed by Tabled Joints, For strengthening hori- 
means of a washer and nut. Another method zontal joints is sometimes resorted to [164J. 
of fixing the lower end without the use .of cither This consists in working a projection on the upper 

cement or lead is to form the lower part of the bedof one course of considerable area and proyid-< 

hole formed for the bolt in the form of a cone ing a corresponding sinldng in the succeeding 

spreading towards the base. The rod has course into which it fits. This forms a strong 

t&e lowei end split by three or more cross cuts, joint, but entails a good deal of labour and waste, 

and is fixed l)y inserting in the bottom of the and is required only where there is likely to 

hole a prepared metal cone, resting visually on the be considerable lateral strain, either as the result 

upper sunacie of the course below, llie split of shock or thrast. Such a joint is used ki marine 
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work, and in the lower coui-se of spires, where 
horizontal joints are used ; but for the latter 
a simple rebated joint may also be made use of. 
For very special work, as in the fo\mdationa of 
the Eddystone Lighthouse, the stones were veiy 
carefully framed together with dovetailed joggles 
1461] so as to withstand the shock of immense 
waves bursting against the base. 

Jointing Copings and Weathered 
Surfaces. In jointing the copings of sloping 
gables a rebated joint should be used to prevent 
the penetration of w'et to the wall, and care 
must be taken to see that the point a is lower 
than the point 6 fl52J, so that, in the event of 
the mortar perishing and water getting into 
the joint, it will pass out again and not got 
through the joint to thenvall. 

This form of joint is used when the upper 
surface is in one plane ; but copings and 
water tables are often finished by using 
slabs not of uniform thickness, but 
tapered so that the lowc^r edge, which 
is thick, is rebated over the thinner 
upper edge of the next block, and it may 
be provided with a small hollow moiild- 
ing to serve as a drip. 

For stones of which a largo part of the 
upper surface is exposed to the action of 
the weather, as in the case of the large 
projecting stones of a cornice, there 
would be some danger that water w’ould 
find its way into the joints of the upper 
surface which is weathered — that is, worked 
to a slope to throw any water falling 
upon it towards the edge. To protect 
such joints the weathering is not carried 
through the entire length of each stom^, 
but at each end of it a narrow band or 
fillet of stone is left raised [153J. This 
may represent the original surface of 
the block, or it may itself be slightly 
w^eathered. Th(? outer edge of the fillet 
corresponds with the heading joint ; the 
inner edge is rounded ofi’ to meet the 
weathered surface, and this form of joint 
is termed a aaddle-hack joint. 

Moulded and Enriched Work. 

We have dealt so far with perfectly plain 
work built to form various classes of 
walling ; and w'O may note that iwcry 
stone must be to a greater or less exU;nt 
wrought or dressed before it is built 
in, whereas most bricks are employed just 
as delivered. With masonry, therefore, to a 
greater extent than with brickwork, there 
are facilities for varying the surfaces, and par- 
ticularly the arrises of the blocks, by the em- 
ployment of mouldings, which give an added 
interest and beauty to the lines surrounding an 
opening, or in the form of bonds or courses of 
moulding ; the highest art of the mason is 
exhibited in the setting out and working of 
moulded and enriched work on wall sirnfacos, 
including arcades and niches, in openings with 
teacery enrichments, and in vaults and domes. 
Such work often requires an advanced knowledge 
of geometry to enable the mason to set out his 
work as well as high technical skill to execute it. 


But however gi'eat the elaboration of the 
enrichment or the irregularity in the form of 
the block to bo worked the mason must start 
from a simple block of stone and reduce it to a 
regular shape, on which he can set out his 
mouldings, and from which ho can sink his 
irregular surfaces, and all stones, whether 
elaborate or simple, go through the same kind 
of processes. 

Method of Sinking Mouldings. The 

method of squaring up a stone has b(‘en 
already described. Jtet us assume that we have 
such an oblong block of stone which is to foi iu 
part of the cornice of a building, and consuh'r 
the processes of reducing it to its ultimate form. 
The mason is supplied by the architect with 
a full size section of the moulding to he worked ; 
this is first transferred from the draw’ing to a 


sheet of zinc on which the outline or prolilt^ 
is marked with a sharp point and then cut out 
accurately, so as to produce a very thin section 
of the exact form of the block to be worked. 
This section is termed a temylcdv. If, now, 
our lilock has bc(;n accurately reduced to the 
thickness of the finished stone, the template 
may be applied first to one end of the stone, 
and its outline scribed on the stone with a 
sharp point ; it is then applied to the other end, 
and again scribed fl56J. There will generally 
be found to be certain well marked planes which 
approximately contain the linea of mouldings 
within them, and these are also marked in the 
ends of the stone. The two ends of every 
such plane are marked on the face or bed of 
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the stone, and are connected by a line scribed 
on the sui^ace. The first process is to knock 
off the superfluous stone and reduce the block 
to a shape approximating to the finished form, 
and for this work the pitching tool is often 
used. From this face the moulding, if they 
be close to it, maybe sunk direct, or, if necessary, 
further general sinkings may be made, and in 
marking and forming these the bevel comes 
into service; for the main surfaces being no 
longer at right angle, the square cannot be used. 
In every case where the moulding runs through- 
out the length of the stone, each successive 
plane is worked off along the whole length before 
the final process l>egins. In working the mould- 
ings they are first roughly chiselled to their 
approximate size and shape but about Jth in. 
full, and they arc finally cleaned up with narrow 
and rounded chisels ; but the ends of such 
mouldings for an inch or two next the heading 
joint arc often not cleaned up till after the 
stones are fixed, to facilitate any slight adjust- 
ment of the alignment that may be required. 
The straightedge is used to test the accuracy 
of the long lines frequently, and care must be 
taken in the early stages not to sink any part 
of the work below the level of the finished 
face. 

Mouldings in Circular Work. In the 

case of mouldings worked on a curved surface, 
as, for example, in the case of a moulded 
vaulting rib or an arch stone, the process is 
similar, but the block, after being squared, is 
next reduced to the form of the required curve 
before the sinking of the mouldings is taken 
in hand [156], and in doing this a face-mould is 
employed to mark out the curved block. 

Winding Surfaces. For some purposes 
it is necessary to give to the stone not a true 
but a winding face ; to do this, in place of 
using two parallel- sided straight-edges only one 
such is used, while the other has diverging 
edges set out to give the amount of twist requirecL 
The distance apart of the rods must be accurately 
fixed. The parallel-sided straightedge is placed 
on the near edge of the block of stone on a 
draft prepared for it, the other being applied 
to the further edge, on which a draft is worked 
down till the xipper surfaces are found to be 
level when boned. Straight drafts are then 
worked along the sides of the stone connecting 
the two ends of those first formed for this pur- 
pose, the two ends are subdivided into any 
convenient number of equal parts — a- o’* and 
5* 6*-* etc. ; then straight drafts are worked 


across from to 5^, a* to 5^, etc., and the 
intervals between them may be again subdivided 
and worked off similarly [157]. Such a surface is 
required in the soffits of stairs and for skew 
arches. 

Working Cylindrical Blocks. In 

working a plain cylinder, the block must 
fii-st be squared, the circle scribed on each end, 
and a series of points on the circumference 
found. The two diagonals may be drawn, 
and where they cut the inscribed circle four points 
are secured, and any number of intermediate 
points may be found. The cylinder may first 
be reduced to an octagon by setting out an 
octagon enclosing the circle and working off the 
angles, and straight drafts are then chiselled 
down the side from end to end of the stone [168]. 
If the column is diminished — i.e.y if one end is 
to be smaller than the other — it will be neces- 
sary only to inscribe the two circles of the 
correct sizes ; the diagonals, by their inter- 
section, fix the centre or axis of the column at 
each end, and will divide each circle into four 
exact quadrants, nnd care must be taken to sub- 
divide each of these into the same number of 
parts ; in other respects the work is carried 
out as for a simple cylinder. 

If the block is not only to be diminished but 
to have an entasis — that is, a slightly curved 
outline — it will be necessary, instead of using 
a straight edge for testing the working of these 
drafts, to have a profile cut to the exact curve 
required, which may bo applied in the same 
way as a straight edge. In the case of all (‘ircular 
xvork, whether plain, as above described, or 
moulded, as in the case of balusters, the stones 
where machinery is available may bo turned 
in a lathe. 

Cutting Voussoirs. In cutting the 
blocks or voussoirs to form an arch it is not 
necessary to reduce every stone to a square 
block as the first process ; but a long stone 
having first been squared, the shape of the 
blocks may be sot out on the face and back 
by using the face-mould and reversing it for 
every alternate stone, and cutting out the blocks 
with a saw ; sufficient room for the saw-cut must 
be left, and the sides of the voussoirs can be 
afterwards dressed with but little labour [159J. 
This method economises both stone and labour. 
So, also, two spandrel -shaped steps may be 
sawn out of a rectangular block of stone, pro- 
vided they are of uniform section throughout 
and are not required to hove a square seating 
for building into a stone wall. 


Continue 
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GROCERS 

We shall consider the business of a grocer 
who is also an Italian warehouseman. The 
Italian warehouseman, who at one time dealt in 
foreign fruits, lemons, oranges, olive oil, macaroni, 
and sardines, has become almost extinct as a 
separate tradesman, although here and there 
a department of this kind is carried on in 
conjunction with the trade of a general fniitorer. 
Practically, the trade is now merged in that of 
the grocer, who is also frequently a provision 
mer(mant, an oilman [see Oil and Colourmbn], 
and a wine and spirit merchant or bottled beer 
retailer under an off-licence ; in fact, many 
modem grocers adopt the “ sell-everything ’* 
principle which has proved so successful in the 
great stores. The theory is that customers 
who visit a shop to buy one article often buy 
others, and that it is wise, therefore, to leave 
them no excuse for seeking a rival trader’s 
establishment. 

How to Start. Many of the most 
successful grocery businesses have grown from 
very small beginnings. The grocery trade is 
one in which the personality and energv of the 
proprietor count for much, especially wliere the 
business is in its infancy. Also it goes without 
saying that the grocer beginning business 
should have a practical knowledge of his trade, 
although many a business has been started from 
the germ of a small general shop by persons 
whose only technical knowledge lay in acquaint- 
ance with a larger shop from which to buy “ to 
sell again.” "V^ere such ventures succeed, it 
is usually because they possess the essential 
justification of existence in meeting the wants 
of a neighbourhood not better supplied. Villages, 
new suburbs, districts of all kinds, as a rule, grow, 
and shops grow with them. Many grocery shops 
have been started by young managers who have 
obtained a knowledge of a locality, and perhaps 
espied a growing corner when in the employ 
of old-established firms. But nowadays grocers 
when engaging assistants generally protect 
themselves against this by ” restraint ” agree- 
ments, under which the assistant binds himself 
not to start in business within so many miles of 
a given town until the expiration of a term of 
years after leaving the employer’s service, under 
penalty of a named sum as liquidated damages. 

Capital. Thus the question of starting 
becomes largely one of the capital at command. 
If the would-be grocer has money enough, he may 
often find advertisements in the trade papers of 
businesses to be bought as going concerns — in 
which ease, goodwill, “ the benefit arising from 
conneotion and reputation,” may have to be pur- 
chased besides the fittings, stock, and book 
Bcoonnts. The saarvices of a trade valuer should 


be requisitioned in buying a business, and the 
‘ buyer should be on his guard .against being 
saddled with old stock, while he should also take 
care that debts and running accounts are made 
over to him in proper legal form lest ho should 
subsequently need to prove his title thereto. 
But if the beginner has no more capital than the 
£170 or £200 mentioned elsewhere as the indis- 
pensable minimum, he is hardly likely to 
purchase a business. What ho will probably 
do, either alone or in conjunction with a reliable 
friend of similar views, is to spy out the land 
until the suitable “ pitch ” for a new shop is 
found, then seek out the suitable shop, having 
regard most carefully to the length of his purse. 
He has to provide for (1) fitting the shop ; (2) 
stock and renewal of same as required ; (3) rent, 
rates, wages (if any), and working expenses ; 
(4) his own maintenance. 

Selection of Premises. In selecting 
remises for a shop, the first consideration will 
e, as a rule, the position, in view of the class of 
trade expected to be done. As the beginner’s 
purse is so limited, ho can hardly expect to 
obtain one of the coveted corner sites that are 
so valuable in all growing neighbourhoods for 
trades whore the window display counts ; but ho 
will at any rate look out for a shop that has a 
good window, or possibly two windows; that 
does not get too much sun, though not in tho 
shade ; that has not a front door likely to get 
all the dust of tho street ; that has a room at 
bock, or over, suitable for a stock-room, also a 
dry cellar if it be tho intention to keep pro- 
visions. Take care, further, that the drainage 
is satisfactory, and that there are no rats. The 
rent of a shop for a grocer beginning business on 
£200 or so of capital can hardly exceed £50, 
with safety, and probably £30 or £35 will bo 
tho better limit, though this depends largely on 
circumstances. 

Fittings and Fixtures. A good facia 
is always necessary for a grocer, and ” good ” 
does not mean one of the cheap and gaudy kind. 
Each window should be of plate glass in^ one piece 
where possible. “Fixtures ” in ashop are ordinarily 
those fastened to the ceiling, walls, doors, and 
floors, while “ utensils in trade ” are movables ; and 
it may be noted that fixtures and fittings which 
a tenant puts up in a shop for tho purposes of 
his trade remain his property, and can be taken 
away by him. Having decided what amount 
of his ready cash he can allot for fixtures, fittings, 
and utensils in trade, the shopkeeper will doubt- 
less call in the services of one of the regular shop- 
fitters to the trade. Unless second-hand counters 
and ” fittings” can be obtained, and boxes 
utilised for ekeing out shelves and drawers, it 
will hardly be possible to expend less than £50 
or £60 on fixtures and fittings, and very much 
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9 a«iJy tipent. Mubogaay or bay* 
wo^ is needed for the top of the »ocery, and 
white deal for that of the provision counter. 
Glass signs^^ bacon-rails, sunblinds, butter-stands, 
taa-ean&ters, a small coffee-mill, a currant 
cleauter, scales and weights, a truck, step ladder, 
vinegar measures, syrup-can — ^in such ways 
the money goes. Gas-fittings should bo very 
carefully placed to give the best possible 
light. 

A Model Grocer’4B Shop, The view 
given of an interior [1] fitted by Messrs. Maund, 
of 344, Old Street, London, E.C., suggests what 
oan be done. 

A brief description, with prices of fittings 
such as are shown, will assist the beginner to 
estimate the cost and will teach him how far 
his purse will stretch. The principal fixture 
is the wall fitting, which should not be less than 
10 ft. long, 9 ft 6 m. high to the top of the comice, 
and 18 in. deep at the bottom part. The lower 
part to a height of about 2 ft. should be provided 
with continuous ranges of open lockers about 
2 ft. long and in two heights. 

Above these in the shop shown are patent tea- 
bins with metal-lined receivers under which is 
an ingenious fitment whereby the tea stored in 
the bins— to the amount ot 60 to 80 Ib. — 
flows automatically into the receivers beneath. 
The latter have lids for easy access when serving. 
This ensures that the bulk of the tea is kept 
from the air, and another important point is 
tliat the dust is sold together with the tea 
instead of accumulating in the last few pounds 
removed. 

The fronts of the bins are decorated in gold and 
colours, a useful medium for advertisement, 
and, being at the eye level, are always prominent. 
An alternative design has mirror panel doors 
in front of the bins, which are decorated on the 
book of the glass. Between the bins are nests of 
spice drawers with glass fronts, having about J in. 
space at the back of the glass in which samples of 
the goods in the drawers are shown. Along 
the tops of all is a shelf for tea canisters, and 
above this a shelf for seed -tins. These, of course,. 


front 

should be frimiM of soM mkkogan;^ jPstilwd 

with veneered birdseye maple, the 

being of boleotion or raised i^ttem. % ^ 

The fronts may be upright or slight^ 

The interior of the counts shomd Bh'fee. two 
rows of drawers for fruit and sugar, the 
about 15 in. long and the bottom row about in. 

long, with skirting underneath, which should 
bo recessed about 2 in. so that it is not ip the 
way of the assistants’ toes. On the top of the 
drawers should be rows of spaces for wrapping 
paper. A neat addition to this counter is a few 
display shelves of glass, 15 in. by 18 in., mounted 
^ on brass pillars about 30 in. high rising from the 
back of a small bent-fronted glass case about 
18 in. long and 8 in. high with a door at the back. 
If these are placed on the counter about 3 ft. 
apart, the spaces between suit as serving places 
for assistants. 

The wall fitting described is worth, per foot 
run. 65s. to 68s., or, with canisters, 70s. to 73s. 
The counter costs per foot run, without show 
coses desoribed, 208 to 22s. 

The price of tea canisters to hold 14 lb. each 
is 7s.. or included in the cost of the fitting, would 
make the latter 70s. to 73s per foot run. 

Other Fittings and Appliances, The 
grocer beginning with £200 cannot afford first- 
class fittings, but he will usually find it better to 
avail himself of trained and expert ad vice than to 
trust to his own ingenuity and the skill of the 
local carpenter. A common practice fs to divide 
the shop into two departments — a grocery side 
and a provision side, each with its own window 
and separate counter and fittings ; while in the 
centre of the shop may be placed show frames for 
green fruit, lemons, bananas, oranges, tinned 
goods, etc., and at the roar end a special fitting for 
such things as brushes, etc. A coffee roaster is 
a useful and necessary piece of macliinery. Tea 
mills and mixers are not needed unless the grocer 
blend his own teas — a practice which has been 
dropped by many. Proper tea-bins are needed, 
however, as tea deteriorates unless the air be 
, excluded from it. Warehouse bins, with rounded 


can be used for packed or other goods at pleasure. 
All the fitting is faced on front with polished 
mahogany to ensure long wear. 

In the centre of the upper part of the fitting 
is a plate glass and mahogany case for scents, 
patent medicines, or delicate goods requiring 
care to prevent depreciation by dust and air. 
The whole fitting is mounted with an artistically 
moulded cornice faced with polished mahogany 
and birdseye maple. 

The ornamental pediment over the case is to 
match the cornice, and, if desired, an eight-day 
clock can be fitted in the centre. If the ceiling 
Is not at least 15 in. above the top of the cornice, 
it is sometimes advisable to dispense with tins 
pediment and to fit the comice at the level of the 


The counter should be as long as the site 
permits, and should never be less than 24 in. 

than $ It. hijjh. The top 


bottoms, are now commonly made of galvanised 
steel. When the grocer possesses suitable 
machinery for the purpose, it is often found an 
attraction to roast and grind coffee in the window. 

In the same way a bacon-slicing machine, 
which is capable of cutting remar^bly thin 
slices, is often a great “ draw.” Window- 
dressing is itself something of a fine art, and 
one that is well recognised as influencing trade 
and gaining customers. Ingenuity and an eye 
for colour and general effect are the personal 
qualities necessary ; the other factors are a 
suitable window (as to which the shopfittem 
are the best guides) and suitable stock. 
looking tickets, and not too many, diould be 
used. A good plan is to make special displays of 
seasonable goods — c.g., a window of house- 
ole^ing materials and para]^ematia w^en the 
spring cleaning Is et hand — and to change tttefn 
fi^u^tly. Stevteg ilguree are Often ^ 
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models affected by some dressers is not advisable 
for the grocer. 

Plan of Business and StocK. This 
■will depend naturally on the needs of the neigh- 
bourhood for which the grocer intends to eater, 
and the extent of his moans for so doing. If 
there be a wholesale house in liis neighbourhood 
it will be an advantage, since provisions and 
other goods lose weight rapidly by evaporation 
when kept in a shop, and this loss in shrinkage 
may be minimised by keeping stocks as short 
as possible. Moreover, the fresher goods are the 
better. It should bo possible to buy provisions 
so that the capital invested in stock shall be 
turned over 52 times a year, and to buy groceiies 
80 that the capita^ shall be turned over eight 
times or more in a year. With regard to such 
staples as tea and coffee, it is necessary to take 
especial care to buy in the right quarter. Nowa- 
days, comparatively few grocers in a small 
way buy “ originals teas as originally packed 
at the tea gardens ; nor do they carry out their 
own milling, mixing, and blending. They 
buy ready blended teas from a house on whicn 
they can rely ; and there is the extra advantage 
in this, that the blend which customers are 
found to like can be more readily oontinued 
without noticeable change, althou^, of course, 
the ingredients are constantly vamng as supplies 
of particular leaf give out or the character of 
a new crop changes. Avoid packet teas, 


and study the water of your locality. Coffee 
should also be a strong j>oint ; like tea, it is 
one of the things by which customers judge 
their grocer, and which they criticise among 
themselves, either to his disadvantage or his 
good reputation. If possible, the grocer 
should always roast his own coffee, roasting, 
if a proper machine be used, being quite a 
simple jiroccsB, though demanding skill and care, 
'%nd when properly performed lieing a good 
advertisement, since it gives his coffee the 
absolute freshness which is so much appreciated. 
It is by no means necessary to buy «n expensive 
and elaborate roaster ; the best in practical use 
are also the simplest. In addition, a good mill 
should be employed for grinding the coffee. 
Of sugar, butter, bacon, and cheeso a ten days* 
supply will usually suffice ; of any other goods a 
montns sales, at most, will suihte. In first 
stocking, make out a careful list of stock required 
and get two or three good wholesale houses 
to quote for cash. On every invoice insist 
upon a guarantee of purity, such as “All goods 
named on this invoice arc guaranteed genuine,’* 
and this must be cither signed or initialled in 
handwriting, care being ^Iso taken that the 
goods are really named, not simply “ black ” 
for “ black pepper,” and so on. 

Terms and Discounts. The retailer 
should always make a point of getting the 
utmost discount his means allow. Best possible 
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^ teimA ate obtaindd^ of coure^ by fbofie who Imy 
for oiish and in large ''quantities. So that it in 
aometimes possible for men in a small wajr to 
«et level with their bigger competitors by com- 
binin^ their orders for certain feoods, and com- 
bination buying,” especially for certain well- 
known proprietary goods which everybody 
stocks^ is coming more and more into vogue, 
often through the medium of the grocers’ 
asaoeiations which now exist in so many towns 
and country districts. Certain goods also are 
bought subject to 8i)ecial terms and conditions. 
These particulars are too long to be quoted here ; 
thqfShopkeeper can hardly carry on his business 
inl^gently without inforihing himself of such 
lua^tors by buying and studying the detailed 
year*books or diaries issued by the trade papers 
— for instance, “The Grocer” Diary, published 
annually. 

StocKkeeping. Another detail, which 
is,»< nevertheless, of great importance, is the 
keeping of stock and its allocation in shop, cellar, 
warehouse, or all of these The details will 
depend on the accommodation available — the 
shopfitters will usually be able to give good 
advice — and a variety of hints on tlie treatment 
of the multifarious goods a grocer handles will 
he found in “Tlie Practical Grocer,” a four- 
vojumo guide to the trade and allied branches, 
published by the Gresham Publishing Company. 
Briefly, the cellar is best for stores of provisions, 
wines, or goods that require a cool and even 
temperature. The warehouse with a back 
entrance should have bins for sugar, etc., 
shelves for sauces, jam^, pickles, unused paper 
bags, twine, and so on. Note the condition of 
wems and the relative dryness and heat of dif- 
ferent positions in warehouse or shop. If a wall 
be damp, the shelves upon it are unsuited for 
cornflour, cocoa, or jam, but may servo for 
canned goods and mineral waters. Hot shelves 
fl^ar the ceiling are not suited for candles and 
ni|(htlight'4. It is particularly necessary that 
such scented articles as soap or onions should 
be kept away from goods that readily absorb 
odours, such as tea, butter, cornflour, baking- 
powder, and flour. Drawers are convenient for 
rice, sago, sugar, spices, etc., and should be 
filled up every morning from the warehouse. 
Have a place for everything, and keep everything 
ifl its place. Weigh, count, measure, or gauge, 
as required, everything that is bought; neglect 
of this elementary rule is a fruitful source of 
loss. Either the grocer himself or a competent 
deputy should receive and check all goods as 
they come in, noting and reporting all damaged 
or laulty goods, or inaccuracies of account 
or oarriers’ charges, and so on. A “buying 
book ” should record all goods purchased, 
with price terms and other remarks, and the 
stock should be inspected every day l^t wants 
)axay be noted and older goods, pu^ed forward 
before newer. For heavier goo^, such as tea, 
stigar, xibe, cheese, a stock book, or warehouse 
bc^ it useful shoM Weekly the aniount 
^ cl Kliockf or sqid, and sto^ ak 
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A ** wflints ^ bock mr slate Is „ 
fairly large shop the “grocery be 

usefully divided into oompartnients*«Hi^^ (ly 
biscuits, jams, canned fruits, patent medicfiies; 
{2) cocoas, chocolates, teas, patent foods, ext^ts 
of meat, bottled fruits ; (3) toilet soaps, pcff* 
fumes, candles, boot and furniture creams, 
polishes, and so on. 

Account Booka. Where a business at- 
tains respectable dimensions the proper double* 
entry system of bookkeeping is always best. But 
it is certain that very many smaller businesses 
arc successfully conducted without it. A set 
of books which some grocers find suits their 
needs consists of (1) journal, or day book; (2) 
petty sales lodger ; (3) sales ledger ; (4) purchase 
book ; (5) bought, or merchants’ ledger ; (0) 
cash book ; (7) detailed cash and credit book ; 
(8) petty cash book ; (9) private ledger. In 
very many businesses conducted on a cash basis, 
and in some where credit is given, it is found 
a great saving of time and labour to use “ dupli- 
cate ” or “ triplicate ” books, so that the fosfc 
writing of the order provides the necessary 
. record and chox'k slip. There are also several 
useful “ systems ” for saving unnecessary 
repetition and labour in the proprietor’s ovm 
particular accounts. 

Rates of Profit Necessary. In a 

brisk cash business on a limited number of 
articles 12^ per cent, gross profit may prove 
sufficient, while in a credit business, where orde^ 
have to be solicited, goods delivered by horse 
and cart, and periodical accounts rendered, 20 
per cent, may be too little. The “ Practical 
Grocer ” quotes as results obtained from certain 
actual experience : Wages, 3J per cent. ; rates, 
taxes, licences, and insurances, 1 per cent. ; 
lighting, heating, and general repairs, | per cent, 
paper, twine, pins, etc., 1 pef cent. ; incidental 
expenses and depreciation, 1 per cent ; delivery 
of goods, hiring, etc., 1 per cent. ; total, per 
cent. But horse-and-cart work alone may ac- 
count for as much as 4 or 5 per cent, in some 
businesses. Beckoning rent in addition to tlie 
above, and allowing for breakages, spoilt stock, 
bad debts, etc., interest on capital, and 0 per 
cent, as a reasonable net profit, it is calculated 
that from 15 to 17J per cent, gross profit is 
needed, and this should be reckoned not on 
cost, but returns. The grocers’ assooiations 
commonly advise that even proprietary articles, 
which are sold in packets and simply handed 
over the counter as supplied, should show a 
profit of 15 ^r cent, for safe trying. In a larm 
grocer’s business tlie percentages of gross profit 
will probably be as follows : Tea, 16 oeni, 
stock turned over eight times in a year ; cofiee 
and cocoa, 21 per cent., twice to three times ; 
sugar, 2} per cent., ten to twelve tunes ; biscuits^ 
11 per cent, seven times ; Jam, 15 pet eent* 
twice; dried and tinned frmt, 15 per ce!|it^ 
three times ; green fruit, 14 per eenk^ wee]^> 
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AMil«tant«. The number of aseistants 
▼aries greatly, of course, according to the nature 
and requirements of the business. A sniall 
pocery shop may be run by the proprietor 
himseu urith the aid of a single assistant and a 
boy. ^ In a typical London shop there may be, 
say, five grocery and two provision assistants, 
a clerk or bookkeeper, cellarman, vanman, 
and porter. In a typical good class grocery 
and provision shop in the country there may 
be a “first hand,^* or “manager,” two other 
assistants— one of whom is a “provision” 
hand — an apprentice, a porter, and a couple 
of errand boys. “ Living in ” is becoming less 
and less common. Wnere the men live out 
an hour for dinner and half an hour for tea is 
usually allowed. Managers give or receive a 
month’s notice ; other assistants commonly a 
week. In many shops rules are enforced, each 
assistant being obliged to hold a copy and to 
give his written assent to them. Fines ore 
only deducted legally when the assistants 
have thus assented. A grocer’s assistant is 
not a “ workman ” within the meaning of the 
Employers and Workmen Act, but comes under 
the Truck Act. 

Side Lines. Provisions are most commonly 
sold in the same shop with groceries. They are 
discussed in a separate article in this course. 
Other side lines and allied trades or branches 
of the trade are, as indicated above, very 
multifarious. Oils, fermented liquors (witn 
licence or licences), tobacco (with licence), 
china and earthenware, patent medicines (with 
licence), and green fruit may be mentioned. 
For hawking any groceries that are not victuals 
a hawker’s licence is needed. 

Cash and Credit. Many grocery busi- 
nesses are now conducted on strict cash lines ; 
but mixed cash and credit is very common. 
In a “family” business, in which profits are com- 
monly good, it is often next to impossible to 
insist upon cash, and a credit trade, conducted 
with caution and due inquiry, is found steady 
and lucrative. It is wise to be on one’s guard 
against the prevalence of fine furniture supplied 
to needy debtors on the hire system. 

Laws and General Policy. The 
Food and Drugs Acts, Margarine Act, and 
Merchandise Marks Acts, which are more fully 
dealt with in the article “Provision Trade 
[g.v.,] are mainly those which apply to the grocer’s 
business. As regards his shop, ho has to pay 
attention, as a matter of course, to the laws on 
shop hours, seats for assistants (females), 
children, sale of goods, weights and measures, 
and so on. A special point is that of weighing 
paper with goods, which so far seems to be 
allowable when the goods are such as are com- 
monly sold wrapped in paper, provided that the 
paper is of reasonable weight and thickness ; 
h is not permissible to sell a great quantity of 
tea-lead at the price of tea. Under the Food 
and Drugs Acts goods that are mixed, such as 
coffee and chicory, may be sold provided there 
is a declaration to the purchaser, which may 
be by means of a printed statement on ike 
wrapper. But the added artiole must not be such 


as increases the bulk fraudulently. In the case of 
coffee, it would cease to be even conventionally 
called “coffee” if more than 60 per cent, 
were chicory ; it would then become chicory 
to which coffee* was added, rather than vice 
verB&, and should bo labelled “chicory with 
coffee.” But the whole of the Food and Drugs 
Acts should be carefully studied by every grocer. 
In his general policy his whole aim should be 
to give his customers intelligent, honest, civil, 
and efficient service ; he should try to make 
his own personality so acceptable and useful 
to them as to outweigh the advantages he cannot 
command, since at large stores the lower working 
expenses and the ability to buy better are 
sometimes counterbalanced by the necessity of 
employing none but paid assistants, who have 
not the proprietor’s keen personal interest in 
their work. A well-trained, well-informed, 
intelligent, and energetic grocer working his own 
shop at a reasonable rate of profit can usually 
do something more than hold his own, no matter 
what the competition. 

Trade Instruction. An excellent course 
of technical instruction for those engaged in 
the grocery and provision trade is given at 
the Borough Polytechnic Institute, London, and 
should be taken ^vantage of by every ambitious 
grocer who can make it convenient. The course 
consists of over 20 lectures, beginning in the 
month of October, and the cost of attending the 
lectures is 78. 6d. The scope of the instruction 
will be best indicated by giving a synopsis 
of the subjects : 

OROOBBIKS 

Tica, CorrjsB, and Cdooa. Countrios of origin 
and kinds, preparation, sViipnient, market and prices, 
blending and pr^aration for sale at liomo, rt^iation 
to waters of different districts, judi^ing of quality 
and value, practical tests for purity, etc. Special 
attention to the detection of adulterants. 

Sugars, Cckkals (rice, tapioca, sago, flour, and 
various meals). Dried Fruits. 

PROVISIONS 

Bacon, Hams, and CHEuiif. Various cuts, 
character of the supf)]ies from different countries, 
processes of preparation for market and their com- 
parative effect on the value rf the product, method 
of handling so os to show a profitable result. 

Bu’I’tkr, Margarine, and Butter Substitutes. 
The chemistry and natural history of butter ; judging 
its value, keeping qualities and specially its purity, 
freedom from oxcchh of moisture, artificial colouring, 
and preservative and adulteration. 

TBADB LAWS 

General. Landlord and tenant, method of 
holding property, taxation and rating — the Income 
Tax, duties and lioenccH, master and servant agroe- 
merits, recovery of debt, bankruptcy, etc. 

SHOP MANAGEMENT AND ROUTINE 

Special. The Food and Drugs Act, the Mar- 
garine Acts, the Shop Hours Acts, etc. 

Buying and stockkeeping, window dressing, 
staff management. 

The lecturers are successful practical exports 
in the subjects which they teach, and no grocer 
can attend the classes without learning much 
regarding the science of his trade. 

The Licensed Grocer* Many grocers 
are also wine and spirit merchants, or sell beer 
for consumption off the premises. So far as 
England is concerned this branch of the trade 
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was ^eatly developed as the result of Mr. 
Gladstone's action in 1860, when he reduced 
the duty on the light French wines, and created 
a new licence to enable those' wines to bo dis- 
tributed by the grocer rather ifian by the older 
branch of the licensed trade. The capital 
required for such a branch of the grocery business, 
or even for an off-licensed business as a sole 
trade, is not very large ; and the facilitic^s 
offered by the large wholesale h'rms enable it 
to be prosecuted without any difficulty. Some 
of these firms will not only supply the liquor in 
bottles ready for sending out, but also procure 
the licences necessary. It is this simpler branch 
of the licensed trade with which we are here 
chiefly concerned. To conduct a business in 
which wines or spirits are bought in the wood 
and bottled by the merchant himself requires 
not only capital but very considerable experience 
and training. Tt should be noted that in the 
licensed trade each part of the United Kingdom 
has its own special laws and licence regulations — 
and those laws are not only numerous but in 
many pointiS involved and intricate. 

Licence Needed. No person can carry 
on a business in intoxioating liquors without 
(a) a licence from the magistrates ; (6) a licence 
from the Excise and Inland Hevcmue authorities. 
The magistrates’ licence is granted at a special 
S(^ssion held in Febniary each year. J^efore 
appearing to apply for it the applicant has to 
give and to publish various notices. He has 
to give notice to the overseers of the parish 
where his sho]) is situated, and to the Superin- 
tendent of Police ; and to exhibit a notice on 
the door of the premises, on th<‘. church door or 
some conspicuous place if there be no church, 
and also in a local newspaper. If the magistrates 
grant the licence it has to be confirmed at another 
meeting of the justices, and in granting* or 
refusing it the justices have absolute discretion, 
while the applicant- must not only prove the 
publication of his notices in due form and at 
the proper time and place, but must produce 
evidence that he is a person of good character ; 
and in view of the probability of opposition, he 
also, a.s a rule, detuns it prudent to jjroduce a 
memorial or petition to the effect that the 
lict3nco for his shop is desired in the neighbour- 
hood. Having run this gauntlet and obtained 
the magistrates’ permission to hold his licence 
or licences, ho has to apply to the Inland Revenue 
Commissioners for the licences sanctioned. A 
grocer may obtain licences, all or any, for (I) 
the sale of beer and porter for consumption off 
the premises ; (2) the sale of wine off the premises ; 
(S) the sale of spirits off the promises. In 11)06 
the Excise Duty (annual) for the off beer licence 
was £I 5s. ; the off wine licence £2 lOs. ; and 
for the off spirit licence an amount ad valorem, 
according to the value of the premises. This 
latter licence permits the licensee to hold off 
beer and wine licom^es without further payment 
of duty. 

Regulation of Premises. The grocer 
holding any of these, iioenoes is bound to 
obey Uie provisions of the Licensing Acts so 
far as apply to hia particular case. He 


has to be very careful, of course, as to the 
hours in which his premises are open for the 
sale of intoxicating liquor. In a town he must 
close at II p.m. and not open before 6 a.m. ; in a 
village he must close at 10 p.m. On Christmas 
Day and Good Friday also his premises must 
1x3 closed ; and on Sundays there are special 
hours only on which they can bo opened. If 
a grocer wishes to keep open his shop for the sale 
of groceries after the hour at which tho law 
obliges him to close the sale of liquors, he is 
obliged to cover up tho liquors in some way 
so that they are not exposed for sale," as 
cither exposing or selling them would cause 
him to incur serious penalties and risk the loss 
of his licence altogether. It is also very 
necessary to take care as to tho quantity of 
liquors sold, this being a point minutely specified 
according to tho licence held ; and again as 
to the non-consumption on the premkes ; 
while if there be branches, tho grocer hiaPto 
take care that the orders are not accepted 
there (if they be not specially licensed), but 
merely forwarded to bis licensed shop to be 
aeiceptod or rejected thei'o and the liquor 
appropriated there to th(3 customer according 
to the order. Detailed instructions as to how 
to apply for and obtain the licences, and tho 
law as to tho points to be observed by licensees, 
such as are referred to above, are given in such 
trade annuals as “ Tho Grocer ’* Diary. 

Shop and Window. In tho shop tho 
fittings for an off-licence business need not bo 
expensive — a few racks and shelves for bottles 
and a window or part of one. A few att ractive 
shop and window bottle display stand' are shown 
in tho accompanying illu tration [2J. The bottles 
should bo displayed neatly ancl attractively 
and showcards kept in evidence. If there is 
a cellar the greater part of the stock should be 
kept there ; if not it has to be provided for in 
the shop as best may be. In that case bottles 
of wine should bo stored as near to tho floor as 
possible, to avoid unevenness of temperatures; 
ami the bottles should alwavs be placed on their 
sides and not standing up, as the corks of bottles 
of wines that stand up become dry speedily and 
the wine at once deteriorates. For this reason 
only empty bottles of wines and “ dummies ” 
should be used for a window display, the wine 
itself never being placed in tho window. With 
regard to bottles of spirits, these ean be used for 
the window or 8hoi> at will, and are better 
standing up than lying on their sides. Bottled 
ales and beer should also bo kept upright. In 
passing, we may note that the legal term is 
“ beer,” which includes ale, i>orter, stout, 
spruce IxHir, black beer, or any other description 
of beer which contains a greater proportion than 
two per cent, of proof spirit. Even herb beer, 
ginger beer, hop ale, etc., are deemed to be 
beer, and come under the licensing laws if on 
analysis they are found to contain more than 
that amount of alcohol ; so that small shop- 
keepers are sometimes fined for dealing in 
such ** intoxicating liquQr^.*’ 

Cellar Storage. ^ Tfie cellar should be 
hrioked round, with concrete floor, cool and 



*K\ 




well ventilated so that the air shall be pure* 
but free from draughts. It should be kept 
Dlean and sweet by giving walls and coiling a 
good coat of limewash at least once a year, 
and having the floor swept and sawdusted 
nightly. A little chloride of lime mixed with the 
sawdust is desirable in summer. In a cellar 
the great desideratum is an even temi)erature. 
Beers keep best at a fairly low tcmixsraturo ; 
about 65'’ to 60° F. is found suitable for cask 
and bottle alike. Port wine does best at about 
58® to 60° P. ; lighter wines at a rather lower 
temperature. For stands and bins iron is best. 
Casks should be placed horizontally, a few 
inches above the ground, on what are called 
gauntrys, which are best made of solid 
concrete or framed double battens. 

Those gauntrys with legs are not de- 
sirable, as the cask should be iis 
rigid as possible. When sawdust 
is put down in the cellar see 
that it is not allowed to become 
damp and to stay in that 
condition. 

Treatment of Beer. 

When a cask of beer is received 
it should be placed on the 
gauntry in a position with just 
sufficient cant to allow all the 
hops to settle in the bulge of 
the cask and to allow the Ixicr 
to be drawn off clear by the 
tapholc. Then, vdth a 
largo gimlet bore a hole in 
the highest part of the 
cask just behind the bung 
and in a line with it. In 
this place a vent-peg or 
“ spile.” This pt^g should 
be eased out carefully each 
day to allow the gas gen- 
erated in the cask to 
escape, and then replaced ; 
but care should be taken 
not to leave it out so long 
as to let the beer get flat. 

Beer brewed in March or 
October usually improves 
in quality, and keeps better 
after bottling if allowed to 
rest at least six weeks on 
the gauntry before bot- 
tling. Summer-brewed beer should bo bottled 
off as soon as the beer becomes bright, which 
is in ten or fourteen days. 

Treatment of Spirits. Brandy, 
rum, and whisky are not allowed to be sold 
(except as “ diluted spirits ”) at a strength Iq^er 
than 26 under proof — t.e., they must contain 
75 jjer cent, of proof spirit. Gin may bo sold 
as low as 35 under proof, though a good gin 
should be 20 under proof. (“ Proof ” means 
the strength of spirit as ascertained by Sykes’s 
hydrometer ; and by weight “ proof consists 
of 49 '24 parts of alcohol and 50*76 parts of 
water.) In cask, spirits are often sent out 
considerably stronger than the above figures 
indicate and may, therefore, be “ reduced ” by 


the retailer, who adds to them water os required, 
taking care that he does not bring the strength 
i)e)ow the legal limit. Tables for “ reducing ” 
will be found in such trade handbooks as 
the “ Wine Trade Review ” Whisky Guide. 

Treatment of Wines. Wines in the wood 
require very careful treatment, being very sensitive 
to any change of temperature. The cask should 
be placed on the gauntry os nearly horizontal as 
possible, in order that the “lees” may collect in 
the centre of the cask. The “lees” is the solid 
matter which is held in su8|)ension, and by de- 
positing which the wine clears itself. Sharp changes 
of temp€>rature disturb the wine and cause the lees 
to rise again. For tliis reason, to prevent the lees 
mixing again with the cleared liquor, the pro- 
cess of “racking” is resorted to — that is, 
the clear wine is drawri off and trans- 
ferred to a clean (jask. When this 
fails to clear wines they may have 
to bo filtcwd and “fined,” by 
the use of isinglass or white of 
egg, ote., as to which directions 
arc given in various trade hand- 
books. 

Profits of Licensed 
Branch. It goes. without say- 
ing that in the licensed branch 
of the grocery trade, as in any 
other, profits run according to 
the amount of skiH the shop- 
keeper is called upon to exercise 
in handling his goods. 
As indicated above, 
the business can bo 
eondui^ted in differ- 
ent ways : (a), as an 
agent, with a mini- 
mum of trouble ; (6), 
buying goods in bulk 
and retailing one’s 
own brands ; (c), as 
a full- blown wine and 
spirit and bottled 
beer merchant, kecip- 
ing a fully- stock^ 
cellar and handling 
a largti stock both 
wholesale and retail. 
The profits will 
naturally be in 
proportion — small 
for («). whc*r(3 little lisk is taken and small 
skill required ; larger for (6), in which both ele- 
ments are increased ; largest for (c), where the 
greatest expert knowledge and highly trained 
skill arc required and brought into play. In 
the space at command w(^ can hardly pretend 
to teach the whole art and mystery of judging 
vintages, blending spirits, and so on. But it 
may bo useful to note that even (b) as a mode of 
conducting the licensed trade shows substantially 
better results than (a), the simplest form of that 
trade. Thus, the bottling of wines may show 25 
or 30 per cent, profit on returns, instead of less 
than half that percentage. To brew be(3r for sale, 
we may note, a special licence is required, and 
duty has to be paid upon the beer itself. 
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HEALTH 

HEALTH AS CAPITAL 

3 

Nature and Production of Vital Force. Causes of its Variation itt, ^ 

CiitiiliuiH'1 fniTu 
page Wi7 

Amount. Preservation and Expenditure of Our Strength. Health Paupers 


By Dr. A. T. SCHOFIELD 


IT ift necessary to inflict one more financial 
* chapter on the render in order to bring homo 
to him the leal analogy there is bet\\<*en health 
and wealtli. There h indeed amongst a vast 
number of the population more than an analogy, 
there is an actual substitution of the one for iho 
other, for there are numbers of working men, 
who form the very haekhone of their country, 
whoso onhf wealth is tlioir health, and who 
can, th^efore, so well understand the terms 
here used, seeing that their daily vital force is 
their sole income, their lescrve of health their 
solo capital. How important, therefore, it is 
that the working man should understand how 
to take care of the ones and to rightly spend 
the other. Though a sound practical knowledge 
of personal hygiene is essential to all, it is 
of far the most vahu* to those who know no 
oUier wealth than health, and to whom its loss 
is nothing less than a calamity, and spells 
bankruptcy in ('very sense" of the word. We 
have spoken already in general terms of health 
finance ; wo will now consider the (juestion of 
capital awl income. 

Capital, (‘apital is the reserve force that 
constitutes sound health. A hand-to-mouth 
existence without capital is not consistent with 
a healthy life. A person \\ho leads such a life 
is absolutely dependent fiom hour to hour on 
tho food bo takes, without which he w'ould 
utterly collapse, 'fliis is not health ; for while 
a strong man reiiuires food, he is not dejx'ndent 
upon it in the same nay at all. Tlie author had 
Ix'fore him, for instanet*, the other day, a brisk, 
energetic man, over 5 ft. 9 in , and weighing 
under S st. He eanie to consult about some 
special symptoms of m^rve trouble, but otherwise 
was in what he called “ good health.” Here, 
then, was a man with no capital, dependent 
from hcuid to mouth on his food force — one 
walking gaily along tin* edge of the precipice, 
who might walk there sabdy for some time, but 
who, on the other hand, might mil, for the smallest 
push from any suddi'u disease would assuredly 
send him over. There are many such, making 
a brave show with practically no capital. On 
this reserve force or capital, then, depends tho 
duration of our happini'ss and health. 

Life Force. The next jKiint is to under- 
stand a little more about our life reserve force. 
As regards length of life, this depends, as we 
have seen, upon heredity, and can be roughly 
calculated, hut the amount of life force depends 
upon oni'selves. 

The iieriod of grow th is the real time when it is 
being stoi'ed. for although force at this period is 
largely spent in b.iilding ip the body, it is pro- 
duced so rapidly that capital is quickly aooumu- 
lated. During adult Ufe it can also be stored 
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more slowly until forty-five or fifty ; but trom 
that time it is spent a little faster Uian it is made, 
and is gradually used up in old ago as income, 
until when a person dies a natural death hardly a 
(health) shilling should bo left in the hank. Those 
who die prematurely die with much unspent 
capital, which is wholly wasted. Of course, the 
need for storing up capital in youth shows as 
nothing else does the importance of avoiding a 
drain on our resources at this time by youthful 
excesses ; for there is no doubt whatever that 
a fast life is a short life and an unhealthy on , 
and not only can the store we aeeumulato thus 
1x5 quickly dissipated, but the life itself ends in 
a premature bankniiitcy. Our stock of vitality 
in relation to lengtri of life is strictly limited, 
and though we may sliglitly prolong it by care, 
we can much more easily shorti'ii it by excess. 

Although w'c have given a table to calculate 
roughly theda/a^wmof life force, we know no way 
of computing its uolume or aniount during life. 
We can, of eoursi", tell practically when it is 
running short, because our cheques are not 
honoured, but returned marked “ No assets.” 
In otlier woids, we an* easily tired in body and 
mind, and cannot recup(*rate as we should do 

The Body’s Many Systems. Let us 
now touch on another point concerning capital, 
and for this we must cease to regard our 
personality as one, and look at oarsolvtvs as a co n- 
niunity of seven or ciglit sy.st(‘ms — tin* nervous, 
locomotor, digestive, ein-ulatory, seer(*tory, re- 
spiratoiy, rejiroduetive, etc , each with its own 
banking account and its own separate capital, 
which, moreover, cannot he transferred, save quite 
exceptionally, from one account to another. 

Tlius, if a man has spent all his respiratory 
force, he really cannot make it up from any other 
system. If his nerve capital has nm out, it is 
little consolation that his locomotor account 
shows a strong credit balance. He cannot 
transfer his reserve of respiratory food to an 
exhausted digestion, nor can the bankruptcy 
of a worn-out heart ho averted because tke 
secretory system is solvent. 

The total health of the individual is, of course, 
made up of the reserve capital of the different 
systems ; but tho bankruptcy of an important 
system may mean the death of the man ; or, if 
tne ruin is only partial, his ill-health at least. 

Reserve of Nerve Force. We shall 
point out tile different values of the various 
capital funds, and, above all, the pre-eminent 
importance of nerve reserves. Health, and even 
strength of body, are really valueless if there 
be no nerve force to spend it ; and while, on 
the one hand, we must fail if our heart capital 
be all spent, we can often live a long time 
if the nerve system be solvent, though many 
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be well-nigh bankrupt. Of course, 
Capital has a different importance at different 
times. The reserves in the vaults of the Bank 
of England might almost as well not be there in 
specie for perhaps fifty-one weeks of tlie year ; 
it is on the fifty-second, when the run on the 
bank comes, that they have all their value. 

Inroads of Disease. And so it is with 
multitudes around us. Numbers are what Sir 
B. Ward Richardson used to call the nutrituru 
or those liable at any time to death, simply 
because theirs is a hand-to-mouth existence. 
We have given an example of such an one. 
Others are doing very well, because the times 
are quiet and healthy ; but let a sudden run 
on the bank come in the shape of strain or 
shock, and the bank breaks at once ; whereas, 
on the other hand, if the reserves arc strong, 
the drain of minor diseases is hardly felt at all, 
or they iJass us by as too strong oven to bo 
attacked. Banknote*s owe all their value to 
the solid reserve of specie in the vaults, and are 
worthless without it ; and that health which 
does not rest on a solid reserve of force in each 
of the various systems of the body is only like 
BO much paper currency. 

One last thought before we leave this gtmoral 
survey of capital. It is of the utmost importance 
in any run on the hank, in sickness of any sort, 
not only that it should be promptly nujt, but 
that the excess of capital paid out should, as 
soon as possible, bo replaced ; in short, that 
the man should not be content with tlio sickness 
being stopped ; he must have his full health and 
8tP(‘ngth restored. Hence the aapreme imjxyrtance 
of a thorough convalescence. 

There are in health, as in wealth, three classcft 
of people — those who live beyond their income, 
those who live up to it^ and those who do not 
spend it. Before considering these classes, let 
us look for a moment at what in life represents 
income, as oppo.sc(l te capital. 

The Daily Amount of Our Strength. 
The average amount of food consumed by the 
average man at average^ work produces in or 
about 3,400 foot-tons of force daily. (A foot- 
ton is a ton raised 1 ft. high.) Ilicre is no 
mioxi here for any greater accuracy, for what we 
want to miderstand is the principic on which we 
live, and not the (;xact details in figures. 

Now, what is meant by the above ? Let us 
briefly explain. To lift a ton, or 2,240 lb., 
1 Jt. off the ground requires a considerable 
amount of force. The combustion of food daily, 
combined with the oxygen we inhale, sets free 
from the service of the body daily 3,400 of 
such foot-tons. This force may be used as 
motion, heat, or in other ways. As a matter 
of fact, it is found that about nine-tenths of it 
is used unconsciously for the warming of the 
body, and for the maintenance of life, making 
good the wear and tear of the body, and manu- 
facturing the various complicated products 
necessary for its existence, as, for example, a 
gallon of gastric juice and a quart of saliva daily. 

This leaves us some 300 foot-tons of force 
still available for use consciously in any way 
that the will of the person pleases— in moving 


the body about, including the tongue, as much or 
as little as we please ; also in thoughts and emo- 
tions, which arc expensive — in short, in living. 

Economical Expenditure of Force. 

So that it appears that an average man in 
perfect health- has a largo income, of which, 
nowever, ho can consciously cont rol the expendi- 
turti of only about one-tetUh part. 

Considering this world for a moment as our 
school, w'o may say that an all-wise (’ri'ator puts 
into the hands of His creatures fooi-lons of 
force each morning as pocket-money — Ho meets 
all the school bills with the rest — and tlie way 
wo spend it, wisely or foolishly, or hoard it, do 
gootl or evil with it, displays our character. 

The income, then, of whi(jh wc principally 
speak hero is that titlu) that is at our own 
disposal, and, as we liave said, we may exceed it, 
live up to it, or live below it. 

Those who exceed it arc in danger, because 
to exceed income means to trench on capital — 
for in life then^ is no credit given, no getting into 
debt with others. Wo must/ pay our way, and 
if we get into debt, it can only be with ouiselves 
by spending our principal, Avhieh is the way that 
loads to ill-health and deatli or bankruptcy. 

Those who live up to theii’ income and leave 
their capital untouc !\ed, are the wise, the liappy, 
persons in perfect )um\HU ; while these who live 
below it and try to save it. find that health 
cannot bo hoamed, and that unspent income 
soon leads to ill-health, not througli starvation, 
but. plidhora. 

We must, then, be neither mi.sers nor sp<md- 
thrifts if wc would he healthy, hut \i.sc wisely 
and well what is given us to spend, ho it m\icn 
or little ; and whil(‘ looking on health as well as 
on wealth as a good gift of Clod, should never 
rcgaixi its aceunudation as tl»c object of life. 

To .spend the whole of life in aeijuiring health 
and strength, and to die without using the one 
or the other for any wise or useful purptme, 
is like amassing rielu‘S and having to leave them 
unspent and unused. 

Approximate Daily Expenditure. 

But since living up to and not beyond our income 
— here set down at an avt'i ago of 300 foot-tons — 
be such an advantage, is it . not of the first 
imiiortancc to hav(‘ some means of knowing 
whethiT we are doing .so or not ? Undoubtedly 
it is. But inasmuch as we cannot count our fool - 
tons as wo can sovereigns in our pockets, w(* can 
only estimate our expenditure ap})n>xiinately. 

If wc spend what mental and ])hysical force; 
we have without strain eiu’Ix day, in order to 
produce a lu'althy fatigue of mind and body, 
wliieh entirtdy disappears in .sl(;e|f, .so that we 
rise fresh and well ; if w(‘ are eoiisciou.s of no 
running down in ^^f‘ight or in our powers, 
especially of nerve forc(* ; if wc have not to 
use any .stimulants of any sort tx) keep up our 
energy" then wc may justly believe w(; are not 
exceeding our income nor trenching on our 
capital. The man who habitually lives beyond 
his income needs stimulants, which, indeed, are 
but draft's U'jfton his capital or reserve force. 

But why should any live extravagantly since 
doing so can only bring disaster upon them^lvcs ? 
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From several causes. In the first place, there such of a ** cure ’* at some foreign spa in the 
is a large class of people who are in a distressing autumn. 

position through poverty, which obliges them Many, through love of pleasure, fashion, or 
to spend all their income in earning it ; and sport, or even from restlessness of disposition, 
even then, with all their efforts, they cannot are living at this extravagant rate, and make a 
quite earn what they are obliged to spend, and great display of energy and health ; all their 
hence are perpetually overstepping their limits goods, as it were, are in the shop window, 
through sheer necessity. without reserves behind. 

Health Paupers. These form our largo Others, again, are extravagant from some 
army of workers for their daily bread, who ofU‘n fixed purpose for (3od or man. These set out 
find groat difficulty in providing what are called quite prepared to suffer in health, even, if needs 
the necessities of life — t.e., the 3,400 foot-ions bo, to lay down their lives in fulfilment of their 
the body requires for its maintenance. Indeed, call or mission. 

their life is peculiarly hard, for the work they As we have said, the reasons for extravagance 
have to do is so arduous that tliey icquire far differ immensely morally, but physically the 
more foot-tons of force than the average man, result is the same. To God the motive is every- 
and thus they fall short through insufficient food. thing, to Nature nothing. Tlie vicious man of 
We cannot call such people extravagant ; they pleasure and the overworked missioner both pay 
call for our sympathy and help, which can l)e the penalty if they make reckless drafts on 
best given by showing them how to economise capital. 

force, and how most easily to generate it. Many Live Cheaply and Naturally. Of 
thousands are in ])oor health, and many thousands course, the cheapest way to live is to live easily, 
die in consequence, because they live in such and well within tlie limits of exhaustion. Fatigue 
circumstances that good health cannot he main- is good, exhaustion bad. Life is so largely a 
taiiK^. H’hey are obliged to become health mat ti'r of habit and temperament that many live 
paupers. Ilut we do not write only for this healthily and wisely in a way that would kill 
distressed class, but also for thos(‘ who, with a others. We know one doctor who does all his 
good income, often entirely providtxl for them hard study between half-past five and half-past 
without effort of their own, are free to spend seven in the morning, going to bed, of course, 
it all, or nearly all, in any direction they please, soon aftt*r nine', for th(‘ rule against burning 
and are at no time under tin necessity of ex- the cniidh* at both ends is one of the tew that 
cecding it. Why, then, should such ever be are wTll-nigh universal. Early rising, however, 
extravagant ? by no means makes all men either “ healthy, 

The motives, indeed, differ widely, though the wealthy, or wise ” Many can work much more 
results are the same. But although it is true economicallv and easily at night than in the 
that Nature takes no account of motives, and morning; all depends not only on the individual, 
considers only the “ what” and not the “ why,” hut on the cliaraeter of the daily occupation, 
and visits all extravagances with the same penal- That life is easic'st that is most in harmony with 
ties, there is no reason why we should not con- our environment. 

sider them. On th(‘ other hand, what does spend force 

Health Spendthrifts. There are those with wasteful rapidity is hard w'ork under 
wiio exceed their daily health income, as we s(.»vero mental sliock, or when weak bodily, 

have said; from a spirit of emulation or after some severe illness or under great pressure 

pride. They wish to show they are as rich and without suflicient rest or change. Working 

strong as others, and to such an extent will really “ against the grain ” is nearly always 

some go in keeping up deceptive appearances expensive. All forec'd labour is unhealthy, 
of being ” grands ” when they were never made Sudden changes of surroundings or occupation 
for anything hut “cottage” pianos, that, like are often fraught witli danger, and many men 

the traditional “ soldier ” who livt*d on his pay, can no more bear transplanting after a certain 

they “ sptmd a half-erowni upon sixpence a ago than some trees. Habit counts for so much, 

day.” You will see a girl, with perha|)s but Wo cannot overrate the importance, if there 
150 foot-tons of force for her daily pocket-money, be a strain, of putting it always on the strongest 

emulating in all things her brothers, w ho have and not on th<* W'cakest parts of the body. If, 

300 or mon' to spend. ' for instanci', the brain is strong and the heart 

What would be thought of an engineer who weak, do more head work, and less paid manual 

drove his engine to double its power ? The labour, and t o on. 

result W'ouldlie the same as with a human being There is one form of spending which only 
who spends double his health income — a com- makes us the richer and stronger in the practice, 

plete breakdown. There is an income that onlj^ grows as it is 

Others are extravagant simply because their spent, wdiich we can never exhaust. It is well 

tastes and w^ants are cx|:)ensive, and far beyond indicated in a book called “ In Tune with tho 

their income. Where fashion is concerned, for Infinite”; and the principle of it is simplicity 

instance, all questions of health finance, if they itself. Once wo are really in touch with a source 

ever exist, are forgotten; and if its votaries are of infinite energy and love, wo can givCy givt^ 

required to live at high pressure through a London pive, and be none the poorer. In the sphere of 

season, tiflfey are very near bankruptcy at the spirit life, at any rate, we are free from the cor© 

end ; hence the attest universal custom with of ever being beggared. 

Continued 
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which the most important are the gauge, or 
width of the road, the greatest permissible 
gradient and sharpness of curve ; the mini- 
mum distance at which the trains may be 
allowed to pass buildings, signal posts, and other 
trains ; the lowest height at which the line may 
pass over public roads and rivers, etc. Such 
stipulations may, and often do, materially 
restrict and hamper the engineer in his choice 
of expedients. 

Nature of the Organism. An under- 
taking of the magnitude and national import- 
ance of a railway can very seldom ho the work 
of one individual, but must in practically every 
instance be done by the public for the public. 
Certain members of the community will specialise 
themselves for the purpose, devoting as share- 
holders a part of their property to carrying it 
out, or, as employees, their time and labour to 
carrying it on. Others, as customers, will con- 
tribute some of their moans in order to participate 
in the benefits it affords. 

The ordinary form in which the revenue 
account of a railway appears shows how the 
services rendered and the sacrifices made by 
the different groups of persons are balanced one 
against the other, of which we give a condensed 
summary : 

Revenue Account. 

Dr. Cr, 

Wages and £ Traffic Re- £ 
materials . . 582,000 ceipts 964,000 
Dividends and 
Interest . . 382,0(X) 

£964,000 £964,000 


The traffic receipts are contributed by cus- 
tomers. Wages (and if the railway be great 
enough to mine and manufacture for itself, the 
item materials also) are the remuneration of 
employees, while interest and dividends are 
the recompense of those who have sacTificed 
their property for the construction or develop- 
ment and expansion of the railway. 


The Working Ratio. The ratio of 
the wages and material to the traffic receipts, 
obtained by dividing the former by the latter, 
is called the toorking ratio, and is usually 
presented as so much per cent. The working 
ratio in the present instance is 60 per cent., a 
very usual figure in Great Britain. 

The following is a list from the principal 
countries for which railway statistics are avail- 
able of the w’orking ratios tJiat obtain in each 
instance : 


Per cent. 
Australia . . 68 

Austria-Hungary 65 
Belgium . . . . 61 

Canada . . 64 

Cape Colony jmd 
Xatn' .. ., 71 

Dutch Indies . . 57 

England and Wales 63 j 
Eranoe s • • • b2 j 

Gomiaay. - .. 65 ( 


Holland . . 

Per cent. 
.. 66 

Ireland . . 

.. 62 

India 

.. 44 

Italy 

.. 75 

Roumania 

.. 59 

Scotland . . 

.. 64 

Spain 

.. 47 

Switzerland 

.. 67 

Turkey . . 

.. 50 

United States 

.. 65 


It will be seen that this most important 
relation is a very variable quantity. In the 
language of elementary algebra we may say, 
if R represent the traffic receipts of a railway — 
».e., the amount shown on the right-hand aide 
of the revenue account, of which an example 
is given above — and X and E represent the 
amounts of the two groups of items brought 
together on the other side of the account, in 
the order given, then R --- X 4* E, since the 
two sides of the account must balance. 

The working ratio, to bo represented by n then 
X E 

becomes equal to ^,and - — 1 — where E 
R R 

represents the net earnings. But it has been 
shown that K, the recomjKmso for investment 
of capital, tends, under the influence of com- 
petition, to booomo a proportion, thereof ap- 
proximating to the rate of return upon capital 
invested in other business of equal standing. 
This tendency may bo exliibited by actually 

equating the two, and we have ^ .where 

C JLOO 

J is the per c^ent. of the rate in question, or the 
value of money for commercial purposes in the 
country at the period considered. Multiplying 

both sides of this equation by we obtain 


R ^ J R J 1 
C 100 ■ E ” 100 ‘ 1 - V 

Thus, the very important quantities R, C, J, 
and y constantly tend towards values the 
relation of which is conveniently expressed by 

tlie equation ™ , whore rj as well as J 

IS expressed in per cent. 

In Great Britain, as a whole, the working 
ratio has risen from undur 50 per cent, during 
the sixties to over 60 per cent, at tho present 
time, this cliange being in a groat measure 
accounted for by the diminished value of 
money, as above explained 


Cost of Construction. Before going 
further, it will bo desirable to form some idea 
as to the cost of a railway. Anything from 
£4,0(X) to £60,000 or oven £100,000 per mile, 
though true, is rather too vague for our purpose. 
It is important that anyone engaged in railway 
work, immersed in detail — as, of necessity, he 
usually is — should retain a clear vision of the 
cost of tho whole, as well as its objects and 
function, in order that ho may not be at fault in 
estimating the value and the relations of his 
particular part. 

£ X lb. + 10 X lb. 

is a formula easily remembered and applied. 
Tho symbol lb. here represents tlie number of 
pounds avoirdupois which one yard of the rail 
used will weigh, and the symbol £ tho number 
of pounds st.erling that the rails cost per ton 
delivered. 

This quantity doubled will give approximately 
the least cost of the permanent way of a single 
line of railway per mile of open line in sovei^eigns. 
The formula is not intended for practical use, 
but merely to fix ideas. Hie permanent waff 
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baciudes the rails, the chairs which oupport the 
rails, the sleepers to which the chairs are fixed, 
the broken stone or ballast upon which the 
chairs .are laid, together with the bolts and 
other fastenings, for main line and sidings. 

The earth work — the cuttings and embank- 
ments upon which the permaiumt way is laid — 
together with the necessary bridg<^s, etc., will 
cost in a modoraUdy undulating country about 
the same, and the necessary buildings and other 
works a similar amount. The minimum of 
equipment — the engines and vehicles — will 
probably come to less, say 

I {lb. X £ f- lb. X 10) 

But the cost of obtaining the necessary 
legal powers to build, and the expenses of 
acquiring the land, cannot be included in a 
general 'statement. 

The approximation of the results of this 
formula to actual figures depends upon the 
fact that, in a well-designed railway, the weight 
of tho rails per yfird of length is to some extent 
a gauge as to the number and size of tho sleepers 
taken, as well as to tho amount and quality 
of tho ballast beneath them ; while the cost of 
the rails per ton delivered is a rough measure 
of the whole cost of the material utilised, as 
well jis of the expense of doing the work. As 
a rul(^ the lieaviev rail is associated with a more 
level road, and therefore with more earth work. 

According to the formula the permanent way 
of a single line of railway with 80 lb. rails at 
£6 per ton would bo ; 

2 (80 X 6 -f 80 X 10) 

2 (480 + 800) 

— 2 X 1,280, or £2,560 per mile. 
Earth w^ork, etc. . . 2,560 „ „ 

Other works.. ,, 2,560 „ „ 

Total cost of road £7,680 „ „ 

With 30 lb. rails it would come to about half, 
as tho cost per ton would bo rather monn 
Neither of these figures arc very far from tlio 
average results of otdual working. 

Estimation of Receipts. Tho main 
factor in deciding tho construction of a railway 
is the amount of its estimated annual trallie 
receipts. Tlio cost of construction comes 
second, os this can bo modified in various ways 
in order to deal -with the greater or less amount 
of traffic. 

Numerous formulte have been invented for 
determining the receipts to be anticipated from 
a proposed railway, all of which, how'ever, have 
but a local, or very restricted, application. 

In settled countries the density of population, 
or the number of inhabitants per square mile, 
in the district through which it is to pass is 
the basis in every case. In new territories 
the estimate involves a further estimation as 
to tho amount of immigration and probablo 
commercial development. 

In all cases comparison must be made wit^ 
other districts as nearly like it as circumstances 
■jpMsrmit, and the estimate calculated on the 


assumption that the local traffic receipts per 
mile of Unc will vary directly with tlio density 
of population and with the area sei’vanl. Tlu' 
through traffic, Avhich is dcaived from oth(?r 
railw'ays, or the seaboard, etc., will usually 
be of a competitive eharaoter, and will (l('|M‘nd 
upon the speeial faeilitics that can ))e afforded. 

Tho ehiof difliculty consists in finding suit- 
able subjects for comparison. The d(;man(l for 
railway accommodation depends chiefly upon tin' 
industrial development of the popula t ion. When 
a number of self-providing families occupy the 
land, there is little occasion for w holesah* carriage 
except of passengers for pl(‘asnre. Bui Avlierc'- 
tho land is occupied by numerous C()inmunitie.s, 
each devoted to some special production, the 
materials for which and the results of whi(;h 
they exchange among themselvc's or witli foreign 
countries for mutual consumption, a very high 
contribution per head will be made to the traflic 
receipts of tho railways. The t‘xtent lo w'hieli 
this specialisation of employment is earried 
is also depindent upon tin* density of po])ulation 
when other circumstan(‘(‘s are simihir ; eon- 
8e(|nently th(3 traffic receipts of an establislu‘t] 
railway f(*ncl to in(‘rea8e in a- genmctiic ratio 
rather than in an arithmetic ratio to the density 
of population. Often tho traffic receipts will 
be found to vary approximately with the 
density of population squared. 

The method of ostimatiug tlu^ ])robal)l(^ traffic 
receipts of a railway by ('andul ealeiiUition of 
the output of mine's and factories, etc,, both 
actual and potential, accompanied l)y thc 
dotailed com}>ilati()n of road statistics — 
the number and character of ]u\Ksiug vdiicles — 
is extremely laliorious, and no mon^ certain 
than ilu^ fort'going method, since the amf)\mt 
of such traffic that can Ix^ div(‘rt(*d to a raihvay 
remains a matter of conjecture'. It is, however, 
useful as a check upon the former. 

Working Cost. It has aln'ady been 
pointed out that tho establishment f»f a raihvay 
is tho resuU of a public clTort to pi’ovuh^ a ])uhlio 
servico of locomotion. I’he I'tTort is made in 
two ways. I’ho first is measured by initial 
capital expenditure, and tho second by the 
annual working expenses, tho amount of which 
we shall now consider. 

The chief thing to r(*member is that tho whole 
aim and object of the first is to dimmish tho 
amount of tho second. This point will ho de- 
veloped later. For the present ])urp()se it is 
sufficient to note' that every detail of the con- 
struction of a railway must be studied in respect 
to its influence upon the ultimait; amount of 
working expenses, having n'gartl to the kind of 
work — that is to say, the dpscrij)tion of service 
— the railway is constructed to nlTord. 

'J’lic railways of the United Kingdom began 
tho present century — to take a rons])icuous date 
— with a cash subscribed capital of almost 
exactly £1,000,000,000, which brought in a gross 
revenue of almost £100,000,000. I’hus the 
figure.^ of the combined revenue account 
for that year present themselves at once as 
percentages of tho whole. 
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The expenses were as follow in thousands of 
pounds : 

Maintenance of way and worku .. .. 9,540 

Locomotive power (including stationary 

engines) 10,288 

Repair and renewal of carriages atid waggons 5, 1 73 
Traffic expenses (coaching and morchandiso) 19,348 
General char^zes . . . . . . 2,459 

Rates and taxes 3,757 

Government jiassenger duty . . 330 

Compensation to employees . . . . 146 

Compensation for personal injuries, etc. . . 192 

Compensation for damage and loss of 

goods . . . . 517 

Legal and parliamentary e\pr*n.stN . . . . 306 

Steamboat, canal, and harbour expenses . . 3,031 

Miscellaneous working expenditure . . . . 648 

Total working expenses , . . . 64,735 


These heads of expenditure are those pre- 
scribed by law for this country, and require 
some rearrangement before they can bo turned 
to account for our present purpose. In the 
words of a well-known authority : “ Ratos and 
taxes and government duty we may best strike 
out altogether, '^flic'y represent not so much 
an actual expenditure as a deduction from 
income. Comp(‘nsation ought to come in wlicre 
it belongs. Compensation to an injured plate- 
layer is properly part of the ‘ mainkaianoe of 
way ’ expenditure ; to an engine driver is part 
of ‘ locomotive power,* and so on. Parliamen- 
tary expenditure, if incurred in the promotion of 
a new line, is properly part of the capital cost 
of that line. If incurred in opposing a scheme 
. bolioved to be contrary to the company’s in- 
terest, it is a ‘ general charge ’ ; or, in other 
words, is included in expenditure incurred, not 
in any special dopaitment of work, but for the 
benefit of the iinderl aking as a whole. Similarly, 
legal expenses should go where they belong. 
Fighting a claim for compensation for damage 
to goods is a necessary ])art of tlie cost of carrying 
goods ; prosecuting for trespass on the lino 
belongs to the expense of ‘nmintenanco of 
way ’ ; as would also litigation with, or drawing 
a contract with, a Imilder for station repairs, 
and so forth.” 

Maintenance Departments. The des- 
tination of the whole revenue of a railway 
company may bo described as maintenance 
of one sort or another and grouped under four 
heads. 

Maintenance of Physical State will comprise 
maintenance of the rails, fastenings, slee'pers, 
ballast, earth work, bridges, culverts, fences, 
stations, signals, locomotives, carriages, wag- 
gons, eto. 

Maintenance of Traffic will comprise the cost 
of running the trains, coal, wages of engine 
drivers, stokers, guards, porters, stationmasters, 
watchmen, signalmen, inspectors; cost of light- 
ing, cleaning, stationery, etc. 

Maintenance of Organism will include the 
cost of oe-ordinating tho actions of the whole, 
and consist chiefly, of expenses inourred at the 
head office. 

Thus, alp the working expenses oan be dis- 
these three heads, while the net 
’ v?wh» together with these, account tor 




the whole revenue, are devoted to the main- 
tenance of the proprietors, who, after paying the 
interest on the debts of the under talcing, have 
balance for their own enjoyment . And it 
is usually found that if the railway cannot 
adequately maintain its^ proprietors, its pro- 
prietors will cease adequately to maintain the 
railway. In the scheme on the preceding page, 
the expenses and earnings of an Englisli railway 
have been separated out and divided into aliquot 
parts of the whole. This gives an arrangement 
of figures easily understood and remembered, as 
^ well as one that closely corresponds to average 
conditions, the adjustments needed to divide 
the expenses into equal divisions being very 
much smaller than tlie deviations found in 
actual working. 

Facts for the Constructor, The busi- 
ness of the builder of railroads is chiefly 
concerned with those items of expense ineludtfd 
under the headings, “ Maintenance of way 
and works,” and “ Locoinotive, carriage, and 
waggon expenses.” The object of a railway 
is to reduce the cost of transportation. A 
heavy capital expenditure is incurred for this 
purpose. A railwiiy is so efficient a moans of 
doing this, that when originally introduced 
almost any consf nicfion might be a commercial 
success, in these days, however, the constructor 
must do his utmost to ensures that aucli work 
is done, and in such a way, as to redtice the cost 
of transportation in working to the lowest 
amount possible, having regard to the kind of 
traffic to be dealt with and the amount of the 
capital expenditure reciiiired to so reduce it. 

The scheme presents also the items of expendi- 
ture in amounts per trnin-tnile. The meaning 
of this is that the amounts in ev(^ry cast^ have 
been divided by the number of miles that have 
been traversed by the trains run during the period 
with which the accounts of expenditure dt^al. 
The object of presenting the items of expendi- 
ture in this form is to afford a convenient 
means l)y which the cost of working on different 
railways can be coinpai'ed with one aiiotlier. 

Running Expenses. It will be seen that 
the actual cost of running a train one mile is 
approximately Is., this being the average amount 
of the expenditure upon oil, fuel, wages of em- 
ployees on the train, repairs to locomotive and 
vehicles. The cost of deiiling with the traiu- 
i load at each end of its journey apijears as traffic 
expenses^ and amounts also to an average of 
approximately Is. Tlio wear and tear to 
the railway itself and the works— i.e., buildings, 
etc. — that belong to it comes to about (id. per 
train-mile. Adding to this the amount required 
to keep in repair and renew when necessary the 
vehicles and locomotive of the train itself, we 
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have once more Is. on the average devoted to 
maintaining the whole plant of the organism 
in efficient physical condition. 

Physical Maintenance. The cost of 
maintaining the railway, buildings, and plant is 
obviously in a different category to that of run- 
niiig trains and att<‘nding to traiVus of which 
the remaining expenses of a railv\ay chit'fly 
consist. Tlie latter will dep(*nd upon competi- 
tion and public demand to a much greatei* extent 
than the former. 

Quickness in despatching parcels and goods, 
Xuinctiiality in trains of all kinds, comfort in 
passenger carriages, convenience at stations, are 
costly means of attiw^ting traffic, but will not 
affect the item now under consideration. The 
coat that is incurred under it will, on the other 
hand, depend to a very great extent upon the 
solidity and workmanship of the structures, on 
their apx)ropriateness to tht^ purpos(iS they wore 
intend(Hi to fulfil, and the skill with which they 
were designed. 


The Minimum Conditions. llofore 
passing to the stu<ly of construction in detail, it 
may be well to ])oint out the least conditions 
that uuivst be fulfilled before railway construotiou 
of any kind is justificid. 

The expenses of keeping a railway of the lightest 
description in proper nqrnir and its equi]>mcnt 
in a state of working efficiency will amount at 
least to the average wag<\H of one man for twtuy 
mile of way opim. The other expenses of 
dealing with traffic are not likely to lx*. redu<!od 
to l«‘ss than one- third of the re(UM])ts. 'rhe 
minimum value of X is not, tlu'-reforo, likely to 


bo rediicible to less than 


w -\- 


R 


wlu'n v) is the 


average wages of an employe. Hence, if the 
estimated value of R is not greater than w -f- 

by an amount sufficient to pay ad(‘(iuato interest 
on the capital requin'd to build and equip the 
railway, the conditions will not suffic«> to justify 
construction at’^ill, a railway is too ambitious 
a sclu'rne, and luimbku' means of transportation 
must bo adopted. 

In Great llritain the minimum conditions are 
reached wlien the estimated receipts are no 
more than £1 per day or £;ibO a year per mile of 
line op(m to traffic. If the average wages of 
employees per head bo as small as 25s. or 
£(15 })er annum, the total expenses might bo 
brought down to 65 + -- £175, which, 

deducted from £560, leaves £185 os net earnings, 
thus enabling, at 4 per cent., a capitalislition 
of £4,625 per mile, which is less than that of 
any light railway in this country wouUl bo 
unless built in veiy favourable circumstances. 


Continued 
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Possessive Adjectives and Pro- 
nouns. PossoBHives follow the rule of adjectives 
ending in o. They agree with the thing possessed, 
not with the person or thing possessing. They 
may bo classed as possessive adjee fives, and 
possessive pronouns. 

Possessive Adj ectives. 

These directly precede or directly follow the 
noun. They are as follow ; 

Masculine. Feminine. 


Singular. 

Plural. 

Singular. 

Plural. 

mio 

mios 

tnia 

mias my 

tuyo 

tuyos 

tuya 

tiiyas thy 

snyo 

auyos 

suya 

suyas his, her, 
its, yours 

nuestro 

nuestroa 

nuestra 

nuestras our 

vuestro 

vuestros 

vuestra 

vuestra s your 

suyo 

suyos 

sxtya 

suyas ihiur, 


your 

1. When miOf tayo^ and suyo precede the noun 
they lose their last syllable, and are the same 
^ for botli genders, viz. : 

mi plural mis 
tn „ ('US 
, sxt „ sus 

2 The possessive adjective precedes the noun 
when no particular stress is intended. Ex- 
amples : ?ni padre, my father ; mi madre.^ my 
mother ; nuestra casa, our house ; sus tierras, 
their lands. 

3. As sii, sus may mean either his, her, its, or 
their, the ajjpropriate pronoun is added when 
there is any possibility of mistake : su vida de. 
elt his life ; su vida de ellUy her life ; sus vidas 
de their lives (f.). 

4. Politeness demands this constniction with 
Vd, even when there is no ambiguity : su vida 
de Vdf your life ; sus vidas de Yds, your lives. 

5. Vuestra is used when the form of address is 
the formal vos, to one person, or the familiar 
vosotros to several. Examples ; Fuedo imayin- 
arme vuestra alegria d todU'S, 1 can imagine how 
pleased you all were ; Rogamos d Vxiestra 
Majestady We beseech your Majesty. 

6. The possessive adjective follows the noun 
in direct address (vocative ease) : PiidreNuestrOy 
Our Father ; amigo mio, my friend. 

7. The possessive adjective follows an imper- 
sonal noun preceded by a definite article, for 
greater, effect in poetry or oratoi^ : el alma 
tuyay soul ; la muerte wia, my death. 

^ W^ an adjective, the possessive adjective 
praoedeir or foDotvs the noun according to the 
of the meaning; for instanoe* Mi 


querido amigoy My dear friend, would bo appro- 
priate as the opening of an ordinary letter ; „ 
Querido amigo mio denotes more affection and 
familiarity, while Amigo mio querido might 
server for the opening of a love-letter. 

9. Tn phrases such as “ a friend of mine,” 

“ neighbours of ours,” the possessive adjective 
follows the noun : un a/niigo mio, unos vecinos 
nuestros. 

10. The personal pronoun in the dative must 
bo used with the verb and the definite article 
with the noun, instead of the possessive adjective, 
when r(‘f<?rring to parts of the body or articles 
of dress : Se quito el traje. She took off her 
dress ; Jfe duele la cabeza. My liead aches. 

Possessive PR0N0tJN.s. 


These arc aecom})amed by tlm .articles which 


agree with th(*m ; they an; as 

follow : 

Singular 
el mio 

M nsculine. 
Plural, 
los mios 

mine 

el tuyo 

los tuyos 

thine 

el suyo 

los suyos 

his, hors, its. 

el nuestro 

los nuestroa 

yours 

ours 

el vuestro 

los vuestros 

yours 

el suyo 

los suyos 

theirs, yours 

Singular, 
la mia 

Feminine 
Plural, 
las mias 

mine 

la tuya 

las tuyas 

thine 

la suya 

las suyas 

his, hers, its, 

la nuestra 

las nuestras 

yours 

ours 

la vuestra 

las vuestros 

yours 

la suya 

las fruyas 

theirs, yours 


1. The neuter posst^ssive is the same as the 
masculine singular with the article lo, lo mio, 
etc. ; it has no plural. 

2. Possessive pronouns lose their artiolo-«when 
Ihcy stand .as predicate of the verb to bo. 
Example : Esos guantes son mios. Those gloves 
are mine. 

3. But if p.articular emphasis is intended, they 

retain the article. Example : Esos guantes son 
los mioSy Those gloves are mine. ^ 

Demonstrative Pronouns. There are 
three demonstrative pronouns which agree 
with the norn in gender and number, except 
the neuter foims, which are invariable : 

Singular. 

Masculine. Feminine. Neuter. 

este esta esto tliis 

ese eaa eso that 

aqud aqueUa aqueUo that 







Plural. 

Masculine, Feminine. 

estos estas these 

esos e^as those 

aquellos aquellas those 

1. Este generally means something near the 
speaker, e^e something near the person ad- 
dressed, and aquel something at a distance 
from b oth. 

2. Ttm d^2iionstrative pronoun regularly pre- 
cedes the itoun : efita iglesia, this church ; esa 
ciudad, that city. 

3. It follows the noun, which is preceded by a 
definite article in such sentenccis as the following, 
when the meaning may often be intensified in 
English by the addition of here : los hueno.<t 
amigos esos, these good friends (hero) ; el 
hornhre ese, that man (there). 

4. The definite article is also used as a demon- 
strative pronoun to signify that ; it can often 
be rendered by thti English possessive ease. 
Example: mi perro y el de mi herma'no^ my dog 
and that of my brother (or my brother’s) ; 
nueMra casa y la de Vd, our house and yours 
(literally, that of yon). 

5. The neuter forms esto, etc., can never be 
used with a substantive ; they have a thought, 
phrase, tjtc., for their antecoflent. Esto, some- 
thing said by the speaker ; eso, something said 
by the person spoken to ; and aqnello, something 
referrjul t(3 by either. Example : esto es lo que 
me han dicho, this is what I hav(5 been told ; 
eso no me importa, I do not care for that ; 
aquello no fue verdad, that was not true. 

0. Este used substantively refers to the last- 
mentioned of two persons or things, and aquel 
t,o the first ; eMe ami its variations may, there- 
fore, be translated “ the latter,” and aquel and 
its variations ” the former.” Este, ese, and 
aqnel are also \ised substantively as this, this 
one, that one, etc. Examj)les : ^ quien es este ? 
who is this (man) ; el 7narido de esta, y el 
padre de aquel, the husband of this (woman) 
and the father of that (man). 

7. The masculine and feminine demonstratives 
take an accent when used emphatically. 

Vocabulary Vocabulario 


What is the weather ? 

Quo tiempo hace ? 

It is cold 

Hace frio 

It is warm 

Hace calor 

It is mild 

Esta tcmplado 

It is snowing 

Esta novando 

It is freezing 

Esta helando 

It is raining 

EstA Jloviendo^ 

The wind blows 

Sopla el viento 

North wind 

Vionto norte 

The east wind 

El 1(5 V ante 

'Contrary wind 

Vionto (5ontrario 

Trade winds 

Vientos gcneralcs 

Land breeze 

Viento terral 

A storm 

Una tempestad 

A shower 

Un aguaccro 

Lightning 

Relampagos 

Truenos 

Thunder 

A thunderbolt 

Un rayo 

An eclipse of the sun 

Un eclipse do sol 

An eclipse of the moon 

Un eclipse de luna 

A meteor 

1 D 

Un me^oro 


Fireworks 
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Fuegos artificiales 

A sky rocket 

Un cohete 

An aurora borealis 

Una aurora boreal 

The clouds 

Las nubes 

A cloudy sky 

Un ciolo nublado 

The waves 

Las 61 as 

The rocks 

Las rocas 

The lifeboat 

Kl bote salvavidas 

The lifebelt 

El salvavidas 

To swim 

Nadar 

A school of swimming 

Cna (‘scuela de natacion 

A batii 

Un bano 

Sea ])aths 

Banos de mar 

Medicinal bjiths 

Banos medicinalos 

Vapour baths 

Banos de vapor 

A douche 

Una ducha 

Salt water 

Agua salada 

Fresh water 

Agua dulce 

Sea water 

Agua del mar 

Sulphur water 

The b(‘ach 

Agua sulfurosa 

La play a 

A sandy beach 

Una piaya arenosa 

Shells ‘ 

Las conchas 

A stone 

Una piodra 

A whetstone 

Pi(5dra do amolar 

Touchston(5 

Piedra de toque 

A magn(5t 

Piodra imaii 

Pumice stone 

Piediu pomez 

Caustic 

Piedra infernal 


Exercise VIII. (1). 

Translate the following into Spanish: 

1. That overcoat is miiu*, and that dress is 

yours. 2. These flowers an; mine, th€‘se books 


are thine. 3. I savcid my life witli a lifebelt. 
salve 

4. Thy hands are clean. H(‘r face is pretty. 

limj)ias 

5. Your life is laborious. 0. God keep your 

trabajosa guarde . . 

Majesty 7. My friend, it is snowung ; one 


Ccannot go out. 8. My dear friend, I do 

not fear the snow. 9. Some neighbours of 

. . . ttuno 

ours have been killed by a thunderbolt. 10. 


That child is ill. 11. A sky rocket fell on that 

enfermo cay 6 

woman. 12. Those clouds darken the sky. 13. 

oscurecen 

That is sea water. 14. That man killed his 

mato . . . 

brother — that is what they have told me; I do 


not believe it. 

Exercise VIII. (2). 

Translate the following into English: 

1. No me importa lo que han dicho. 

2. Aquello que han dicho no es verdad. 

3. Eso es mio, es mi sombrero, y mi libro. 

4 . Esos horiibros son buenos. 
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6. Mi perro estd en caaa con aqnel hombrii. 

6. Esta casa v esta iglesia son mlaH. 

7. Esto cs malo, y aquollo os bueno. 

Key to Exercise VII. (1). 

1. El amor no se oculta. 

2. Vdesti, cnamorado de la hija de an vecino. 

3. Si, sefior, y so lo dijc aycr. 

4. Vd le 08 indiferonte. No lo eroo. 

5. No tonga impaciencia ; la paciencia as 
ima virtud. 

6. Una persona quo odia busea vonganza. 

7. Esos son malos sentimiontos, tonga bondad, 
y perdone. 

8. El capitan, adomas de sor inarino, os 
oscritor. 

9. £1 doctor d(^ ({iiion le liabl6 ea un espeeia 
lista, poro no es un ooulista. 


10. Le ban robado ’ sus ' inatrumentos de 
cirugia. 

11. No tiene dolor de muelas, porque sus 
dientes son postizOs. 

12. El periodista os poeta, su poriodico es 
un diario muy bien oscriio. 

Key to Exercise VII. (2). 

1. He spoke to him, and he did not listen. 

2. Give him the bread ; 1 have given it to 
him. 

3. Do you know this woman ? I know her. 

4. It is not true ; [ do not believe it. 

5. Ho has hurt himself ; call the doctor. 

0. They have gone ; call them. 

7. It .seems to me that he liates that man. 

8. He met them in your house, and they 
fought. 
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Degrees of Comparison. The qualify- 
ing adjective may be of three degrees : positive 
{b7ionOf good), comparative {rnigliore, better), 
superlative {ntfimo, best). Q’he student will 
observe that the adjective given as an cxami)le 
is irregular in Italian as it i.« in Knglish. 

Comparative Degree. The comparative 
degree may be of throe .sorts : of equality, 
superiority, and inferiority. 

1. The REi.ATiON OF EQUALITY is cxpre.s.sed 
in It alian by ; 

coal . . . conic, or tanto . . . iiuantu, as . . . 

as, so .... as ; anto, -o quanto, -a, 

as much . . . a.s, so much ... as ; tanii, -e 
. . . quantif -e, as many . . . an, so many . . . 
as. 

QueMa stanza c cost grande come qucUa, This 
room is as large as that. 

Noi ahhiamo scritto tante IHtere qminie voi, nia 
voi non avete scritto tanto quanto noi. We have 
written as many letters as you, but you liave 
not written so much as we. 

Note. In the forms cosl . . . come, tanto 
. . , quanto, cosl and tanto are generally omitted, 
so that the above examples may be written: 
Questa stanza A grande come quella, Noi ahhiamo 
scritto tante lettere quante voi, ma voi non avete 
scritto quanto noi. 

2. The RELATION OP SXTPKRTORITY IS expn's.sed 
by: 

pm . . . di, or piu . . . chc. more . . . than. 

II ferro e piu utile del! oro, Iron is more u.seful 
than gold. 

Queir uomo e piu morto che vivo. That man is 
more dead than alive. 

Me^io tardi che mai. Better late than never. 

3. The RELATION OP INFERIORITY is expressed 
by: 

meno . . . di, or meno . . . che, less . . , than. 

Noi siamo meno ricchi di voi. We are less rich 
than you. 

Quella signora ^ meno hella di questa. That 
lacty is less beautiful than this. 

Pm . . . che and meno . . . che are used 
when the second of the two terms of comparison 
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is an adjective, or a veTb or an adverb. In 
many cases pi it . , . di, meno . . . di, and 
pm . . . che, meno . . . che are equally correct. 

The preposition di is cou{)lcd with the article 
according to llic rules c-lready given— c.j/.: 

Afin padre e piii rerrhio di I'odro jHidre, My 
fathe'r is older than your fatlu'r. In this 
si'utenee di must be used and not the compound 
article del, IxTaiisc th(‘ possessive vostro precedes 
the noun padre. (See the Possessive Adjectives, 
page 2771.] 

QaesUt Jihro e piii utile di qaello. This book is 
mor(‘ usef\il than that. In this sentence del 
would be in<M.)rreet, beeauso quella is never 
preceded by the article. [See Demonstrative 
.\djcctives, pnge 2t)32.] ^ 

II nostro giardino e piii grande del loro. Our 
garden is larger than theirs ; hen* del must be 
used and not di, because loro always requires 
the article. [See the Possessive Adjectives.] 

Tlic compari.son of .superiority and inferiority 
may be strengthened by adding moUo, assai, etc., 
to piu and 7neno — e.g. : 

Mio fratello ii molto piii diligente di mio cugino. 
My brother is much more diligent than my 
cousin. 

La rostra casa e. molto meno edmoda della 
nostra. Your house is much less convenient 
than ours. 

Note, The second of the two terms of the 
comparison of superiority and inferiority is often 
understood, as : 

La rostra casa e grande, ma la nostra I molto 
pnu grande {della rostra). Your house is large, 
but ours is much larger (than yours). 

Non ho mai visto un uomo 'inii impudente 
(di Pietro), I never saw a man more impudent 
(than Petor). 

Quanto piii . . . tanto piii, or piU . . . piU = 
the more . . . the more. 

Quanto meno . . . tanto meno, or meno . . . 
meno = the less .... the less — e,g . : Qvunto 
pin leggiamo, tanto piii impariamo, or piii 
leggiamo, pm impariamo. The more we reai, 
the more we learn. 
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Exbkcisr XVII. 
fare {fdhreh), to make, to do 
fa (fah)^ it makes, it does 
faceva (fahchdhimh), it made 
fard {fah-rdh)y it will make 
fa freddoy it is cold 
fa caldoy it is hot 
fa vcntOy it is windy 
passeggiata {'txihsseh-dgeedhtah), walk 
fare uwt passegguUay to take a walk 
andare {ahn’ddh-reh)y to go 
fedele {feh~deh-leh)y faithful 
ieri (ee-e^-ree), yesterday 
oggi {ddg€e)y to-day 
domani {do?ndh-nee)y to-niorrow, 

1. Pietro e biiono come Carlo. 2. lo ho 
danaro quanto voi. 3. Mio padre 6 pi A ricco 
del vostro amico. 4. Quell’ orologio o piii 
caro di quella catena. 5. 11 caru^ o piu fefL'lo 
del gatto. h. 1/inverno e molto piii frcddo 
deir autunno, c la priinavera c molto mono 
calda dcir estate. 7. Qiu'stc case sono piii alte 
cho larghe. 8. Ii^ri fac(‘.va frciddo, rna oggi fa 
molto piii frcddo. 9. Sc domani fara piii 
caldo, andremo tutti fi f!ire una jiasseggiata in 
campagna. 10. Questa strada e troppo liinga, 
I'altra is molto piii corta. 

Superlative DEtnusE. To indicate the 
highest degree of a (piality the terminations 
’issitnoy -iy -c, are added to tlie last cons(»nant 
of the adjective, as : raldoy c.aldis.sinu)y hot, hot- 
test ; pxroy purU^simOy pure, purest. 

The adjiictives in c<t and go add the terminations 
4ssijnOy ’(ty -iy -e to the last consonant of their 
plural, as: porn, pfchhmmoy little, very little; 

riccoy ricchissimoy rich, viay ri(!h ; rnttolicoy 
cattolicUsimOy catholi(r, v(?ry catholi<\ 

The adjectives ending in io drop both vowels 
before the terminatJons -issinu>y -u, -iy -r ; but 
if the i is accented, only the o is di'oppcd, as: 
sdviOy .savisfimWy wise, wisest ; p/o, p/mimo, 
pious, most pious. 

Note. The Latin forms of some adjectives 
ending in iro — as; magniiico, rmigni/icenUssimo ; 
benefico, beneftceMls^iitnAty etc. — ar<^ only used 
rhetorically. 8omo adjectives ending in re, ro 
retain in the superlative the Latin form in 
errimo — e.g., celebre {cheh-kk-breh)^ famous, ede- 
herrimo ; ndsero {7neeseh‘ro)y miserable, miserrimjo ; 
salvhrpy healthy, saiubhrimo. 

1. The ABSOLUTE SUPERLATIVE may also be 
farmed by placing an adverb before the positive, 
as : molto coMa), very hot ; assai bellay very 
beautiful ; eMremamemte. bmnoy extremely good ; 
etc. 

The superlative of some adjectives is also 
formed by placing -arci or -stra before the posi- 
tive, as : miliondrioy millionaire, drcimiliondrio ; 
grande, large, stragrande. 

Another way of forming the superlative is to 
reduplicate the adjective, as : lungo lungo, very 
long ; corto corto, very short ; etc. 

2. The RELATIVE SUPERLATIVE is formed by 
placing the article before the comparative degree 
of the adjective. 

The relative superlative may be of superiority, 
and is then expressed by il 'piu, la pid, i piii, U 
pid, the most ; or of inferiority, and is expressed 


by il meno, la meno, i meno, Ic meno, the least — 
e.g., Pietro I il pid diligerUe scolaro della scuola, 
Peter is the most diligent pupil of the school ; 
Carlo i il meno ricco di tutti, (Charles is the letist 
rich of all. 

If the adjective comes after the noun pre- 
ceded by the art icle, it is better not to repeat the 
article : lo scolaro {il) piu diligentc. But the 
article is necossaiy before pid and mciw if the 
noun is preceded by the indefinite article, as : 
11 n 110 mo il pid cattivo. 

The following adjectives, besides the regular, 
have also a comparative and superlative of 
T..atin form : 

alto, high ; ^uperiorCy superior ; supremo or 
sommo, supremci, very high. 

hcLssOy low ; inferiore, inferior, lower ; mflmOy 
the lowest. 

buonoy good ; migliore, better ; dttimo, the 
best. 

caltivoy bad ; peggiore, worse ; pessimo, the 
worst. 

grande, great ; maggiore, greater ; mdfssimo, 
the greatest. 

piccolo, little ; minorc, lc.ss ; ininimo, the 
least. 

Pronounce : uhl-to, soopeh-reeo-reh, sooprih- 
mo ; bdhfiito, cenfek-reed-reh, ce.n-feemo ; boo-dno, 
niee-leeo-rehy otteemo ; cah-ttee-vo, peh-dgeeo-reh, 
pehsseemo ; grnhn-deh, mah-dgeed-rch, rmilissecmo; 
peeccoloy meend-reh, meencemo. 

For migliore, peggiore, and minore in familiar 
language may be also used the adverbial forms 
meglio, peggio, meno : Le peggio cose for le cose 
peggioriy the w’orst things. 

Il rmiggiorcy il mirutre, etc., mean also the elder, 
the eldest, the younger, ihti young(^st ; il fratello 
maggiore, la sorella minore. 

In familiar language a few substantives may 
also assume a eomparativo and superlative, as : 
piu asino, asinissimo, servitorissim), padronis- 
siino. 

Exercise XVI 1 1. 
musica {vwdseecah), music*. 
fidgina {pdh-dgenmh), page 
doria {storeeah), history 
spesso {spehsso), often 
speso {spihso), spent 
ferro {fehrro), iron 
aocidio {ah-chee-dheeo), steel 
soddisfatto {di), satisfied (with) 
stvdiato {stoodee-dlUo), studied 
rimedio {reemeh-deeo), remedy 
male {mdhleh), evil 
tanto mkjlioy so much the bettor 
tanto peggio, so much the worse 
vi place ? {vee pee-dheheh), do you like ? 
mi {mee) place, I like 
e mtglioy it is better 

1. Questa musica e bellissima. 2. Dante 6 il 
ifi grande poeta d’ltalia. 3. Questa 6 la pid 
ella pdgina della nostra storia. 4. Il pid 
grande d^bito h un beneficio ricevuto. 5. I 
pdveri sono spesso pid felici dei ricchi. 6. Se 
avete speso tutto il vostro danaro, tanto peggio 
per voi. 7. L’acciaio d pid duro del ferro. 
h. Noi siamo molto soddisfatti dei nostri studi. 
9. 1 ragazzi hanno studiato tutto il giomo. 10. 
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Tanto meglio, piu studiano, piu imparano. 11. Marathon ten thousand Greeks under the com- 

E moglio non parlare di certe cose. 12. Quella mand of Miltiades defeated a hundred thousand 

ragazza 6 bellissima ; ha gli occhi neri neri c i Persians. 6. In the last battle our enemies lost 

capelli biondi come V oro. 13. Mio fratello three thousand men. 7. We are at home on 

minore 6 in coll^gio ; egli e un ragazzo intelli- Wednesday and Friday. 8. The months of 

gentissimo ; e il migliore di tutti gli scolari. January, March, May, July, August, October, 

14. Vi place il mio vestito nuovo ? 15. Non mi I)cceml)er have thirtv-ono days, February has 

places tanto, e troppo chiaro ; il mio e molto piu twenty-eight, the others thirty. 9. The year 

scuro. 16. lo abito (I live) molto loniano, ma has four seasons: Spring, Summer, Autumn, 

il nostro amico abita molto piu lontano. 17. Winter. 10. Tarquinius Superbus was the 

Spesso il rimMio poggibr del male. seventh and last King of Rome. 11. At present 

Key to Exercise XVI. niy son has only two thousand francs a year, 

1. Fifty francs. 2. Fifty-one horses. 3. Here but in two or t hree years he will have almost 

is the laundress’s list : shirts twenty-one, (the) double. 12. l^mis the XVI was l^headed 

collars forty-one, handkerchiefs eleven. 4. A in January, 1703. 13. It is half past eight and 

pound sterling is five and twenty francs. .5. At the train starts at five minutes past nine. 

Cnntiiiued 


FRENCH 

III. From the Past Partktple are formed 
all the (vOMPOUNi) Tenses by adding it to the 
respective tenses of the auxiliary nroir or ftre. 

Donn6 Fini 

fai dmine. favnis jini 

Re(,’U Vendu 

faurai rei^a qne fait vc/ndu, 

IV. From the Present Indkutive the 
Imperative is formed by omitting the personal 
pronouns. In the first conjugation the final s 
of the second ])(Uson singular is dropped. Thc^ 
imperative has no third persons of its own, but 
borrows those of the subjunctive : 


Indicative. 

Imperative. 

1. tu donnes 

donne 

nous donnons 

dotitifju.'i 

vous donnez 

donnez 

2. tu finis 

finis 

nous finissnus 

finissons 

mus finissez 

fi nissez 

3. tu rexpis 

regois 

nous revevons 

race vans 

vous recevfz 

recevez 

4. tu vends 

rends 

nous vendons 

rendons 

rous vendez 

vendez 

Exceptions : 

1 . Third Conjugation : 

Indicative. 

Imper.\tive. 

AVOIR 

tu aSy thou hast 

aie 

nous avons 

ayom 

vous avez 

ayez 

SAVOIR 

tu saist thou knowest 

sache 

nous savons 

snehons 

vous savez 

sachez 

2. Fourth Conjugation: 

Indicative. 

Imperative. 

llTRE 

tu eSy thou art 

sois 

nous mnimes 

soyons 

vous Ues- 

soyez 


V. From tlte Past Definite the Imperfect 
SUBJUNCTIVIB is formed, by changing s of 
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the .second ])erson singular into wc, t, 

fisions, smez, In the third person 

singular, the vowel inj mediately priH*eding the 
final t ta1<es a eircumilex aeeiuit ; 

In l)()NNA-S tu PlNI-S 

qnc jp don7ia:Hsf> qae je flni-sse 

qne tu donna que tu fini-ssea 
qu'il donnn-t qiCil fini-t 

que nous donna-ssioris que nous fini-ssion^ 
que vous donna-ssicz que, vous fini-ssiez 
qu'ils donna-ssent qu'ils fini’ssent 

tu Re(;i;-s tu Vendi-s 

que je re<^u-sse que je vendi-sse 

que tu rcQu-sses que tu vendi-sses 

qa'il re^ii-t qu it vendt-t 

que nous re(;.u ssious qiic nous vendi^ssinns 
que nous rfQu-ssirz qua rous vendi-ssicz 
qiiUls reru-ssetit qu'ils veruli-ssent 

1. Special Remarks. All prepositions but 
one require the verb whieh follows them to be 
in the infinitive'. The single (‘xeeption is en (in) 
which takf\s the p/e ;ont particif)le after it : 

1 1 joue au lieu da travaille.t\ I To plays instead 
of working ; Jl we regarda ^<ians rien dire. He 
looked at me w ithout, saying anything ; A pres 
avoir In. la left re, il me la donna ^ After having 
rc'ad the letter he gave it to me ; Les ouvriers 
travaillaient en chardani. The workmen sang 
as they worked ; Elle nous regarda en sovriant, 
She looked at us smiling. 

2. In English, “ one,” “ ones ” frequently 
take the place of a noun after an adjective. 
In French, there is no such construction, and 
the adjective alone must bo used : 

There are tw^o books on the table, a large 
one and a small one, Il y a deux livre^ sur la 
tahley un petit et nn grand ; Take the good ones 
and leave the bad ones, Prenez les hons et laissez 
les mauvais. 

3. An adverb must never be placed between 
subject and verb. Its usual place is after the 
verb in a simple tense, and between the auxiliary 
and the verb in a compound tense : 

I never see him, Jenele vois jamais ; He has 
never spoken to me, Il ne wCa jamais parle. 

4. An “il” clause must have its verb in 
either the present or the imperfect indicative. 



With an “ if ” clause in the present, the “ result '* 
clause must be either in the present or the 
future indicative, or in the present imperative. 
With an “ if ” clause in the imperfect, the 
“ result ” clause must be in the conditional : 

S'il est id, il doit lunis voir. If he is here, he 
must sec us ; S'il est id, il nous verra. If he is 
here, he will see us ; S'il vimt demain, nous le 
verrons. If he comes to-morrow, we shall see 
him ; SHI est id, quit vienne 7wus parler. If 
he is here, let him come and speak to us : SHI 
eiait id, il viemdrait novs parhr. If ho were here, 
he would come and speak to us. 

t5. Assez, enough, always precedes the adjec- 
tives which it inodilies ; 

Le plus petit enne^ni est toujours assez grand 
pour lire dangereux. The sjnallest enemy is 
always big enough to lx* dangerous. 

Exkikisk XXI 11. 

Vocabulary 


le bmd, end, tip 
la cause, cause 
le charanqon, weevil 
le diej-dHxuvre, master- 
piece 

la chenille, caterpillar 
la chose, thing 
le commencement, be- 
ginning 

la contrariete, vexation 
le crime, crime 
le defaiit, defect 
la dent, tooth 
envie (f), envy 
elephant (m.), elephant 
enfant (m.), child 
ennemi (m.), enemy 
ennui (m.), annoyance 
la famille, family 
la fluxion de poitrin^, 
inflammation of the 
lungs 

la haine, hatred 
importance (f.), import- 
ance 

insects (m.), insect 
la jalousie, jealousy 

continuel, continual 
dangereux, dangerous 
duraole, lasting 
imperceptible, impe.r- 
ceptible 

implacable, implacable 
indifferent, indifferent, 
of no consequence 
indulgent, indulgent 
innocent, innocent- 

arriver, to arrive, (M)mc 
causer, to cause 
coUter, to cost 
craindre, to fear 
depnuiller, to despoil, 
plunder 

d cause de, because of 
assez, enough 


le labour cur, liusbandmaii 
le 7nal, ailment 
la maladie, illm^ss 
Ic me7iso7i(ffi, falsehood 
la rrwisson, harvest 
la nu)uche, fly 
le 71 ez, nose 
le panier, basket, 
la perte, loss 
le point, spot, speck 
la posterite, posterity 
la prngeniture, progeny 
le rhu7ne, cold 
la ruine, ruin 
la sautcreUe, grass- 
hopper, locust 
la tenuite, tenuity, mi- 
nuteness 
le tour, turn 
la treille, vine-stalk 
la vanite, vanity 
la verrue, wart 
le vice, victe 

le voisi7iage, neighbour- 
hood 

le voisin, the neighbour 
le voleur, thief 

ins u. pixntahle, uni x^ar- 

able 

fnortel, deadly 
permaneTit, permanent 
petit, little, slight 
pourri, rotten, bad (of 
fruit) 

se7il, alone, only 
vilain, ugly, nasty 

gdter, to spoil, decay (of 
teeth) 

mepriser, to despise 
negliger, to neglect 
reformer, to reform, cure 

aujourd'hui, to-day 
hien, very 


bitn de (des), many 
hierUot, soon 
centre, against 
d'ailleurs, moreover 
demain, to-morrow' 
en herbe, in the blade 
en outre, in addition 
ensiiite, afterwards, then 
7nalh eureusf7nent,u n for- 
tunately 


presque, almost 
parrni, amongst 
quand, when 
qneUjuefois, sometimes 
sans, without, but for 
seulement, only 
sur tws gardes, on our 
guard 

toujours, always. 


Translate into Krfach. 

Those who despises small defects are very 
wrong. The smallest enemy is always big 
enough to bo dangerous. It is not elex)hants 
that cause the loss of harvests and the ruin of 
husbandmen ; it is locusts and little cater- 
pillars, w'licn the corn is in the blade ; weevils 
and other impenreptihle insects, when it is ripe. 
It is not big robbers only that despoil the 
vine-stalk and the orchard of their fruit ; it is 
little ones also, s])arrows and oven Hies. With- 
out being deadly, little ailments are sometimes 
enemies as unbearable as the Vjig illnesses of 
which w'O are afraid. It is almost always 
through litth', neglected ailments that the 
serious (great) ones eornc. H\)-morrow the 
little cold of to-day will perliaps be inflammation 
of the lungs. But for little d(;fo(Hs there would 
not be any vices. Moreover, a little defect is 
not a slight thing, and where there is one, there 
will never be any masterpiece. A wart is not 
very big, but if you have it on the tip of your 
nose, it will be for you a continual cause of 
annoyance and of vexation. .X small defect 
is never of slight imj)ortauce if it is ])ermanent. 
What is lasting is never slight. Moreover, a 
little defect is always the beginning of a big 
one ; vices themscHves are the children of little 
defects. Th(^ little defect will soon bo great ; 
where there was onc^ the>rc will soon he several. 
A little dch^ct is never a1on(\ It always has 
a family. If it is not for itself, it is for its 
posterity that it is to he feared. You have 
a tooth that has a little black spot. It is 
nothing; but, if you neghsH- it, it will soon be 
the whole tooth that will be decayed. After 
that one it will be the neighbour (f.), and then 
the neighbour's neighbour, and the little black 
sjieck that you have nc^glected will have cost you 
several teeth. If there is a had plum in a 
basket of i)luma, all the plum.s will soon he bad. 
The neighbourhood of a little defect is never 
of no consequence. Vanity seems to he a slight 
defect ; but it is a slight defect that has a very 
nasty progeny. It has for (its) son, falsehood, 
which, unfortunately, is not its only child. It 
has, in addition, two daughters, who are jealousy 
and envy. A mongst their posteri ty they will have 
hatred, which will, in (a) its turn, he the mother 
of many crimes. It is be<iauso of their very 
minuteness that little defects are so dangeroas. 
If they did not look so innocent wo should be 
afraid of them, wo should be on our guard 
against them. Be indulgent towards (11) the 
little defects of your friends, if you are not in a 
position to cure them ; but towards yours, which 
are always under your hand, be implacable. 
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Key to Exercise XXII. 7. Le pardon vaut mioux que la vengeance. 

1. A qui sont ces livres ? Ils aont k mon 8. Les Remains ont lea maitres du monde. 

fr^re. 9. II y avait une fois deux hommes qui 6taient 

2. J’avais bosoin do parlor ^ votro p6re, mais bien pauvres et bien malheureux. 

il n’y etait paa. 10. Lo premier 6tait aveuglo de naissance ; 

3. L’&ne est sobre ot patient ; il serait le plus le second etait paralyse. 

beau des animaux domestiques s’il n’y avait 11. Ils 6taient Tun et I’autre (tous deux) in- 
point de choval. capables de ricn faire. 

4. Les Gaulois etaient braves et robustes. 12. L’aveugle, qui 6tait robuste, porta le 

5. Le Mar6chal Lannes avait 6te teinturier ; paralytique. 

le Mar6chal Ney fut tonnelier avant d’etre 13. Le paralytique qui etait dou6 d’une bonne 
soldat. vue dirigea son compagnon. 

6. Le p6re du philosophe Diderot et celui de 14. Seuls ils seraient morts de faim. 

I’historien Rollin etaient coutclicrs. 15. Unis ils furent a mcme de gagner leur vie. 

Continued 

GERMAN By P. G. Konody and Dr. Osten 


LV. Comparison of Adjectives. As 

in English, the comparison of superiority of 
quality, in monosyllabic and in many dissyllabic 
adjectives (also in participles and adverbs), ia 
expressed by the addition of the suffixes -r or -er 
in the second degree or comparative, and -ft or 
-cjt in the third degree or superlative. ExaiUYiles : 
tveift, bold ; tuift-cr, bolder : tvcill-cft, boldest. 
The superlative is either used attributively with 
the definite article (ter. tic, fcae bvcift-cftc, the 
boldest), and with the inflections of gender and 
declension ; or predicatively, preceded by the 
dative prefiosition am (3) with the corresponding 
termination of the <lative. Examples : (attri- 
butive) ber brcit-cftc the widest table: (pre- 
dicative) bet Xifd) ift am (3) brcit-eftcu (dative), 
the table is the widest [among those compared]. 

1. In accordance with the rule of ein'diony 
the comparative adjectives and adverbs ending 
in -c have only -r added to the positive ; all 
others take -cv. For the same reason adjec- 
tives ending in -cl, -cr, -cii often cast otf the -c- 
in the comparative : cbcl, noble, eb(c)[-cr ; nuftev, 
dark, (xnjt(c)r-cr ; effeu, open, cff(c)u-cv; veitaffcii, 
dejected, »a*lajf(e)ii-cv ; but the -c- is retained 
in befennen, considerate, circumspect, bcfcmun-cv. 

It must be remembered tliat the adjectives 
ending in -cl, -cr, -fit, which cast off the -c- in the 
comparative, retain this vowel in the superla- 
tive : citcl, vain, citlcr, but citelft ; t)citcr, merry, 
^eitrer, l^citcvft ; eben, even, level, ebuer, ebenft. 

2. The superlative is formed by the addition of 

-e(l when the positive terminates in -b, -t, or 
in the hissing sounds : ruiib, round, 

ruub-ejt; naeft, naked, iiaift-efl; fu^, sweet, fu§-c|I; 
movfd), brittle, morfd)-cjl ; proud, jtoU-eft J 

in all other cases it is formed by the addition 
of -ft : feiit, tine, delicate, fciii-ft ; lanrt'fam. slow, 
laii^fam-jt. The superlative of great, gri'g-eft 
(with modification of the vowel) is generally 
used in the shortened form grb§t — attributively 
ber, bic, bad grcjtc, and predicatively am grcjten. 

In the case of many adjectives — especially 
monosyllabics— the compiirison is not only de- 
noted by suffixes, but also by the modification 
of the vowel ; flug, prudent, flug-er, fliig-ft ; Jung, 
young, jiing-cr, jung-ft ; lang, long, laitg-er, lang-ft. 
In compounds tlie same adjectives do not modify 
tbo vowel : meltflug, worldly-wise, mcUflug-er, 



mclttlug-ft; arm, poor, arm-cr, arm-ft; but blutarm, 
anmmic (also miserably yjoor, poor as a church- 
mouse), blufarmcr, bUuarmft ; ivarm, warm, irarmcr, 
marmft ; hut brubmaim, boiling hot, bruljmavmer, 
brut)mavmfr, etc. 

In several adjectives both forms of comparison 
(with and without modified vowel) are employed 
alternatively : blafj, pale, bldifcv, btdjfcft, or blaffev, 
blaifcft ; gefunb', healthy, gcjunber, gefunbeft, or 
gcfuiiber, gcfiinbcft; but the comparative and 
superlative without modification of ilie vowel is 
generally fueferablo. 

3. Trkeiuu.ar CoAirARisoN. The comparison 
of the following adjectives is irregular : 

1, l}0cl), high ; 2, Ijinjcv ; 3, bi?cf)ft (the c is 
omitted in the comparativti) ; 

1, iiabc, near ; 2, ndl)ft ; 3, ndcl)ft (a c is added 
in the superlative) ; 

1, gur, good; 2, beffer; 3, beft ; 

1, vicl, nmcli ; 2, mebv ; 3, mclft (the form 
„mcbi'ft'' is scarcely used) ; 

1, gcring (mcnig), insignificant, little; 2, gev iigcv, 
also miiibcr, mcnigev ; 3, vgcriugft, miuteft, 
mcuigft ; 

1, frill) (also cl)c), early ; 2, frul)cr, cl)cr ; 3, fruf)cft, 
cl)eft (also erft). 

4. The declension of the comparative and 
superlative follows the mode of declension of 
the positive. 

6. The CfiinpHiison of Equality occui’s when 
pel-sons or objects whoso qualities are compared 
are of efpial standiim. It is formed by the 
imrticle ivif, like, as (denoting equality or simi- 
larity), precedetl by the demonstrative particle 
fc or e'bcnfc (as or just as), which is placed before 
the adjective. The adjective naturally stands 
in the positive : :^^rc ^.Hugen maven fo blau, ivte 
ber her eyes were as blue as the sky ; 

mein .&unb iff ebenfe flug, mie ber feinige, my 
dog is just as clover as his. After ebenfo the 
particle of superiority aid, than, is also used, 
but m i e is more correct. 

6. In the Comparison of Superiority the con- 
junction aid, than, isaXu^ayaused : er ifl ^ei^iger 
aid he is more diligent than I. The two 
conjunctions used with the com|mrison of 
equality and superiority, trie and aid, are very 
frequently confounded, even by Germans 
themselves. 



LANQUAOt»-«OiRMAN 


The comparison of superiority is often inten- 
sified by the addition of such words as mucli ; 
fcf)r very much ; bfbeu'tenb, un'c^ewcin, urn cin 
Sfiebeu'tcnbc^i, considerably : cttraiS something, 
somewhat ; U'eit, bci iveitcm, far, by far ; ircnig, dn 
iveui^, a little ; am meiften, mostly ; aUenreni^fien^, 
least, etc. 

For reasons of euphony the adjectives ter- 
minating in -cr, when used attributively, often 
form the comparative with m c 1) r , more, etc. — 
for insbince, llie clumsy comparative of bitter : 
ein bittfvcv-ev (^efc^maif, a bitterer taste, is re- 
placed as in Englisli by : cin n!cl;r bitterer CMefcbmait, 
a more bitter biste ; or by : ein ®eei(bmadf lu'it 
^rc^erer 'Ibttcrfeit (a taste of greater bitterness). 
For the same reason the clumsy superlative of 
adjectives ending in -ifeb is avoided by the use 
of febr, very ; anterfl, un\^emctn, exceedingly ; 
l)rd)ft, most, etc. Instead of the superlative of 
fcbmeicb'lcvifcb, adulatory, cajoling— bev fclpneid)' 
(erife^-efte ; or of vl)anta'ftifd) — bev vl)antaflifd)-e|Ve, 
it is better to use the circumlocution : ber febr 
(nugeniein, bod)|b anbcvft) fc^mcid)lerifd>e, vbantaftifebe. 

LVI. Numerals [see XXXll.]. Tlie 
Ordinal Numerals^ substantively or adjectively 
used with the definite, and sometimes with the 
indefijiite article, are derived from tlie Cardinal 


Numerals [page 2050], and are formed by the 
suffix -tc ad<ledto the numerals from ltol9, and 
-He to all others. Plxce})tions to this rule are 
the ordinal numerals of 1, ctiiet, 3, brei, and 8, ad;t, 
which are formed: bercrftc, berbritte, ber 
a dy t e. Thus the ordinal numerals are : 


ber fieb^etpite 
ber ad)tgc^nte 
ber nenn^ct;nte 

bev j^tranji^fte 
bev einunb; 

gmanji^ f t e 
ete. 


ber c r f t e ber neun t e 

ber gweite ber gel^nte 

ter brittc bev clfte 

ber bierte ber gmelftc 

ber funfte bev breigebnte 

ber feebbte bev bievgebute 

ber (ii'ben t e ber funfgcf)n t e 

bev ad)te ber fed)ge()ute 

The ordinal numbers added to the name« of 
king.s, etc., are written in Roman figures witliout 
tlie article, as in English, but when pronounced 
the article must not be omitted : T^ie ^vaueii 
-l^einvic^ci VITI. (the wives of Henry VIIT.) is 
pronounced bie ffraiien -Oeinrid^b beef 9lchtert. 

Tlie declension of the ordinal numerals follows 
that of the attributive adjective [see XXVI.]. 
They can be cmjjloyed as such with the indefinite 
article and the case ending : ber gel^nte, the tenth, 
and cin gel)n t e r. 

LrVII. Derivatives of Numerals. 

From the cardinal numerals are derived ; 

1. TJio Distributive Numerals, by use of 
the adverb j e : ie funf, by fives ; je gefjn, by tens, 
ten of eacJi. This form is also employed with 
ordinal numbers : je ber erfte, je ber ge^nte, imply- 
ing the first, or the tenth, in each group. The 
distributive numerals are subject to declension, 

2. Rejteratives are formed by the addi- 
tion of the substantive -mat (times) : ein-mal, 
gibei-ma(, brei-mal, etc., once, twice, thrice, etc, ; 
and also in connection with the indefinite 
numerals bifl, much; ntanc^, some; fein, none; 
einige, several, a few. Examples : biel-mal, 
many a time, often; tnandj-mab sometimes, 
fein-wab never; einige-male, several times; afie- 


mal, always ; ein a- couple of times. 

When used as attributive adjectives, they are 
declined as such [see XXVI.J-- c.g'. .* nach brei 
malig-cm @turmlauf, after three .assaults [thrice 
undertaken] ; ba«fi»malig c signal (weak, with the 
definite article), and cinmalig- cb signal (strong, 
without article) genugte. one signal [the signal 
once given] siifiiced. 311al is also applicable to 
ordinal numenils : gum cvftcn, gtvciten, bvittcu male, 
etc., for the first, secoiul, third time, etc. 

3. Multtplicatives are formed by the addi- 
tion of -fad), -faltig (or -faltig), -fold, indicative 
of multiplicity : gmci-fad), brei-fad), l)iiubert-fah, 
l)imbcvt-faltug, etc., twofold, threefold, a hundred- 
fold, etc. ; also with indefinite mnn(*rals : 
vielfad), bielfaltig, mannigfaltig, mannigfad), many- 
fold. They are used as adjectives and declined. 

4. Variative Numerals are formed by the 
addition of the siilfix -erlci, wJiich indicates 
variety, kind, etc. : cin-cvlci, gtrci-crlci, of one 
.sort, of twj) sorts ; and with indefinite numerals : 
bict-crlfk mand)-crlfi, mcl)V-crlfi, all without de- 
clension and employ tul adverbially. 

5. Dlstinctives are derived from the ordinal 
numerals by the sufiix -nci or -cub ( ly) : cijtcnei, 
gmeitems brittcne<, firstly, secondly, thirdly, etc. 

6. Fractional Numerals are formed by the 

sufiix -tel, an abbreviation of the substantive 
icil, ]>art, added to the numerals from 1 to 19 
(the t is dropped in 8: Wifit-el; cin Trtttd, one- 
tliird, is irregular) and -jlcl to the numerals from 
19 upwards: ein isa'inf-tcl, one-fifth ; bvi^i )?ld)t-cl, 
the eighth ; ein ;firangig-ftel, one-twentieth. The 
bisection of one (1) is denoted by cin >>alb (half) : 
ein l)alb-ee! -i^ntjn, half a chicken (aseil ailjectively 
and declined) ; gmeieinljalb ^'fnnb, two pounds 
and a half. The division with halves can also be 
exjn’cssed by the dir(3ct amalgamation of 1) a I b 
witli the ordinal numeral ; two and a half can 
be denoted by britt(f)()alb, in the sense of three 
with h.alf of the last unit mis.sing ; incrt(e)l)alb, 
three and a half, etc. One and a half is ex- 
pressed by anbertbalb, anbev (the other one) being 
an ancient word for “ the second.” alb, half, 
and gang, whole, when used as adjectives, are 
declined ; the other frnctionals add only -Cf in the 
genitive singular, and remain nn.altered in all 
other cases. .fi>alb jnecedes the article, 

but must a^imys follow' it: cine balbe (Etiinbe, half 
an hour; ein l)albev ilag. h.alf a day; etc. Jpalb 
and (Wving take no article before geographical 
names: Ijalb (Sure va, li.alf Europe ; gang ^Imeiha, 
the W'hole of America, et-o. 

LVIII. The Indefinite Numerals, mcnig, 
a little ; t?ief, much ; all, allctS all ; cin vaav, a few ; 
einige, some, several ; jcber, ieglttfier, jebmeber, 
everyone ; niand)cr, many a ; feiner, none ; etlidje, 
sever.al, are used as substantiv(?.s and as attri- 
butive adjectives, and arc declined .as such. 
But trenig. little, and »icl, much, remain at times 
undeclined when used poetically : 95icl <5teinc gab^ 
(vgab eg) nnb trenig SSroblaibc, literally tr.an8lated: 
Much (instead of “many”) stones there were 
and little (few) loaves of bread. ®enng, enough ; 
nidHdf nothing ; in^gefamt, altogether ; me^r, 
more; treniger, less, are not subject to declension. 
SBeibe, both, is declined like an adjective and is 
never followed by an article or pronoun : b i c 
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^eibeu SWdnner, both men, but never beibe bic 
SWdttitcv ; mcinc bcibcn ^C'()ue, my two sons, 
but not bcicc mcinc *3ol)uc. ^^cibc is also used 
substantively : 33cii>e mavcn cljrlic^c SDldnncr, both 
were honest men. 

EXAMINA^TION PAPER XV. 

1 . Which suffixes denote tlie comparative and 
the superlative in the comparison of 
superiority, and is there any difference in 
the suffixes thus employed in English find 
in Gennaii ? 

2. Which preposition must be used with the 
superlative of adjectives used prcdicatively ? 
What is then the case of the adjective ? 

3. How does the consideration of euphony 
affect the c{jmparison of superiority of 
adjectives ending in -cl, -cn, -ct ? 

4. Which adjectives bake the suthx -eft in 
the superlative, and which only -ft ? 

5. What rule concerns the formation of the 
superlative of adjectives ending in -cl, -cn, 
-cv, which cast off the -c- in the comparative ? 

6. Which adjectives modify their stein-vowcl 
in comparison, besides biking a suffix ? 

7. When do they not modify their stem-vowel ? 

8. Which adjectives are ii*rcgularly compared ? 

9. Which is the conjunction used for the 
comparison of e(piality, and by whfit other 
word is it generally preceded 1 

10. Whicli conjunction has to bc5 employed for 
the comparison of superiority ? 

11. How do the rules of euphony affect the 
format it >n of the c< Miiparative and super- 
lative of adjectives terminating in -er '^ 

12. How are tiie ordinal numerals from 1 to 19 
and from 20 upwards formed / 

13. Which ordinal numerals correspond to tlie 
cardinal numerals 1, 3, S ^ 

14. Which additions to the cai'dinal numerals 
servo to form tlie distributive, reiterativt?, 
multiplicative, variative, distinctive, and 
fractional numerals '! 

15. What difference is to be noted in the use 
of the article with tlie fractional numerals 
halt, half, in English and in German 1 

16. What is the origin of the addition made t<» 
the cardinal numerals in the formation of 
the fractional numerals, and how is this 
suffix spelt in the numerals from 1 to 19 and 
from 20 upwards ! 

Exercise 1 (a). Form the comparative of 
the following adjectives: 

Xifcl) ift breit. :T'a<5 (ceil ift bid. 39em 
The table is broad. The rope is thick. The wine 
ift fein. T)ie Oh'fc ricebt berrlicb. faufteu 

is fine. The rose smells splendidly. We bought 
ftbihie (S'v fab traiirii] aiief. JDer v^^immel 

beautiful flowers. He looked sad. The sky 
ift bufter. Ter 3Baum ift fabl. ttwiv lefr. 

is dreary. The tree is bald. The lock was loose. 
aWeitt 'Itfcvb ift ebcl. aWeiu aSfab ift tjon eblcr 
My horse is noble. My horse is of noble 
Slbflammuut^ (Sr fanbtc niiv cinen fliufen ©cten. 
descent. He sent mo a (pick messenger. 

fal; cin f(blanfci< ai?dbcl)en. T'le .^er^e branntc belf. 
I saw a slender girl. The candle burnt brightly. 


aWeiu papier ift weig uitb ift gelb. 

My paper is white, and yours is yellow. 

Olcttc iicute jinbet man fcltcn. 

Nice people are rarely (to be) found. ' 

(6) Transpose the following positives into the 
comparative and superlative : 
iDad a>fcrb (duft fcbnell. Tic (Sonne 3talicne( 
The horse goes [runs] swiftly. The sim of Italy 
fcbcint b<^ll. 3ct) toobnc nabc, Ter Ton flln^t 
shines Vnightly. I live near by. The note sounds 
vein. Tae( .Htiib Icrnt ficij}ij.p Ter ^^allon 
pure. The child studies diligently. The balloon 
ftci^t bcd>. 
rises high. 

(c) (lhange the following positives into super- 
latives • 

Ticfeei .ftinb ift citel. Tie 3trabe U'ar cben. 

This child is vain. The load was level. 

Tie (^efcllfdiaft ift frdbliib unt beitcr. Ter tiefc 
The company is gay and merry. The deep 
'Brunneu u\n* and) bvcit. 'iltau utn^ norfid'tuii fein. 
well was also ivide. One lias to bo careful. 
Ter Turm ift bod'. Tac( bebc foftet oicl. 

The tower is high. The higli house costs much. 

3d> babe' tao c^ite gcfaiiff. 

1 have bought the good horse. 

Ter eblc 'I'Jciii fdjnieift i^nt. 

The tine wine tastes well. 

(d) Fill in the missing words and suffixes. 

3d; bin . . . iV’of; . . . bn. 3d> bm ctrcf;cr . . . bu. 
1 am as tall as you. 1 am taller than you. 

'3ic jinb licbemni'urbi.'i . . . 3bve 3dni'e|ler. 

You ai*e just as amialde as your sister. 
3ie fine liebcn.Mi'iirbiv^cr . . . 3br 'Bnibev. Ticfer 
You arc more amiable than your brother. This 
(3c^ulcr ift ii'enii^er jtfifdvl . • • icner, oh^lcid; cr 
[)upil is less diligent than that one, though he 

alt ift ... cr. Taa .'hvivir bci) 3)ldbd'ene{ 

is just as old as he. The hair of the girl 
irar . . . lid't . . . cin .HoviiKlr. Tao .'baar bco 3Jldbd;rno 
was as fair as a cornlield. '^Dio liair of the girl 

mar Ud'tcv ... ciu .kcrufclb. 
was fairer than a cornffidd. 

Exercise 2 (a). Form the oidinal numbers 
of the following figures; 

3cf| U'vir ber 15 . . . in ber dtcibc. Ter Cffipcv 
I was the tifteenth in the row. The officer 
hm itucrft ben 3 . . . 3hnncn nub bann ben 8 . . . 
read first the third name and ilien the cightli. 
mar am 21 ... . ilWai. 

It was on the 21st of IMay. 

Vluf meltben Tav^ ber 39cd)e fdltt ber 1 . . Vlpril? 
On what day of the week falls the 1st of April? 
(What day of the week will April .1 be?) 

(6) Spell the following fiactional numbers : 

h h 6- h h :;\j» A .; express 

the following in figures; anbertbaib, fuuft(c)^alb, 
mevt(c)bvilb, fed)eit(c)l;alb, britt(c)balb. 

Key to Examination Paper XIV. 

(Page 2928) 

Exercise. 3cfe blic^ bic Tvembete; bu cmpfin^jl 
; tie Jeinbe fluften ben Dffisici* ; (Ic gcficl tnir ; 
bad ilinb miid;d; bic Rrancu mufeben bic SBafebe; 
mcr riff micb? Tu licfjl febneft ; cr fticp wicb ; mann 
famt i^r? Ter ^urfebe log; er febmur cinen C?ib. 
abad taten @ic ? 3cb ertrug ed. 2Bir famen cben nad^ 
^aufe ; id) tat mcinc ^pflicbt. 
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By Professor J. R. AINSWORTH DAVIS 


ITTSHES are aquatic, cold-blooded vertebrates, 
* with a defensive armour of scales or bony 
plates embedded in the skin. They breathe 
throughout life by means of gills, which are deli- 
cate folds or filaments connected with openings 
(gill slits) in the sides of the throat. Flattened 
expaasions of the body — i.e., fins— are present. 
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340. PIKED DOGFISH 

A. Dorsal tin B. Tail tins C. Pelvic tin D Pectoral fin 
Photogruphed by Prof. B. II. Bentley 


some of which, unpaired^ are in the middhi 
line, while others, paired, correspond to 
the fore and hind limbs of amphibians, etc. 
All the fins are supported by firm rods, the 
tin-rays. 

Classification of Fishes. Four orders are 
recognised — namely, (1) Sharks and Rays { Klas ’ 
Tnohranchii ) ; (2) Knd-motjthed Fishes (Teleo- 
stomi), divided into the three sub-orders of (a) 
fringe-linncd fishes {Crofiso]ii,eryyii)f (6) stur- 
geons and their allies {(Janoidei), (r) bony fishes 
{Teleostei), including the most common forms — 
for example, salmon, cod, ma,ckercl, eel ; (3) 
Lung Fishes {Dipnoi ) ; (4) Lampreys and 
Hags {CyclosloiruUa,). The hist two ordi‘rs diifer 
so much from the others that they are often 
considered as separate? classes. 

Order 1. Sharks. The sharks and their 
small allies, tho dogfishes, arc the typical 
members of this order [340]. The body is 
spindle-shaped, and well adapted to make its 
way through the water by wriggling movements 
from side to side. Propulsion is furthered by 
tho largest of the unpaired fins — i.e., tho caudal. 


or tail fin, in front of which, on the uppiM* side 
of the body, are two others of similar kind, tho 
dorsals, which help to balance the tish in the 
water. Tho front pair of paired fins (pectorals) 
are capable of a certain amount of movemonl, 
and help in steering the course, while the hinder 
paired fins (pclvics) are subordinate aids to 
swimming. 

Tho nnsymmeirical shape of the tail fm is 
particularly noteworthy, and is well sei*n both 
in the illustration of a doglish [340] and that of 
a porbeagle shark [3411. These en?atures are 
chiefiy ground-h^eders, and when they swim 
forwards without steering this sort of tail 
enables them to move directly downwards to the 
sea floor, which constitutes their chief ariM of 
operations. Rut by appropriate moviMuents of 
the pectorals they can also swim straight ahead 
or obliquely upwards as may be desired. 

Jt is characteristic that in members of this 
order the month should be on the undiT side of 
the head, a somewhat ineonvimient situation, 
siniro to seize its prey tlie fish is obliged to turn 
over on to its back. Five gill slits arc visible 
on either side in front of the pectoral fin [342], 
and just behind 
the eye there is an 
aperture known as 
the spiracle, whkh 
is the opening of a 
gill slit that is 
losing its use as a 
breathing organ, 
and serves to (Con- 
duct waves of 
sound to tho in- 
ternal organs of 
hearing possessed by tlieso fishes [340 and 342J. 

Tough Skin and Flesh. Tho skin of a 
shark or dogfish is extremely rough, owing to tho 
presence of little bony structures, the placoid 
scales, which closely resimiblo teeth in nature. 
Indeed, near the edges of the jaws they gradually 
pass into te(*th. which may be considered as 
evolved from modified scales — from which it 
follows lhat th(’ possi^ssion of 
teeth by mammals, rcptile.s, 
and amphibia fioint.s to their 
descent from tish -like ancestors. 
Owing to tho fact that tho 
skin of a shark is full of sharp 
scales, it is capable of being 
used, under the name of 
“ shagreen,” for various polish- 
ing purposes. The skin is also 
used in tho manufacture of a 
kind of leather employed for 
0. Jaw8 ornamental purposes. 



341. SKELETON OP PORBEAGLE SHARK 
>4, Dorsal fln P. Tallfln C. Pelvic fin D. Pectoral flu f. GUI arches F. Eye 



342. HEAD OP SHARK 
Showing (^) five gill silts 
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Sailors have long been in the habit of indulging 
in shark steaks, and the question has lately been 
raised as to whether dogfishes, the plague of 
fishermen, might not be used as food. The 
question can no doubt be answered in the 
affirmative, and, as a matter of fact, these fishes 
are often exposed for sale in some of our ports — 
Dover, for example. 

Rays and Skates. These well-known 
fishes [848], rhomboidal in form, with a long, 
slender tail, are closely related to the sharks and 
dogfishes, with which they are connected by a 
series of transitional forms. They constitute an 
important article of diet. The edible part, from 
which “ crimped skate ” is prepared, consists of 
the triangular sides or “ wings ” of the body, 
which are no other than the enormously enlarg^ 
pectoral fins. Sharks, dogfishes, and skate alike, 
are “ gristly fishes,” their skeletons being mostly 
composed of gristle, commonly hardened by 
the deposition of salts of lime. 

The eggs of these forms are large, owing to 
the presence of a great deal of nutritive matter 
(food-yolk). They are fertilised internally, and 
may either develop within the body of the mother 
or be laid in horny cases, known popularly as 
“ mermaids’ purses ” [369 a and b.] 

Order 2. End-mouthed Fishes. The 
name of this order is derived from the fact that, 
as a rule, the mouth has been shifted forwards 
to the front end, which is undoubtedly the most 
convenient place for it. The gill slits are pro- 
tected by a flap, the gill cover or operculum, and 
the skeleton is more or less bony. A swim- 
bladder containing air is commonly present, its 
primary use being to help in balancing. 

The three sub-orders must Imi considered 
separately. 

(a) Fringe-finned Fishes. These an- 
cient forms are so called because the paired fins 
are in the form of large paddles bordered by a 
membranous fringe supported by fin-rays. At a 
remote epoch of the earth’s history they were 
represented by numerous marine types, but by 
pressure of competition were CTadually driven 
into estuaries and rivers, and now only in- 
clude two freshwater African fishes. These are 
the bichir of the Nile {Polypteriis) [348] and 
the slender reed-fish {Calamoichthys) [372], which 
lives in the rivers of Old Calabar. These forms 
are covered by rhomboidal bony plates, the tail 
fin is rounded, and there is a series of little 
finlets, each supported by a strong spine in front, 
running along the middle of the back. 

(h) Sturgeons, etc. Here are included a 
small number of primitive fishes inhabiting 
the fresh waters ana estuaries of the Northern 
Hemisphere, and in many cases so dissimilar 
that they would not be grouped together 
if it were not for the evidence afforded by 
extinct forms. This clearly shows that they 
are the surviving remnants of what was once a 
domi^nt marine group, and owe their preserva- 
tion to the fact that they have taken refuge 
in the waters of the land, where the struggle for 
existence is not sd keen as in the sea. 

We may employ the term “ ray-finned ” in 
desoribing these fishes, for the thickened bases of 


the paired fins are largely absorbed into the 
body, BO to speak, while tneir projecting parts are 
thin and support^ by diverging fin -rays. The 
bony pike {Lepidosteua) of North America is 
clothed in bony armour, and its strongly toothed 
jaws are drawn out into a sort of narrow beak 
[350]. The widely distributed sturgeons are dis- 
tinguished by the possession of a long snout, 
used apparently for stirring up mud in order to 
secure worms and other small creatures as food. 
The small mouth is on the under side of the body, 
as in sharks, to which another resemblance is 
afforded by the extremely unsymmetrical tail, 
in relation to the ground-feeding habit. Armour 
is sometimes entirely absent, or may bt? repre- 
sented by large keeled plates, as in our only 
native form, the common sturgeon (Acipenser 
sturio) [346] sometimes to be seen in fish- 
mongers’ shops. The swim-bladders of European 
species are made into isinglass, and their hard 
roes are salted to be sold as caviare. 

The bow-fin {Amia) of North America is not 
so archaic in appearance as the forms so far 
considered. The tail is rounded, and the body 
covered with thin flexible overlapping scales [354]. 

(c) Bony Fishes. This large and dominant 
group, which still appears to bo on the up grade, 
includes the great majority of existing species, 
and represents the most perfect product of evolu- 
tion, so far, along the fish line. It is true that 
sharks and rays (including something less than 
300 species) are still flourishing, but the im- 
portant forms now to be considered embrace no 
less than 7,(X)0 species, in round numbers. 

The distinctive characters of bony fishes can 
largely bo explained as adaptations to swift and 
accurately directed swimming. Some of them will 
readily be appreciated by examination of a 
herring [355], trout [356], or mackerel. The 
body is shaped like a rounded wedge, somewhat 
flattened from side to side, and eminently suited 
for sliding through the water with the minimum 
of friction. 

Friction is still further reduced by the covering 
of thin flexible homy scales, bathed in a slimy 
secretion. Propulsion is effected by lateral 
undulations of the body, the effect of which is 
greatly enhanced by the powerful tail fin. The 
cumbrous armour-plating of the more ancient 
types has of necessity been abandoned, though 
it hfiis been reacquired by a few sluggish forms, 
and safety from foes is sought in speed rather 
than in defence. But as Adequate support is 
required by the body and firm attachments 
for the powerful muscles, the loss of a strong 
external skeleton is fully compensated for by the 
presence of a very elaborate internal skeleton 
largely consisting of bone [357]. 

The task of supporting the body in the water 
is to some extent lightened by the presence of 
a swim-bladder situated immediately below 
the backbone, obviously the best position for 
maintaining the balance. This organ is in 
reality a pouch which grows out from the 
front part of the digestive tube, with which 
it may remain connected throughout life, as 
in the herring, or else get separated off, as 
in cod. 
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Parachuting Fishes. It is particularly 
interesting to notice that in these fishes the 
tail fin is externally symmetrical, so that in un- 
steored swimming the course is straight ahead. 
A remarkable exception is afforded by the flying 
fishes, where the forked tail is markedly un- 
syra metrical, but with a large hwer lobe, clearly 
for the i)urpo8e of giving an upward tendency 
to undirected swimming [SSS]. And it is well 
known that these fishes, especially when pursued 
by their eneinicH, are in the habit of rising out 
of the water, and remaining for some time in the 
air, to which their enormous fore fins, used as 
parachutes — not as wrings — offer a very large 
supporting surface. 

There can be no doubt that backboned animals 
were originally evolved in the sea, and it is 
therefore only to be expected that the organs 
of rcs])iration and circulation in fishes should 
have become adapted to an aquatic life. 
Indeed, as we have previously had occasion 
to notice, the backboned animals of the land 
have been obliged to grapple with the difficulty 
of modifying tlie fish typo of circulatory organs 
to suit the exigencies of terrestrial life. Am- 
phibians and reptiles have done this to some 
extent, but only birds and mammals have 
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completed the process, and it is to this fact that 
their success in life is due. 

Structure of Gills. Anyone who takes 
the trouble to lift up the gill cover of a 
herring or other bony fish will at once see several 
comb-shaped aggregates of scarlet gill filaments, 
collectively presenting a large surface for the 
purification of the blood [366]. They are 
attached to narrow bony bars, between which 
are the gill slits. The course of the water used 
in breathing can easily be observed in an 
aquarium of goldfish. It is taken in at the 
mouth, passes through the gill slits over the gills* 
and thence to the exterior. The heart receives 
impure blood from all parts of the body, pumps 
it to the gills for purification, 
and from these it flows to all 
the organs. 

Many points in the life ^ 
histories of bony fishes are 
worthy of special study. The 
small eggs are fertilised ex- 
ternally, and in the large 
majority of marine species 
float on the surface of the 
water, though some of them 
—for example, those of the 
herring, are sticky and adhere 
to stones, etc., on the bottom. 
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In some of the shore fishes, such as the little 
blennies, they are enclosed in protective capsules 
1 369]. The fry, or larva?., wffiich hatch out from 
the eggs arc very unlike the adults in appearance, 
and have to pass through many changes before 
acquiring the characters of the species to which 
they may happen to belong [360]. Both eggs 
and fry are eagerly sought out as food by a host 
of enemies, but they are produiied in immense 
numbers, so that extinction is prevented. The 
hard roc of a cod, for instance, has been calculated 
to produce over nine million t'ggs oaiffi season. 

Colouration. The colouration of fishes is 
to a large extent protective, rendering them 
inconspicuous by harmonising with the sur- 
roimdings. Seen from above, the darker upper 
side is confused with the dark sea-floor ; seen 
from below, the white or pale under surface 
blends with the glimmering background caused 
by the penetration of light into the wat/cr ; 
seen from thi? side, the “ reversed shading ” 
takes away from the appearance of solidity, as 
already described for many of the backboned 
animals of the land. In many cas(?s the colours 
change to suit different surroundings. During 
the spawning season some fishes, usually the 
males, assume bright courtship colours. The 
most familiar example is that of the little stickle- 
backs {OafiterosteMfit) of our inland streams [361], 
in which at this time the male (then known as a 
“robm”) arrays himself in a scarlet livery, 
and is unusually pugnacious, fighting to the death 
other suitors who attempt to interfere. 

Care of the Young. Parental affection 
among fishes is usually notorious by its al)scnce. 
But to this there are some honourable exceptions, 
and in such cases fewer eggs are produced, 
for each has a better chance of hatching out 
into a larva destined to attain maturity. In 
one of the freshwater cattishes {Aspredo)^ 
for example, the eggs are attached to the 
roughenecl under surface of the mother’s body. 
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Strange to say, however, it is to the paternal 
side that we must mostly look for examples 
of the care of eggs or young. The sticklebacks 
are well known in this connection. The male 
constructs a muff-shaped nest, made up of 
fragments glued together by a sticky secretion 
of the kidneys | 361|. In this his wives lay their 
eggs, which he jealously guards till they hatch 
out, a jwocedure renden'd necessary by th<^ 
depraved cannibalistic tciKhmcies of the femalt‘s, 
and when the tiny fry em(*rge ho protects tluun 
for some time. The mule of the curious little 
seahorse {Hip^HK'atnpu.'i), which liolds on to 
soawmls by means ef ils curly tail, has a sort 
of pouch on the under sid(^ of the body in which 
the eggs pass tlirough their development, and 
which serves as a city of refuge for the fry [3451. 
The same is true of the pi})e-lish 
{Spn^nathit.'i), a related form 1370). 

Salmon and eels an^ curious in- 
stances of precautions taken f(U‘ the 
benclit of the rising 
generation. It is a 
familiar fact that the 
former ascend riv(‘rs 
to spawn, th(^ eggs 
being d(;positcd in a 
sort of trench scooped 
out in the gravel o?' 
sand at the bottom. 

true of eels, for it has beeti discoveri'd of late 
years that they descend rivers to spawn in the 
deep sea, from which later on the litth' “ elvers ” 
Hiturn to the proper home of the sp(!ci(*s. 
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Adaptation to Circumstances. The 

great bulk of bony fishes resembk; the herring 
and trout iii shape*, hut then* are, of counse, con- 
siderable differences in detail, which may be 
illustrated by comparing tlu^ l)lunt-hcad<*<l 
gurnards (388) with the sharp-snouted sword- 
lishes (349). There are also ve'ry (considerable 
variations in the charach*!* of the tins, and (‘vim 
their nuniher in tlu^ ease of those which are un- 


paired. I’he original position of the hind tins 
ipelvics) appears to have been pretty far back 
1356], but tlu*re is a tendimcy for tlu'm to shift 
forwards, till in .some cases they li(». under the 
throat [357], being actually in front of the 
foro fins (pec- 
toniis). 

But there are 
far more consider- 
able deviations 
from the average 
typo til an thosi* 
just mentioned. 

Sometimes the 
body is long and 
narrow as in pipe - 
fishes [370] and 
cels. In the former 
an advantage is 
gained when prey is being stalked on the 
sea-floor, for a body so shaped is very incon- 
spicuous when seen from the front. The 
slimy cylindrical eel can easily wTiggle through 
mud in the search for worms and molluscs. 
The seahorse {flipiMfcampus) [345], a fairly 
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near relative of the stickleback, is sufficiently 
remarkable. The long axis of the body is here 
directed upwards, and the head has h(‘en sharply 
bent down, as otherwise it w^ould ho in an un- 
favourable position for seeing and seizing food. 
This curious little fish is able to swim in a vertical 
position by the rapid mov(*m(*nt of the dorsal fin 
from sid(* te side. 

Methods of Securing Food. Some- 
tinu's the head is of disjiroportionato size, 
as in sonui forms which ai (* not good swimmers, 
but lurk under stones or elscwlu'ie on the look- 
out for prey. The bullh(*ads of our shores and 
streams are (*xamples of this. A st ill more con- 
spicuous case is that of the anglcr-fish or fishing- 
frog (Lophius) [364], wdiieh half huri('s its(*lf in 
sand or mud, awaiting the approach of little 
fish(*s, which are attracted by a ])eeuliar “ lure ” 
constitutc'd by a much elongated fin-ray with 
a. flap at the (*nd. Such curiosity is commonly 
fatal, and th(*v(* is no escape from t ho luigo mouth 

with its long, 
sharp back- 
wanlly-cuirved 
te:*th, wdiich 
bend down to 

360. WRA.ssE JUST HATCHED f ac i 1 itatc 
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almost impossible. There are some deep-sea 
anglers in which tluj lun^ is phosphorescent. 

Sometimes the body has acquired a rounded 
sbajx*, as in t he globe tishes ( /h'ndoti and TftrnHnn) 
of tropical seas [363J. Tlusso are able to blow 
themsclv(*s up wdth air, and drift about back 
downwards, with their sharp spines c*rect(*d 
ter defensive purposes. The coffer-fish {Ostm- 
(ion) also deviates from the normal type, and 
is further distinguished by its armour of bony 
plates [352]. 

A considerabh^ number of bony fishes are 
fiat in shape, the flattening being from sid(; 
to side, not from above downwards, as in 
skates and rays. Some such forms — e.gr., the 
John Dory {Zenss fah(>r)^ swim with the body 
vertically dispost^d, and are likely to escape 
the notice of prey which happen to be in front 
of them ; but the flat fishes par excellence 
(turbot, sole, plaice, ete.) are ground forms 
which, so to speak, lie down on the right or left 
side of the body, and either shuffle along or 
swim by undulating movements. In a plaice, 
for example, the chirk surface of the body, 
mottled with orange syiots, is not the U]iper 
but the* right side [362), while pale left 

JOOl) 




NATURAV HISTORY 

side [363] is directed downwards. It is obvious 
that the left eye, if retained in its proper place, 
would not merely be useless but liable to injury 
by friction against the sea- floor, and in the 
course of development it moves round the 
edge of the head on to the right side. To begin 
with* the young fish is symmetrical, and swims 
in the usual fashion, but gradually becomes 
lop'Sided and takes to living o.i the bottom. 
It is then that the left eye shifts its position. 
In most flat fishes both 
eyes are on the right 
side, as in the plaioi*, 
but in turbot and brill 
they are on the 

The most remarkable 
and weird- looking bony 
fishes live at great 
depths in the sea, and 
suggest dream visions 
caused by acute indi- 
gestion rather than 
matter of fact living 
beings. We give illus- 
trati ons of s t omi as 

[366] , m a 1 a c o s t e n s 
[373], macTurus [374], 
and s a c c o p h a r y n x 

[367] . They arc ex- 

tremely voracious, with huge mouths and busi- 
ness-like teeth, and th(;ir eyes arc either very 
large or much n'duced, somctinu‘s indeed absent. 
Many are studded with phosphorescent organs, 
and without light of this kind, supplied by 
various creatures, the abyss of the ocean 
would probably be pervaded by the profoundest 
gloom. Probably tlu'se unfortunate e-rcatures 
have been driven into the deep sea from 
shallower waters by the stress of competition, 
and their peculiar (jha- 
racters an? adaptations 
to an iin usual sort of 
life. Eyes capable of 
improvement have 
gradually acquired an 
enormous size, while 
eyes incapable of this 
have been more or less 
reduced. 

Order 3. Lung 
Fishea. It may be 

taken as an axiom that 
in all cases where more 
or less impure blood is 
separated by a thin 
membrane either from 
air or from water in 
which air is dissolved a certain amount of 
respiration will take place — that is to say, oxygen 
will diffuse into the blood, and the waste product, 
carbonic acid gas, will diffuse out of it. The 
,8wim-bladdt;r of fishes offers an opportunity of 
this kind, for numerous blood-vessels run in. its 
walls, and it contains air, or a mixture of gases, 
of which one is oxygen. It is well known that 
in the Polyptcris of the Nile, the bow-fin of 
the North American lakes, and certain bony 
j^es inhabiting fresh water, breathing is 
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furthered in this way. The process has gone 
a stage further in the lung fishes, which are at 
present represented by three freshwater ft 3 rpes, 
the insignificant remnant of a group that was 
onco dominant in the sea, and would have 
become entirely extinct if some of its members 
had not taken to live in the waters of the land. 
These types are the eel-shaped mud-fishes of 
West Africa (Protopferm) and South America 
(Lepidosiren) [351], and a Queensland form 
(Ceratodm) \ 344]. In all 
these the swim- bladder 
has been converted into 
a regular lung which 
returns purified blood 
to the heart. The 
African form lives in 
streams which are liable 
to dry up, and were it 
not for the possession 
of a kind of lung capable 
of breathing air would 
perish during the diy 
season ; whereas it re- 
mains embedded in the 
mud in a torpid state 
till the rains return. 
They are eat^n by the 
natives, who dig them 
out of the mud. Enclosed in their covering of clay, 
thc^y have been brought alive to this country. 

The Queensland Jung fish Jives under sonn?- 
what different conditions, for its native rivers 
do not entirely dry up, but are rcdu(?cd to a 
s<‘ries of deep lioles eonneeted by mere trickles 
of water, fl’lieso holes become so foul from 
decaying v(^getatiou and dead fish that the 

possession of a lung is a vital matter, and if the 

ceratodus were not able to come to the surface 
and breathe air it would 
probably succumb. 

Order 4. Lam- 
preys ' and Hags. 
These eel-shaped forms 
are represented in 
Britain by the fresh- 
water lampern {Pet- 
romyzon fluviafilis)^ the 
sea lamprey (P. marinus) 
[374], and the marine 
iiag-tish (Myxine ghxli- 
nosa) [347]. All of these 
are jawless, and the 
mouth is in the middle 
of a sort of sucker, 
studded with horny 
teeth, some of which are 
also present on a so-called tongue. By means 
of the sucker they attach themselves to living 
prey, scraping away the flesh with the tongue. 
PRIMITIVE BACKBONED 
ANIMALS 

There are three chief features by which 
backboned animals are distinguished — namely, 
(1) the central nervous system is tubular and 
situated near the upper side of the body ; (2) 
underneath part or all of this a longitudinal 
supporting rod, the nptochord^ is present at 




364. Angler Bsli {Lophins) 366- Stomiae 360. GUIs of Perch 307. Saccopliarynx 368. Gurnara iPrionotm) 369. Mer- 
maldi’ Purses (a Dogash ; B. Skate) 370. Pipe-fish iHyngnathua) 37 1 . Macrurus 372. Reed-fish iCalamoichLkya) 
378. Malacosteus 374- Lamprey {Petromyzon marinua) 

A. Pectoral fin C, 0111 cover £. Pouch T. Gills 0, Nostril H. Gill slits 


3071 


NATURAL HISTORY ^ 

some time or other during life, being, as a rule^ 
entirely or partly replaced by a backbone in 
the adult ; (3) the throat is perforated** by 
gill slits during part or all 
of life. If these characters 
are taken as tests the 
backboned animals include 
not only mammals, birds, 
reptiles, amphibians, and 
fishes, but also three other 
groups, the members of 
which are unfamiliar to all 
but specialists. Tliese are: (1) Lancelkts 
(Cephalochn-da) ; (2) Sea- 
sQuiETS or Ascidians ( Tuni- 
cata); (3) Acorn-headed 
Worms (Hemchordai), etc. 

Lancelets. The 
Lancelet {Amphioxus) [3761 
is a little flattened animal 
some two inches long, of 
very wide distribution, and 
formerly considered as a 
primitive sort of fish. It 
is in possession of all three 
characteristics mentioned 
above, but, like the 1am- 
370 preys and hags, and all 

SIMPLE SEA-SQUIKT backlxined ani- 

* mals, IS jawless. It is 

™?irenthe»awr‘" sharply pointed at either 
end, whence the name, 
and burrows in shallow water whore the sea 
bottom is sandy. Wlien feeding it is embedded 
in the sand in a vertical position, and water 

fa) 



376. LANCELET (Amphioxus) 
Tjiil fin B, Mouth 


out, which satisfy all three of our tests 
except that the notochord is limited to the 
tail region. Later on they become attached, 
lose their tails and noto- 
chords, and at the same time 
the central nervous system 
becomes reduced. We have 
here, in fact, a good example 
of degeneration, due to the 
enervating influence of a 
fixed or sedentary life, 
which reduces the necessity 
for individual effort. 

Many of the sea-squirts are colonial, consisting 
of a number of individuals 
connected together, and the^e 
may be either attached or 
free-swimming [378]. 

Acorn- beaded 
Worms, etc. The best- 
known members of this small 
group are the acom-headed 
worms {Balanoglossus) [379], 
which burrow in mud by 
means of the projecting front 
end of the body, which alter- 
nately elongates and shortens, 
the second process pulling 
the animal forw^urd. A short 
clastic rod by which this 
region is supported possibly 
represents a notochord, while 
numerous gill slits are to be seen on the upper 
side of the body, and the central nervous system, 
^ , though ill -developed, is situated as in typical 

flows mto its b a c k b o n e d 

minute oi-g^^^ ^ an/ ^ bright 

isms w h i c h 373 colonial sea-squirts (a) Fixed W) Free swimming coloured^ tht* 

serve as food. two sexes dif- 

Sea-squirts. Living in the sea, and fering in this respect. They are, perhaps, the 

attached to various objects, are to bo found nearest living representatives of the ancestral 
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a number of curious animals 
resembling in shape one of the 
wine-skins of ancient times, and 
covered by a tough protective 
investment [376]. There are two 
openings in the body, into one 
of which currents of water con- 
tinually flow for feeding and 
breathing purposes, while waste 
products of all kinds are as con- 
tinually swept out of the other. 
On dissection we find that the 
equivalents of gill slits are present, 
but there is nothing to represent 
a backbone, and the central 
nervous system consists of a 
little thickening between the tw’O 
openings of the body, which is 
:ia help .to classification. From 



stock from which all backboned 
animals have descended. 

Unfortunately, traces . of such 
soft creatures are hardly ever 
found preserved in the record 
of the rocks,’* so that there is 
a good deal of scope for specu- 
lation. 

It is a matter of great doubt 
which gi’oup of the innumerable 
backbonelcss animals, which we 
must next consider, comes closest 
to the backboned forms. There 
are, however, certain unsegmented 
marine worms (Nemertines), devoid 
of gill slits, notochord, and hollow 
central nervous system placed 
dorsally, but approaching back- 


«'H«sincaLion. rrom --- — ^ l^^ed animals in some respects, 

the eggs of this curious creature, 379. acorn-hsaded worm ^ 

tadpole-shaped laiwaB [377] hatch (Bcdanoglossiis) Oili suta Continued 
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By JUSTIN McCarthy 


LIENRY IIT., who succeeded his father. King 
^ John, in 1216, was born on October 1st, 
1207, and was only a child when he became 
nominal ruler of England. 'Phe State affairs 
were managed meantime by a regent, but in 1227 
Henry declared hims(?lf of ag(*, and took th<^ 
control of the realm into his own hands. Hi^ 
became engaged in a war with Franc<', and, not 
getting the better of his opponent, might have 
come to severe loss had not the French sovereign, 
Ix)uis IX., behaved with remarkable forbe.arane(‘ 
and gcnero.sity. 

Henry was not an estimable sovereign. He 
was surround('d by favoiiritt^s and parasites, 
and Avas sometimes reckless in the extortion of 
money to maintain Ids own prodigal cxj>cnditure. 
Ho did, indeed, adopt and proedaim the (heat 
(diarter, but he made his contirmation of it. an 
excuse for obtaining a new money grant. • 

The Barons’ War. The reign of Henry 
was made famous by the struggle known as th(5 
Barons’ War. Henry's extortions and other 
caprices had exhausted tlie forbearance of the 
barons, who.se Order held a constitutional 
position already, and in 125S Parliament, led 
by Henry’s own brother, Simon de Montfort, 
Earl of Leicester, rose against him, and enacted 
a series of statutes which they strove to make 
the King a(!ccpl, and under whi(!h Henry was 
compelled to hand over his power to a commission 
of the barons. Henry kept terms for a short 
time, but disunion soon arose afuong the baions, 
and Henry took advantage of this to repudiate 
his contract and to break his oath. Tlu^n 
followed a struggle between tin; Iving and the 
barons, as a result of whicdi, ludther gaining 
anything that could bo called a victory, the 
question Avas referred to tlu^ arbitration of the 
sovereign of Framie, who gava^ judgment in 
favour of Henry. 

Beginning of Representative Govern- 
ment. But de Montfort Avas not content 
to let the matter end so easily. He collected his 
forces, and with the help of London and other 
English towns, he denounced the arrangement, 
come to Avith th*e French King, attacked King 
Ileniy’s army at Lewes, and captured Prince 
Edward, the King's son. Then it Avas arranged 
that the settlement of the country should take 

lace under the control of three electors— Simon 

e Montfort, the Earl of (}loiice.stcr, and the 
Bishop of Hereford — by Avhose nomination 
nine councillors were to be appointed for the 
formation of a Ministry. In order that this 
should have the approval of the whole kingdom 
a sort of parliament was to be called together, 
in which, along AA'ith the barons and the prelates, 
there Avere to sit four knights chosen from each 
shire, and, for the first time in England’s history, 
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two represent at iv<*s from some of the larger 
towns. The whole system of our modern 
repn^sentativo government in tlu' House* of 
(Vmimons may be said to trace its origin from 
this definite at tempt to construct a parliaiiu iil. 

Death of Simon De Montfort. The ex- 
periment scarcely came into actual organisation. 
'I’hc barons coukl not endure t he supremacy of De 
Montfort, and King Henry, allying liirnself with 
some of them, took arms against Simon. Simon 
Avas defeated at Evesham on August I2lh, 12 (m, 
and was killed on the field of battle, De 
Montfort AA^as regarded by a large proportion 
of the people, and by the clergy in geiuM jil, as a 
saint, and tluTo are legenils that mirael(‘s 
had het'U \ATOught by him. 'There was much in 
Simon’s character which do(‘.s not n‘concil(» 
itself Avith modern ideas of sanctity, hiil he 
undoubtedly had the genius of a great eoii- 
structive statesman, and foresaw the course 
AA'hioh the constitutional development of Bi itaiu 
Avas destined to take. 

Henry’s reign lasted until 1272, wlu'ii died 
at Westminster. He was in a sense a fortunate 
sovereign — fortunate in the fact that his reign 
coincided Avith the opening of sortie great in- 
stitutions which must ever be assoeiatr^l with 
England’s advance in civilisation. 

In his reign, although not by his ins])iralion, 
the first organised attempt to create a parlia- 
mentary system was made and, to a certain 
(‘Xtent, earri(*d out in England. By him, also, 
the tir.st chartt‘r to the UnivcTsity of Oxford 
was granted. 'The belief that King Alfred 
founded the schools out of which the ITnivei’sily 
grew is not now regarded by historians as other 
than a legend which naturally attached itself 
to Alfred's well-dcsmved fame. King Tfenry 
deserves credit for having encour;i.ged the 
movement AA’^hich led to the cslahlishment of the 
riiivcvsities, hut he cannot b<* regarded as the 
creating inthienee in that great dcA^elopment of 
England’s national progress. The groAvth of 
the University of (Jambridge goes back to the 
mythical period, and all that <aiu be said of 
King Henry is that in the. inst amte of (’ambridge^ 
and of Oxford he g xA'e his Koyal sailed ion and 
support to the .system. His name will probably 
be ho.st remembered in history because of this 
and of the (JiKsiuragement whiidi he gave to tho»' 
elevation of school teaching. 

Accession of Edward I. Edward 1. 
succeeded Henry in the natural eoiirse, for Ed- 
ward was the elder son. He was born at 
Westminstei’, June 17th, 1239. On his marriage 
lie received from his father the rulership of 
Gascony, Ireland and Wales. His earliest 
education in the business of war was received 
in Wales, where there was at the time much 
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disturbance. In the opening of the struggle 
• against Simon de Montfort Edward took part 
with his father, but he afterwards lent his sup- 
port to som(^ of tlic conditions insisted on by De 
Montfort. He took ^lart in the last crusade, 
distinguishing himself there as a knigl.t, and 
it was on his return that he heard of the death 
of his father, which had taken jdaee two 
months before. 

Edward's Foreign Policy. When he 
retiinied to England, and had gone* throiigli the 
(ceremony of coronation. In* n'ceived th<‘ liomage 
of the King of Scotland, Al(*xand(‘r Til.; but if 
was remarked that Prince Ll<‘\velyn of W.desdid 
nototfer his homage until long after. It was then 
one of the institutions of th(‘ tinu' that the rulc‘rs 
of Scotland and of Wales should be regard(‘d as 
holding the crowns under the over-rule of the 
Kings of Kngland. Edward was sc^on to be 
t‘ngag(‘d in a war for tlu' comf)lete conquest of 
Wales, and its s(‘tt lenient as a part of the 
English Kingdom. The King aft in wards proved 
that his prinei])le of governnunit was to give 
up altogether the idea of holding by force the 
foreign territories which his predecessors had 
won and had always struggled to maintain, and 
at the same time to d(‘vote all his energy and 
capacity to consolidating F^ngland, Scotland, 
Wales, and Indand into one kingdom. The first 
task to he accomplished was the conquest of 
Wales. '^riuTc had been continual lisings in 
different parts of Wales against the authority of 
England, and wlum Edward T, sueeeeded to the 
throne thesii risings began to assume the form 
of a Welsh national movement. 

Last Struggle for Welsh Independ* 
ence. Llewelyn, the Welsh Prinee, stood 
out against Edward and the army of thc^ 
English sovereign invaded North Wales. The 
difliculties them to he (‘iicountored were too great 
for the Welsh rosistanee. Wales was divided 
into localities Avith separate ehieftains, and it 
was hardly to lu^ i^xjieeti'd that all thesis should 
liold firmly togefluM’ in support of a policy which 
might end in making them mere vassals of the 
Welsh prince if hi^ should succeed in making his 
eoimtry indt‘penderit of England. Llewel^m was 
defeated, and died on the field during a great 
battle in December, 128‘J. Tliis di'feat closed, 
to all intents and ])urposes, the struggle of 
Wales for independence. 

Edward made on the whole a. wise and generous 
use of his vietoiy. He applied himself to estab- 
lish trade guiUL in the Welsh towns ; to intro- 
duce the best forms of English jnrisprudemuMnto 
Wales ; to divide the country into counties and 
shires, according to tlie methods prevailing in 
England, and to abolish some of the barharic 
(uistoms which still struggled against growing 
civilisation. 'The story that Edward ordered a 
massacre of the Welsh bards to prevent them 
from stirring np their people into another 
rebellion is now regarded as mere fable. The 
etfoet of his policy was, for tlie most part, satis- 
factory. The good relations between England 
and Wales did not remain undisturbed for ever 
after — in th^; e days there were few countries 
in which domestic peace remained for long 
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unbroken — but no part of England’s dominions 
gave her less trouble during the years to come 
than that which had been made part of Great 
Britain by the policy and the action of 
Edward I. 

The Dispute for the Scottish Throne. 

Edward had a more severe struggle to 
encounter in Scotland. A dispute had arisen 
for the succession to the Scottish Crown on the 
d(*ath of the young queen, who had been be- 
trothed to Edward’s son, and this claim appears 
to have suggested to Edward the opportunity 
of setting up his own claim to the sovereignty 
of Scotland. claimants to the throne of 

Scotland were Baliol, desctuidant of a great 
Anglo-Norman family, some members of Avhich 
had lield succession to the crown of Scotland 
for a long time, and Robert Bruce, Lord of 
Armandnle, whoso name is best preserved to fame 
by that of his grandson, Robiu t Bruce. Edward 
was invited to act as arbitiu* between the rivals, 
and he. declared Baliol to havi^ thi^ higher claim. 

Baliol was not long content, with his jiosition 
as subordinate to tln^ ovm’-riilc of the King of 
England, liowever, a.nd evcuits gave him the 
opportunity which he was seeking. The Enuuih 
king, Philip TV., who had just licgun to ri^ign, 
made an elTort for the riM-oviuy of all Frcim;h 
land-5 from the English. Philip soon made open 
preparations for war. 'riiercnpon the Scots, 
under lialiol, detiTinined to take advantage of 
the chance thus nffiTcd to them, and there 
was soon war hetwiu'u the tAVo countries. 
Edward invaded Scotland ; BerAviek was 
eajitured, but not without tierce resist, anee and 
much slaughtiir. Thi^ ri^st of the Avork, so far 
as that in\^asion Avas concerned, became com- 
paraiiv(‘ly easy. Edinburgh, Stirling, and other 
cities, opcn(‘d their gatc^s to thi^ conqueror, and 
Baliol surrendered, and was consigned to an 
English prison. 

Battle of Stirling Bridge. Tho 

real struggle, however, aa^hs yid to hesgin. 
William Wallace, the famous Scottish patriot, 
tho descendant of a poAvcrfiil Scottish family, 
made himself tho leader of a movement against 
King Edward, which had purposes at once more 
flireet and broader than those avoAved by Baliol. 
Wallace went in for the comfili^te fri'cdom of 
Scotland from English dominion, and gathered 
around him a great force of patriotic followers. 
He defeatetl one of Edward’s generals, tho EarJ 
of Surrey, in the batlli^ of Stirling Bridge, and 
the Avhole Scottish kingdom then declared in 
favour of Wallaci^’s learJersliip. The Scottish 
chief crossed the Border and carried the war 
into England, as far, at least, as NcAvcastle. 
H(» returni'il to Scotland, and Avas there pro- 
claimed governor of the country in the name of 
King John, King John being the Baliol Avho had 
been unable to make his own Royal claims 
effective. Tho appointment conferred on 
Wallace was declared to bo given by consent of 
the Scottish nation. King Edward was not a 
man to be easily put off any enterprise ho had 
undertaken, and was, indeed, in the military 
sen.se, a foeman worthy of tho Scottish hero’s 
steel. Edward invaded Scotland with an army 
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of some 90,000 men. and Wallace, taken by 
surprise at this sudden and tremendous effort, 
was compelled to give battle whether he would 
or no, and underwent a total defeat at Falkirk. 
Wallace escaped to France, but did not. remain 
there long. Returning to Scotland, jwobably in 
the hope of making sonu^ new effort, he was 
captured near Glasgow by one of Edward’s 
Scottish governors, and carried a prisoner to 
London. There he was tried for liigh treason in 
Westminster Hall, foiind guilty, and stMilcmad 
to death in 1305. 

Execution of Wallace. The sentence 
was carried out after a fashion which would now 
seem only worthy of a barbarous nation. Tlu^ 
head of the illustrious Scotsman was <*ut otT, 
and, having been derisively crowned with a 
chaplet of laurel, was set at the top of a pillar 
on London Bridge, while the body was <lis- 
embowelled and (piartered, the quarters being 
sent as a sort of warning to Newcastle, Berwick, 
Stirling, and Perth. Edward was generally 
inclined towards acts of mercy, and it is said in 
his defence that he was willing to sho^v merey 
if Wallace would have made some iwt of sub- 
mission to his eonqueror. But Wallace refused 
to make any submission, and stood up for his 
cause in tlu^ court whore he was tried as he 
would have done on the battlefield. 

Edward sliowed magnanimity in his manner 
of dealing with the Seotlish people after lu^ ha<l 
got rid of Wnllaee. Some course had to he 
adojDted for the reconstitution of Scotland und(‘r 
the new conditions, whicli no doubt Edward 
believed to bo complete and lasting. A new 
form of government had to be arranged, and 
Edward entrusted the gov'erriment of the country 
for the time to a council of Scottish nobles, 
several of whom had taken part in the war 
against England, hut who were ptirdoned and 
invited to help in tlu* re-eslahlislimeut of f)Caee 
and order. 

Edward had in mind an entirely new constitu- 
tion for Scotland, one principle of which was the 
representation of the Scottish peo])le in the 
Parliament of England. This movement, how- 
ever, did not come to any success. The longing of 
Scotland for .actual independence was still ha-vid 
and unsubdued, and a man was soon to conic to 
the front who could give it a more powerful 
expression. This man " /as Robert Bruce. 

Edward did not live to see the more serious 
part of the struggle. He was in weak health, and 
was sinking into years, but he was making pre- 
panations for still another Scottisli invasion when 
he died on July 7th, 1307. 

The First Prince of Wales. He was 
succeeded by bis son, Edward IT., born in 1284, 
and in 1301 created Prince of Wales, the first heir- 
apparent to the British Throne who bore that 
now historic title. This first Prince of Wales 
had not in his early years given any promise of 
a successful nile ; he had associated himself 
with unworthy favourites, one of whom, Piers 
Gaveston, acted in so lawless and shameless a 
fashion that the nobles of England rose against 
him, and demanded his banishment. When he 
returned to England, and endeavoured to regain 


his former position, they compelled King Edw^ard 
to as.sent to his oxecutien. 

Robert Bruce had sworn fealty to Edward I., 
and had even served in his army; but he joined 
the Scottish uprising under Wallace, and when 
that movement had ended, he app(’ars to have 
accepted the n(‘w' arrangt'ineuts by which 
Edw-ard 1. endeavoured to bring about, a tinal 
settlement between the two countries. 

In those tlays, of (onrst*, tlu' relation.^ 
heiween England and Scotland w(‘ri* so unsatis- 
factorily deiincil, and oven the h(»undarics 
bctwTH'ii the English end Scotch realms, and 
betw'tx'n English and Seoti^h p()])ul?itions, w('r<^ 
so indiscriminate, that the changes in th(‘ policy 
of a man like Robert Bruce are not difficult to 
understand. Bruce took a decisive course at 
last, and put himself a't the head of Scottish 
r(‘sistance to England's overruling power. Bruce 
jisscrtcd his own light to the thioiK' of Scotland, 
an<l was crowni'd King at Scone. The Fnglish 
Army c‘ntered Scot land in thr‘ reign of Edward 
11., and Bruce wais defeated more tluin once. He 
had to take refuge on the north coast of Ireland, 
hut afterwards returned to Ins own country, 
organised a new army, and, after the death of 
Edward 1., in 13ff7, succccd<'d in driving the 
English forc(‘s out of most parts of Scotland. 

The Battle of Bannockburn. On 
June 24th, Bnioe encountered the Fnglish Army 
under Edward II. at the memorable battle of 
Bannockburn. The Fnglish Army is said to have 
amounted to 100, 000 num ; hut Bruce, witli an 
army of less than one-third in number, w^on a 
brilliant and eompl(‘t<^ victory. The military 
capacity of Bruce had made good pn'paration for 
this battle. He had drawn the English on to 
tlu^ spot w4u‘n^ hi^ could bevst confront them with 
his far interior forces. He had dug the held 
with pits, which he carefully cov(*red, anfl kept 
his own forces well diawn hack. The English 
.Army, w ho had to cross a broad stream to r(‘a.ch 
their enemies, fell into the pits, whicli caused so 
great confusion that Bniee and his soldiers w'crc 
able to turn the dtdeat into a complete disaster. 
King Edward narrowly escaped with his life 
from the battlefield, and some fiff.OOO of his 
soldiers - at least half his army were cither 
killed or taken prisoners. 

In 1317, Robert Bruce crossed to Irt'land to 
assist his brother Edward, who had het'ii cngag(‘d 
like him in the stniggle for Scottish independence, 
and w'as invited \)y tlu‘ chieftains of lister, 
the NortluMii, or Scottish province of Ireland, 
to accept the Irish Crown. He was crowned King 
of Ireland in 131 (i, and maintained liis resistance 
to the Pkiglish forces until his death on an Irish 
battlcticld in 13 1 8. The struggle lK*t wcon Robert 
Bruce and the English went on, sfter the battle 
of Bannockburn, until the Truce of 1323. On the. 
accession of Edward III., in 1327, the Scotch 
invaded the northern (counties of England, and 
it became evid(‘nt to the English king that 
England’s resistance to the national uprising of 
Scotland could no longer he maintained with any 
hope of success. The Treaty of Northampton, 
ill 1328, brought the war to a close by England’s 
recognising the independence of Scotland, and 
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the rij^ht of Robert Bruce to that throne which 
he had won by the force of his armies and by 
the indomitable devotion of his countrymen. 

The £nd of Robert Bruce. Robert 
did not reign long. He died, in 1.321), at 
Cardross C'astle, on the Firth of nyd(\ at the 
age of 04. 'J’o him life had in<h‘(‘d ))(*en worth 
living, for he had assured the indejMuidenee of his 
eouiUry at a time when Scotland could not have 
count (‘d on any endurable eoiulition except by 
the t(Tms of national inde])(‘nd(‘n(re. Bruce's 
body was buried in the Abbeys of Dunfermline, 
and, according to his own desire, his lu'urt was 
to be carried to l'alestin(‘ and laid to rc'st wilhin 
the saen'd city of J(M’usaleni. The hearer of the 
heart. Sir *Jani(\s Douglas, commonly calKsl the 
Black Douglas from his dark complexion, w'as 
one of Robert Bruce's most brilliant olTieers in 
t h(‘ si niggle for Scot land’s ind(‘])endenee. Douglas 
was killed in Andalusia on his way to the Ifoly 
Land in an attack madi‘ on him and his parly 
by thi‘. Moors, and the heart of Bruce was 
brouglit back to Scotland and laid to rest in 
Melnise Alibey. 

'Phe latt<‘r part of Kdward II.'s reign was 
marked by many ealamiti<^s. Then* w (‘r(* risings 
in Wales and in Ireland as w<‘ll as in Scotland, 
and there were seasons of famiiu' and of plague. 
There wen^ struggles against his rule even in 
Kngland. Kdward's last invasion of Scotland 
li^d to his having to acc(‘pt th(‘ Truce of 1.323. 
Then came a quarnd with Charles IV. of Fraii(5(‘, 
the brother of Kdw^ard’s wife Isabella, who 
detested her husband, and actually turned 
against- him under the inlluenee of one of his 
disalTecdod nobles. Edw ard was made prisoner by 
this band of titled rebels against his ])ow'er, and 
compelled to resign the crown in favour of his 
son Edward. But his resignation of the crown 
did not save his lift*, for lie was murdered in 
Berkeley (>astle on September 21st, 1327. 

Edward III. Edw^ard II. w^as sueee<*de(l 
by his son, Edward 111. Tin? reign of th<‘ young 
King began under the most un])ronii.sing and even 
appalling conditions. He came in for the suc- 
cession of a still enduring hostility between 
England and Scotland, and for constant dis- 
turbances in Ireland and in WaU^s. At liome 
there was widespread discontent caused by 
poverty, itself in great measure the result of 
extravagant, expemlitun^ on w'ar, and in the 
suppression of freepumt rebellions at home. 

Edwaird III. was proclaimed King at the voi’y 
time when his father was held ju’isoner in Kenil- 
worth Ciistle, and the young King for a while 
refused to accept the throiu^ ottered to him 
without the sanction of his father. The sup- 
porters of tlio Queen and her party tlien wamt 
through a sham ceremonial to obtain tlur King's 
consent, and the hesitating son w'as prev^ailwl 
upon to accept his new position, llie young 
King was for the time a mere instrument in the 
hands of his mother and her supporters. He 
was still but a boy of fourteen, and a number of 
poors and bishops were apjiointcd to act as a 
council of regency, to be the advisers and guar- 
dians of the Hovenugn during his minority. Most 
of the inemliors of this (^ouncil were under the 
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influence of the King’s mother and her favourite, 
Mortimer, and Queen Isabella was therefore 
enabled to exert her own authority over the 
government of the realm without regard for 
the intentions of Parliament, w'hich w'as already 
beginning to claim its rights as the representative 
of national opinion. 

Trou!)]es again arose with Scotland. After 
the death of Robc'rt Bruce, Edward Baliol 
claimed the Scottish throne, and Edward Ilf. 
came to his assistance and inlliclcd defeats on 
the o])posing Scots, hut could not bring them 
to submission. 3'hese dispnt<‘s ludweiui England 
and Scotland w’cre still going on when King 
Edward allowed liimself to he drawn into 
hostility with France. 33ie French king, 
Dharlcs IV., died without leaving a son, and th<i 
nearest heir to tlur thi-on(\ Phili]) of Valois, 
was proclaimed sovereign as Philip VI. 

Battles of Crecy and Poictiers. 
Edward claimed theerowui on the ground that his 
mother was a sister of the deml sovtM'iugn, and 
although the law of France did not allow a woman 
to succeed to the throne*, Edward maintained 
that a woman's son might he the direct- and 
lawdiil siiccesseu’. 'Pliis led to a war willi France, 
and to Edward's invasion of that country. His 
first a.ltem})t was unsucc(‘Hsful ; hut in l.34(>, 
accompanii'd by his eldest son. tlio famous 
Black l^rinee, lie dedeated the Freneli in the 
memorable battle of Di’cajy. Not long after, the 
Black JTinc(‘ ae(*om])liHhed the great victory of 
Poictiers, whores the King of France, John fl., 
son of Philip VI., w'ho had died before the dispute 
about his right to the* throne had ended, w'as 
taken ])risoner. A pc^aec* was concluded, hut as 
om* of the conditions of King John's release 
from captivity was tliat he should ])ay a largo 
ransom, wliieh he found Inmself unahU* to do, the 
French King gave himself hack to his enemies, 
and W'as taken to London, wlu'rc ht* died in 1304. 

Tin* Seottisli king, David 11., had made a, 
s(‘eret treaty with lOdward by virtue of wdiich 
tlu^ Scottish kingdom was to ho handed over to 
the English over-rule if David should die wutlumt 
a son. Tims, neither in Scotland nor in France 
did Edward s(‘cure any of the advanlagi^s for 
which he had fought so hard, and for which 
in France he had won two of the most brilliant 
victories known to history. 

Trouble at Home. Edward with all his 
sagacity did not sc(*m to be able to appreciaf^^ 
the fact that siieei*ss on the battlefield and the 
inllielion of defeat on foreign enemies will not 
aUvays reconcile a sovereign’s own jieople to 
the disturbance of commerce and trade, the dis- 
eaiirag(‘mcnt of all profitable work, and the 
hideous spi'ctade of gaunt national poverty, 
brought about by the pursuit of fho conquest of 
territory and the glitter of military fame. 
Edward began to find the work of government 
beyond his strength. 3'he finances of the State 
were threatened with exhaustion, and civil govern- 
ment was falling into what seemed hopeless 
collapse. Edward became entangled in frequent 
disputes with his Parliament, and meanwhile 
gave himself up to demoralising influences, 
and made less and less effort to restore the 
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prosperity of the state. His third son, Jolin of 
Gaunt, was left to look after the business (if 
government. His eldest son, Edward the Black 
Prince, who had become an open opponent of 
his father’s do-nothing policy, cbed on June 8lh, 
1371). The Black Pi’ince, who is said to have 
derived that name from the colour of his armour, 
had distinguished himself in other campaigns as 
well as in the victori('s of C'rccy and Poietiers. 
He is said to have acted with merciless severity 
in some of his conquests of captured cities; but 
generous and r erciful dealings Avith the in- 
habitants of cities that liad made a stubborn 
resistance was not common among the con(]uerors 
of those times. 

The life of Edward III. did not last long after 
that of his eldest and most famous son. lie 
died on Juno 21st, 1377. 

The Birth of English Literature. 
Edward's reign will ahvays be famous for its 
victories on the battlelields of France, but it will 
find a still higher title to enduring recollection in 
the fact that it saw the birth of genuine English 
literature [see LiteiiatureJ. Geoffrey Gliauccr. 
the first of the great English potds, had written 
some of his greatest poems w hile King Edward was 
still living. He w\as th(* son of a tavern-keeper 
in London, and the date of his birth is not 
certain. Some wTiters give it as 1,328, but the 
accounts wdiic^h seem more authentic give it 
as 1340. In his y(.)uth he beeaim*- a page in 
the household of the Duke of darence, and was 
afterwards raised to the services of the Royal 
Family. He served during one of the campaigns 
in Fran(.;e, Avas taken prisoner in Brittany, but 
was soon ransomed, the Fnglisli sovereign con- 
tributing a part of tlie amount demand(Hl. Tlu^ 
King afterwards granted him a pension. He 
was sent abroad on several missions into Italy, 
Flandcws, and France, and also held the post 
of Gomptroller of th(^ ( ustoras in the Port of 
London. 

Gower and Wycliff. Anotluu- poet avIio 
belongs to Chaucer’s time, J.imes ffoAA'cr, Avas 
a personal friend of Chaucer’s, but the fame 
of Gower is not so closely associated as that 
of Chaucer Avitli the development of English 
literature, because sonio of (JoAver’s poems 
are wTitten in Latin and some in French, ;ind 
the lessor number in Englisli. U]) to that 
time the English tongue had not yet become 
thoroughly reeogniso(l by Englishmen as the 
most suitable medium for poetry. Tlie lovc^ of 
t)oetry was still supposed to be the attribute only 
of scholars, and a man gifted Avith a genius for 
the telling of tales or for the tca(fhing of noble 
sentiments in verse beli.wa'd himself more likely 
to find an apprciciaiive audience by addressing 
his potmis to those aa4io could understand them 
in Latin or even in French. Chaucer spoke to his 
countrymen in their own language, and his 
successful enterprise made a new ora in the 
intellectual development of his country. 

James Wycliff was a great preacher, re- 
former and writer. He was bold and even 
daring in lus effort-s to exalt the religious 
leaching of his order and of the ago, and 


made himself especially hostile to the Papal 
Government of Rome. Wycliff w'as one of 
the hmn’unncrs of that great change which 
took place in tht' history of this country Avlien 
England as a Slate A\ithdrcAV from the spiritual 
domain of the Church of Rome. We mention 
him esp('cially in assoriatiou witli this period 
beeauso thc^ (Mriit'st of bis Avorks Avere Avritt(*n 
in Ijitiu, and it was only A\heii lie d(‘siiTd to 
appeal to tlie English peopK* at large that he 
addn^sst^d them in tlieir oAAn language, fb* 
b(H*aine the first great prose Avrittu* in the Kuglish 
tongue. Wycliff died on Deecmher .31st, 1.3S4. 

The Fame of a Reign. King Fdwaid Mi. 
Avas not much devoted to Jiterary eulturis al- 
though lu' proved a giuierous patron of authors 
in prost^ and po(‘try. His reign did much foi- 
the dcvelopint'nt of EriglaiKl's constitutional 
system, for n'prcsciit alive government in a 
parliamentary assmnhly, for civic and local rule 
throughout all parts of the country, and for 
b(‘tt(‘r administration of justice' thiough courts 
of hiAA'. The historic fanu' of lh(^ leign, however, 
Avill b<^ associated moil' clost'ly with the victories 
of English armies over the French llnin with any 
otluT events. Tlu' struggh' with France' be gun by 
Edward TFT. is knoAvn as the* Himdre*d Nears 
War, and the infiuence*of tliat e eulury of battle- 
field rivalry k('))t alive a spirit eif heist ility 
betwoe'U England and France Avhie*h made? them 
cmunie'sdoAvn te> a pe*rie)d not far distant fre>m eiur 
own. In the days of Edward III. the incessant 
Avarrings be*twoeri neughbouring states we're^ to bf* 
(*xe'use‘(i or e.Kplainod te> ei great de'gree^ by the iin- 
detemined limits and condilieins of nationalities ; 
by th(^ fact that the seivere'igiis of England 
still he’ld some re*gioiis in Frane-e, that the 
seiverc'igns of Kraiiee^ still owni'd some parls of 
Italy, Austria, and eillu'r eamnlries, that the* 
monarch of one state* occasionally elaime'd the 
riglit of sue'e'eis.'iein tei the' tJirone of another, and 
that the world in ge'/ieral did not yet recognises 
the imjiortan'e* of nationality in tho domestio 
govc'inmcnt and fene'ign relations of slates. 

Establishment of the Order of the 
Garter. Wo must imt alloAv EdAvard IM. 
to pass from this histeu’v witheiut ree'eirdiiig 
that he (‘stahlished lhe< Order of the Garter, 
Avhie*h has be'e'ii one of the most distinguisiied 
and distinguisJiing marks of the sove'ri'ign’s 
favour from that time foiwaud. EdA\ard lind, 
it is said, originally inteiide'd to reviAc tlm 
Round Table of King Art bur, anel proposed 
to establish tournaments, to whieh knights 
from all foreign countries Avere to be invited 
to c(‘l(ibrate the institution. After one of his 
great vietori('s on French liatth'lirlds, generally 
understood to be that of Crecy, King EdA\*ard 
cn^atid a mnv order, and, according to some 
historians, called it the ()td(‘r of the Garter 
beeau.se he made usi' of his gartei* as tho signal 
for tho opening of the battle. Other acreounts 
say that the new institutiem, Avhieli was founded 
somoAA^nu’e about Aj)ril, 1344— different dattw 
are given alscj — was originally called tho Order 
of St. George, and only in tho reign of EdAvard VL 
W'as called the Order of the Garter. 
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Group 16 

MILLS AND MILLING 

FOOD SUPPLY 

1 

Milling^ Machinery. Cleaning and Conditioning. The Roller Mill. 

Follow on KOI M.KI.ICIMNC 

Flour, Middlings, and Semolina. Prepared and Predigested Cereals 


By CLAYTON BEADLE and HENRY P. STEVENS 


'T’HOlUni at first priniilive m/m used his 
^ as the grinders for Ins grain, wo conio aoross 
nd'orono/^s lo grinding iniplomonts and mills in 
very early records. Flat stones consisting of a 
fixed stone and upper stoin* or runner 
are still to be found to-day, hut are 
h(‘ing rapidly replaced by the mod(‘rn 
macliinery we are about to describe. 

The Wheat Grain. As will be seen 
from the diagram [1|, th(‘ wheat grain 
consists of an oval shell composed of 
several hiycMs surrounding a nniss of 
starch colls, and the object of the miller 
is to separate the starch cells as com- 
pletely as possible from the outer slu'lls 
(bran ainl other n'siduo, t('nn(‘d 
“ olTals ”). 

All milling machinery is <lcvis(^d with 
the object of producing the largest f)os- 
siblo proportion of pure tlour, the 
‘"broadest.” bran, and tin' cleanest 
“ olfals.” 'riuj reason for this is 
obvious- -Hour is supplied for human consump- 
tion, and commands tin' highest pricts wlnuinis 
the bran and otfals arc of inferior value, and only 
suitable for cattUi food and similar purposes, 
a ] t li o 11 g h brown 
bread contains a 
(terta-in proportion of 
bran, t^irther, with 
modern machinery, 
t he separation of Hour 
and offals is best 
attained by scraping 
the kernel of the grain 
out of its covering 
with as little damage 
as possible to the 
former. This yiiHds 
broad bran — that is, 
bran in large pieeiis. 

The Roller 
System. In the 
modern nu'thod, 
where the grain is 
passed hetAveen 
several pairs of rol- 
lers, the separation of 
the olTais takes place 
dtiriiKj the grinding 
instead of afterwards. 

'Pile wlicat also under- 
goes a very thorough 
preliminary treat- 
ment ill which it is 
separated from 
foreign ingredients 
and thoroughly 
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cleaned before milling. The grinding is oifocted 
in the first place hy Huted steel or “ehilled iron” 
rolls, hetAveen which the material passes, so that 
the individual grains are cut or slit as thoroughly 
as possible, without crushing more of 
the k(‘i’md than is necessary. Much of 
the bran and otfals can be reniovt^d in 
this mann/M* ladoro tht' kcrn/'l is finally 
reduced to Hour. Speaking generally, 
the ])r()diict is treated to sepiirate the 
bran from mcral, after ])assage through 
each ]);iir of rollers. Tlie meal has 
further to he separated into Hour and 
unreduced ciulospcnn ” from the in 
terior of the gr.iiri hy Hrst crushing 
l)i‘tAvecn smooth rolls. After (*ach treat- 
ment, the j)rotliicts pass to machines for 
separation into Hour and “scmoUiui.” 
or “ middlings.” The latter are again 
reduced by passag** hetAveen smooth 
lolls and dressing machines, yielding 
for inst.'iTKa*. in the ease of ‘‘ coarst» ” 
semolina. Hour on the one hand, and ‘‘sharps,” 
or “thirds,” on the other. The priruaple in 
volved in these operations Avill he bcitter under- 
stood by reference to tlu^ diagrammatic table 
on the next i>age. 

General Prin- 
ciples. The ideal 
aimed at in mill- 
ing machinery is to 
stri[) off the covering 
of the kernel and re- 
mov(‘ the bran before 
reducing the int(irior 
of the grain. It will 
be understood that 
this latter rerpiires 
further treat numt, as 
it is mad(Mipof num- 
Iku’s of tiny culies 
containing the Hour 
enclosed in a Hub 
skin. These must be 
reduced before sepa- 
ration into flour and 
middlings, or scino- 
Jina, can take place. 

So perfect are the 
modern systems of 
roller milling, as rep- 
resented by the Rob- 
inson system and the 
practices of other 
British firms, that 
there is less than 1 
per cent, waste in 
treating the wheat 




2 3 



4 5 

2. Wheat mixtui'e (Manitot>a, Rui^sian, and J^i Plata) uncloanud 

3. Cleaned and eoiiditioned wheat 4. Cockle and broken wheat 
extracted hy Indented cvHiider8 5. Extracte»1 oats and barley 
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when once it is cleaned and conditioned. The is drawn througli the st 
yields may bo given approximately aa: flour 70 to a.s it passes on to the 

72 per cent; offals (sharps, pollard, and bran), cleaned grain as it leave 

27 to 29 per cent. ; waste, 1 percent. impurities [7] with it. 

Explanation of Terms. The finest the material is eomliiei 

ground product is the flnvr ; the particles of perforated steel eylin(l(M 

"'‘dunst’' are a trifle 

in the final stages of 
milling. They eor- 
lespond in size to ® 

middlings. Pollard U — 

composed of larg(‘r 
])ieees, and the bran 
represents picu'es of 
liusk but little 
damaged by passage i 
through the fluted ' 
rolls. 

Milling Ma- 
chinery. \V(^ w'ill 
now proceed to (Uj* 
scribe in detail the 
<• oust mention and 
method of operating 8 9 

the most modern form g. Stones, etc., extractCil from wheat ill tin* procesn of washl 
of plant for milling 7. ScreeninKS cxtracUMl from wheathya .piration 8 amt 9. St" 
wheat. After this w e throuuli 1st ami 2ml I rrak r<»Jls respectively 

will go through a mill and see the course which conditioning, in some cj 
the wheat, and then the offals, flour, and bran, that it is more (‘asily r 
tiavcl through the different machines on their way and hard w heats retpiin 
from the “ silos ” or bins, where the raw' material enable them to mill h(“ti 
is stored, to the “sacking spouts” and patent produced from them is 
packers w here the finished produ<*ts are caught off. Robinson’s wJieat av;i 

Cleaning. This entails quite a number of is shown in 12. I’lu^ \ 
Separate opeiations, uncleaneu wmeat{2i 





UNCL^ANEU ¥VMEAT{2I 


Is T (3} - 2 /^OIQ) * 3 RO 


COARSE MEDIUM MldToUNGS 

SEMOLINA SEMOLINA (FINE 5EMOUNA 

)st. 2no 5rd.^7h separations refuse product 

FLOUR SHARPS OR THIRDS 

DlAOn.AM OF THE FROURESS OF WHE.VT TO FLOUR 
(The bracketed lljsnre.s refer to the illii.-'tratiun'') 


the first of w'liich is ^ a 

carried out in a w’hoat conditioned qhoren^ 
sej^arat or and scourer wheatO) NHEATia) < 
[llj, in Avhich the isnS) ZnoIQI-i^Sro ^ 

wheat is separated ^ 

from courser impiiri- ^ - 

ties, such as sticks. unreoucl 

stones, and large ^ - ^ 

refuse generally, and mediu 

r, r 'if SEMOLINA SEMOLI 

seourt'd t o free it from / ^ 

adhering particles of j/j ZndSrd^^th sepai 

dirt, and break uj) 
little balls of earth, / 

always found to a flour sh 

larger or smaller ex- diagr.am of the froob 
tent in sacked corn. ^ ‘ bracketed lljsiire.s 

Fig. 10 illustrates the action of this machine. 
The uneleaned grain falls into a separating 
sieve wdiich is kept constantly on the jog. 1’lie 
efficiency of the separator is considerably aug- 
mented by the currents of air sucked througli 
the machine by the fan situated above. Air 


i.s drawn througli the stream of uneleaned grain 
a.s it passes on to the sieve, and through the 
cleaned grain as it leaves the machine, carrying 
impurities [7] with it. .\f(er leaving the si(‘vi^ 
the material is eonduetisl to the interior of a 
perforated steel eyliiKh'C, wliere it is seouri'd hy 
rafiidly revolving 
l)(^at(‘rs, which causes 
the grains to nil) 
against thcmsclvi's so 
that the loostuu^d dirt 
and dust pass t hrougii 
the perforations in 
the cylinder, and the 
cleaned grain finds its 
way out at the other 
tuid. 

Washing. It is 

a Iso necessary to wash 
th(* grain with water 
to free it fioiii stones 
[6] and dirt, which 
could otherwise only 
he got rid of hy very 
prolonged action in 
the scourer, when^ 
such drastic treat- 
ment would probably 
damage the outer 
skin. In soft wheats, 
sueii as “(fiiirkas” 
and “ IMatas,” the im- 
mersion in water must 
not he prolonged, and 
9 the moisture should 

wlu-at ill tlu* 1>I.MM*.S« (»f wasi.i l)e rapidly drained off. 

(iibya .piiat ion 8 uml 9. Si'» The washing and 
I 2n.l I ivak nuis re.HpeetivcIy suhsiaiuent drying, or 

conditioning, in some cfusi^s toughen the bran, so 
that it is more (‘asily detached in largo pioc(‘s, 
and hard wheats rc(|uire moisttming, not only to 
enable them to mill h(‘tt(‘r, hut because^ the flour 
produced from them is better in (colour. 

Robinson’s wJieat Avash(*r, stoner, and rinser 
is shown in 12. wheat as it (*nt(U’s at the 

right-hand top side 


REFUSE 

6- 

CMAFf(7I 


^ TH ORFARS 


^BRAN #•> OFFALS 


BROAD SMALL POLLARD 


UNREDUCED ENDOSPERM OR INTERIOR 
OF GRAIN WITH CER TAtN IMPURl TIES 


MIDDLINGS 
(FINE 5EMOL/NAJ 

REFUSE PRODUCT 


■ - - — of the machine is 

TS iiK't hy a jet of water 

BARL£y{5) oiRTHsi cmaff(7I aiui carried round 
a«M/<4 "'t'l '*■ ''y ••.n-olv- 

^ * r ing paddle which 

a^OAo SMALL POLLARD irunuTKCs 

eNDOiRERM OR ihwrior it. TIki wheat and 
certa,n mPuRmES 

M/SoLiNos inclined plane, al. the 
IE,RE SEMOUMA, |,„t(om ef which they 

no>^TEPUSE RRODUCT 

of wat(‘r moving up- 
wards, adjusted to 
^psIdr thirds such a pressure that 

;s or whe.vt to flour thi^ stones, being 
er to the iiiii..tratk.ns heavier, sink, while 

the grain is carried hv or into another tank, whence 
it is lifted hy the “worm” seen on the top left- 
hand side of the machine. Streams of water play 
on the grain as it is being removed by the draining 
worm. 'File spemt w'at(*r is carried away tJirougli 
the perforations after thoroughly rinsing the grain. 
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10. DTAfJIlAM OF SFrAllATOR AND SOOUHEIl 


The Whizzep. To lapidiy remove the 
adhering water from the grain, the latter is eon- 
ducted to a “ wliizzer,” which consist , h of a 
revolving drum to which lifting plates are fixed. * 
Tliese are short, })rojeeting fuece.s of metal plac(‘d 
diagonally, so t hat the wheat fed in at the bottom 
is lifted U}) and carried to the tof) of the (?ylinder. 
Meanwhile a strong draught blows through the 
grain, and, by tlu^ centrifugal acd.ion, the water 
is thrown olT and driven through a peiforated 
casing surrounding the drum. The wheat is, 
however, by no means dry, and much of tin* 
supertluous moisture has still to be got rid of. 

Drying and Conditioning. Wheat 
is not required in a “bone dry” state for 
milling; a e(‘rtain })ercentago of moisture is 
beneficial and even neces.sa ry, and th(‘ machine 
we are about to d(‘scrib(! can be adjusted so 
that the grains r<‘tain the right proi)ortion. 'Phis 
is what is im-ant by conditioning. 

Mallin.son's machine is shown in .section | ISj. It 
(‘onsists of two hoppeis, A and 1), into one of 
which. A, the grain |)as,ses from the whi/zer, 
whence it d<'seends hel ween t he wall or casings, 
lfl5, being cheeked in its fall and tin ned ovc*r 
at, intervals by pieeivs of metal projecting in- 
wards, and leaves the easing at (’. Inside the 
right-hand easing are a. number of vi-rtical 
steam pipes, om^ of \Nhieh is seen in the draw- 
ing. At the bottom is a stc'am chest and the 
air entering at I'l is heated by passing between 
st<)am pi])es on its way to the hot-air chamber, 

F, and is then drawn by a fan through tin* 
wheat in the direction shown hy the arrows. 

I’lie grain which leaves at is elevated and 
deposited in the lioppiu’ T), whence it passes 
down the left-hand easing iNIM. The material 
is cooled before leaving at H by a eurnmi of 
cold air entering by the ebannel K. 

The heat given otT liy the st eam pipers inside 
the ('asing below A causes the wlieat to 
swtat, and brings the moisture to the 
surface, leaving the ’uteriorof the grain in an 
excellent condition for milling, and at the same 
time toughening the skin so that the bran can 
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be stripped off in large flakes. Stoam pipes are 
omitted from the casing MM, as experience has 
shown that gradual cooling is an essential factor 
in successful conditioning of wheat. 

Brushing. To remove the remaining dirt 
and dust, the grain is treated in a wheat brush. 
The action of this machine will be understood 
by reference to t he diagram [ 15]. Its construction 
is similar to that of the scourer [10 and 11]. 
H'he wheat is led into a perforated steel (‘-ylinder, 
<*ontaining a drum fitted with rapidly re- 
volving brushes which brush the wheat and 
remove any smut or dirt looseru'd by the action 
of the wasiiing and drying machine. The dust 
falls through flu* perforations in the cylinder. 

Extracting Cockle. Wheat always con- 
tains a certain proportion of foreign seeds 
and cockle 14], which are removed by cylinders 
of special eonstnietion [14]. 'J’be cockle cylinder 
consists of a slowly-revolving drum, the inner 
surface of wbieh is formed by a zinc plate drilled 
with a great number of small lioles or indenta- 
tions of ])eculiar shape 1 16], in some east's as 
many as 30,000 to the square metn'. As the 
cylinder revolves it gatliers into the indentations 
tile etx'kU' and small foreign seeds. When 
tlu'y rc'ach a certain position they fall ofl* again 
into a eonveyi'V, or t rough suspended in the 
lower half of the cyliiuler, which carnes them 
to the outlet. 1’he ek'an grains, now ready 
for milling, pass out at tlu* tmd of the cylinder, 
and are elevated to eh'an whe^at bins. 

The Roller Mill. The machine in 
wbieh the actual grinding takc'S place [17] is 
huilt with two ])airs of rollers placed diagonally, 
althongli many machines have the rolls placed 
horizontally. The diagonal arrangement, how- 
t'ver, has certain advantage's and is deserihcrl 
here' j 19] 'The rolls make tlu' same numb(‘r of 
revolutions per minute, but as one roll. A, is 
smaller than the other, Ik the n('(n‘s.sary differential 
isobtaiiK'd at the [)oint of eont act , and a shearing 
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the same diameter with 
gearing to different speeds. 

The rolls arc either fluted 
or smooth. The fiiiitxl or 
“ break” rolls are used for 
splitting the outer eovering 
of the grain, .and smooth 
rolls for the final stages of 
•grinding. Above the rolls 
is a sluaker feed, wliieh is 
well adM})ted to material 
tre.ated with break rolls, but 
roller feeds ean also be used. 

Underneath th(‘ tray, 1)1), is the 
eccentric shaft and block K, whicli 
causes the fornu*!’ to vibrate, so that 
the mab'i'ial passes in a regular stream 
undenieath tlie “ hinge<l spreading 
boards," FF, on to the “splash” boards, 
tJti, which guide it betw'oen the rolls. 

Sifting and Dressing, (bain which 
has passed through the fust ])air of bi eak rf»lls 
l8J is tToatod in a sifter and scalper jlS] whi(‘]i 
separates the material with the aid of rotary 
sidives sus])ended almost vertically. This sepa- 
ration is of a ])reliminary nature ; the real 
dressing or sifting of the Hour is (‘Ifeeted in a 
(icntrifugal dressing machine 120J which consists 
of a skehiton cylinder. A, eovenxl with silk g.auzeof 
line mesh lixed horizontally and rotating slow'ly 
1211 f*ontains a numb(‘r of beatet^, H, which 
revolver rapidly. 'I'he inaliaial to be treat(*d is hxl 
into the cylind<a‘, an<l by the action of the biaiters 
is forced against the gauze, whereby the Hour 
is “ dressed " or sifted through. Underneath th(‘ 
cylinder is a trough with a eonveyiu*, i \ which 
removed the flour while the unsift ( kI mab'rial 
})asses over the <‘nd or “tail " of the. cylinder for 
further tn*atment. "Ihese machines are often 
provided with two eonv(‘yers lying side by si<le in 
separate troughs ((‘and 1)). 'rhenoirea number of 
hinged i*overs which shut in either conveyer so that 
llie Hour linds its w^ay into one only, as U in 21. 
If now one half <»f .\ be covcrcfl with finer gauze 
than the other, it will let through finer flour, 
wHikHi will collect in the trough ojmmi Ixaicath it, 
so that w'ith tlu‘ necessary adjustment finer 
Hour will be delivered by om^ conv(*y(a- and a 
coarsei* grade by the otlier. Hy suitable arrange- 
ment of “ cut offs ” the Hour may be gradc'd into 
different (pialities in one machine. W(‘ should 
mention that over the gauze-eovered cylinder 
-V arc brushes, to keep the j)erforations in the silk 
from getting clogged. 

Purification of Middlings and Semo- 
lina. Middlings consist of wheat particles 
reduced to a certain extent by jjassage through 
break rolls, whih* semolina is fuactitailly the same 
thing, except that the particles are coarser. 

The machine known as a " purirter ” effects a 
sort of double separation on either of these 
materials as its action is twa)fold. ' In the fii*st 
place, it consists of a long fl.at sieve kept vibrating 
by the action of an occentrie [23]. The sieve is 
divided into four parts, each of which is covered 
with gauze of different mesh. The tailings, 
consisting of particles too large to pass through 
the sieve, are taken to the rolls for further rc- 


12 . WASIIKR AM) STONKU 
(T. Robinson A Sons, LtiL, Ro.-lulali*) 

means of a fan, so that all light impurities (olTal; 
are lifted out and carried up, only the heavita* 
portions Ixung sieved. Fix(‘d immediately a l) 0 \re 
the siev'^e are a number of V-shapt*(l intercepting 
(thannels. on either side of which are de]R)sit 
platforms ; the air currents j)as8ing up from 
the sieve and carrying tin* light impurities 
pass betwt‘(‘n the channels into tin* ex])anding 
chamber above, where most of tin matt('r is 
rele«ased and falls. This 
is show'll diagram mat leally 
in 24 — a. vertical section 
t>f t he t‘ xpa ndii i g eh a m 1 m'. 

The peculiar construction 
of the intercepting r hani- 
her causes the greater 
part of the mateiial to 
<lcposit on the ))lat forms 
on either sid(‘ of it. 

Should any mateiial he 
carried furtlu'r, it is de- 
]>Obited in a six-ond ex- 
])anding chamh(‘r ahovi' 
the first, and the air fiii- 
reiits f)ass to the fan prac- 
tieally fri'c from dust. 

The vibrating ai-lion of 
the .sieve eaus(‘s tlu* light 
impurities (olTal) to mov<^ 
down towards an outhd, 
as sieve, platforms, and 
intertx'jiting channels are 
lixed at a sliglit inclina- 
tion. The deposit on th(‘ 
upper platform is swc])t 
down l)y an automat ie 
“ brush cleaner,” and by 
.a suitable arrangement of 
worms and eluinnels the 
combined deposits of offal 
are removed frojn the 
machine. The machine is 
also provided with cut-off 
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14. COCiKI.E CYLINDER (T. Rohinson A Son*^, Ltd.; 

boards and a double worm at tlie bottom, so 
that those portions which pass tlvrongh the 
different mesh sieves or any combination 
of them may be kept se])aratc as dtvsired. 

A Working Mill. We 

shall now indicabi how these | 
machines contribute indi- 
vidually find e ( >11001 ivcly to the 
separation of Hour from wluvit . 

Fig. 28 shows a model of m, 
small mill of about two sacks 
per hour capacity, and 26 is 
a diagrammatic section of this 
mill, in which the flow of the 
material from one machine to 
the next through tln^ mill is in- 
dicated by arrows. 

On the left hand is the wheat 
cleaning and conditioning d(?- 
partment, and on the right 
hand the actual flour milling. 

In the former the grain is ele- 
vated to the top iloor, and 
passes straight thro\igh the various 
machines in the order in which we 
have described them. 

The Milling Department. 

In the next department the sieve 
and scalper [18], as well as the 
grading and dressing machines [20], arc' on the top 
iloor. The second floor is taken up by the puri- 
fiers, and the roller mills occupy the first fioor, 
the first three pairs being fluted. '^Plie ground 
floor is reserved for thesliafling and pulleys that 
transmit the motive j)ower to the various 
machines on the floors above. 

Let us start with the cleaned and con- 
ditioned wheat [3] as it leaves the clean 
wheat bin, whence it is spouted to the 
first pair of tinted rolls just below. The 
flutings of ihc'se rolls are coarse, and the 
rolls are comparatively wide apart, so 
that they crack the grain, partially setting 
free the kernel. 1’his mat-erial [8] from the 
first “break” is elevated to the rotary 
sifter, whieli separates it into three parts, 
according to the size of the particles — 1, 
the coarse w^hoat particles ; 2, coarse 
semolina (coarse part ieles of the cndosp?rm); 

3, fine middlings and flour (still finer 
particles). 

The eoai*se w’lieat particles are spouted 
to the ser ond pair of break rolls on the 
first floor. These tolls are set closer, and 
the flutings arci.ot so c »arse as in the fii’st 
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pair; their action is to release 
more semolina, and the resulting 
products [9] are elevated to the 
dressing machine on the top floor 
for further separation. The 
coarsest particles (overtails) 
from this machine consist 
mostly of large pieces of bran 
which retain but little floury 
matter, and arc taken to the third 
pair of break rolls, which are more 
finely fluted than either the first 
or second ))air. By their action 
the remaining particles of flour are scraped 
from the pieces of bran, and separated by 
elevating to tln^ centrifugal dressing machine 
1 20] on the floor. 

We have now followed the 

coaiso wheat particles through 
the throe pairs of rolls, leaving 
the grain in various stages of 
reduct if)n (semolina and mid- 
dlings), from which th<^ grc'ater 
part of the bran lias bccTi sepa- 
rated. fn larger mills w’c find 
more than three pairs of break 
rolls, but the principle involved 
remains tlie same. 

Treatment of Semo* 
lina. Ifaving traced tho 
course of the tirst })roduet — 
the coarse w^ieat particles, let 
us now lake up the second — 
th(‘ eonrse .semolina. It will 
be remem bc'red that we left 
this at the rotary sifter, where 
it was separated from products one 
) and three ; it is spouted to No. 1 
puriti(‘r on the second floor. Tho 
purified semolina w'hich has passed 
through the sieve of this machine 
goes to tho first pair of smooth 
rolls underneath for further reduction. The 
tailings of the sieve go hack to the fluted rolls, 
and the offal, which docs not require any further 
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portions, each of which may bo kept separate for 
further treatment. Take, for instance, tho 
cylindrical sieve of a drevsser [27]. All flour that 
passes throiij'h the gauze of fine mesh. Nos. 11 
and 12, is taken away to the flour 
sacks as finished product, but the 
cut-off material which passes 
through the coarser No. 5 mesh 
gauze would in a large mill be 
kept apart and treated separat (‘ly 
from the overtails. It may also 
bo necessary to modify the treat- 
ment from time to time a(!cording 
to the class of matiu'ial dealt 
with, so that it is not possible to 
give a standard to which all mill- 
ing processes will conform. The 
examples we have chosen are, 
however, as nearly as possible 
typical of an up-to-date installa- 
tion. 

Cereals Other than 
Wheat. In conclusion, we 
would call attention to the cver- 
incr(‘asing special tieatment of 
various grains in the preparation of x)atent, 
breakfast, and other foods. Oats in the form 
of porridge nuule by boiling the coarsely ground 
cereal form an important food ])roduct in this 
country, but are now 
being replaced by various 
brands of prepared oats 
obtained by steam- 
ing the grains, (trash- 
ing them between 
rollers, and then 
drying them. Such 
treatment in the 
preparation of so- 
called “rolled 
oats” ni pin res tho 
cell walls and par- 
t ially cooks the 
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grain, so that it requires less cooking for the 
table and is more palatable than untreated oat- 
meal. The majority of the widely-advertised 
breakfast foods are produced in much the same 
manner as wheat flour as regards 
the first stages. As in the milling 
of wh(^at, the first treatment con- 
sists in cleansing the grains, wdiich, 
to be thoroughly cleansed, should 
be put through the scourer, 
separator, washer, stoncr, and 
briisher already described. The 
ck'an grain then pass(^s through 
coarsely-fluted rolls to nmiove the 
outer coat, but tliere is no need 
to make a complete separation of 
the interior portions of the grain 
from tho bran as in the produc- 
tion of white flour. Sometimes 
the grains are first soaked in a 
weak alkaline .solufion to aid the 
removal of the outer skin, but in 
every case the grains are rolled 
after removal of the coarse bran. 
In this state fho pro.liicts require 
a good deal of cooking before t hey are ready to 
he eaten. ‘‘With other brands the treatment is 
carried much further. Some of them are par- 
tially cooked, and, while still requiring some 
cooking, tlm time of cooking 
. is m uch less than for mat erial 

^.1 not so treated. Some brands 

1 are said to be wliolly 

cooki‘d, and ready to be 
eaten as tluy are taken 
from the package. Some 
brands are claimed to bo 
not only cooked but also 
|)i edigesicd. Further than 
this it is hardly 
possible to go ! *” 
(.Mihmr.) The 
products may be 
])artially cooked 
by steam lieating 
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art in the case of “ rolled oats,” and in some 
oases by carrying the cooking further, and then 
rolling as in the case of the thin “flake cereals.” 
In other 
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cases, again, 
the grains 
are roasted, 

,0 r first 
moist cned 
a n d t. h e n 
roasted, so 
t h a t- o n 
0 r u s h i n g 
t hem granu- 
lar products 
a re p r o - 
(luced re- 
sembling 
d r i e d 
r ii m 1) s . 

Tlu' sl»reddc<I pi’(']>avatiourt are obtained by work- 
ing th(* Hoft(‘?ied grains in suitable maebinery. 

Predigested Foods. 

To realise the aim and 
object of th(» treatment to 
which these so-eall(‘d jire- 
digested or nuilted foods 
are subjected we must 
r(‘ni(‘mber that the stai‘(‘h 
of which they are mainly 
eoniposi'd [see Starch] is 
its(‘lf an insoluhh^ siih- 
staniie, and is not available 
for nutrition until it, lias 
lieon .lotod upon by certain 
ferments present in the 
alimentary canal. 'Phus th(' ])anereas s(‘eretes 
a tluid whic^h has the pinver of acting on starch 
with the for- 
mat ion of solu- 
ble suhstanees 
(sugars), which 
llnm by further 
iietion are ab- 
sorbed into the 
system. This 
property of 
a 0 ting o n 
(liydro lysing) 
starch is pos- 
sessed by other 
substances he- 
si(lt‘s those* 
iound in the 
digest iv(' tract . 
fn germinating 
barley 'there is, 
for instance, a 
peculiar fer- 
ment (enzyme) 
termed dias- 
tase, which is 
so fa.r similar 
in its beha- 
viour to the 
action of the pancreatic juice tliat it converts 
the starch into a sugar (maltose). This process. 
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however, docs not use up the diastase, a small 
quantity of which is capable of transforming 
large quantities of starch into maltose. If 

V r u s h t* fl 
eereal.s eon- 
t a i n i n g 
starch lx* 
m ae crated 
with a smalt 
quantity of 
ground malt 
( barley ar- 
rested in 
the (‘avly 
stages of 
g e r m i n a - 
tion), and 
t h e m ass 
1) e k e p t 
w a r in e d , 

till* f<‘iinent will convert a part of the starch 
into sugar (maitose). Tin* drierl mass will then 
contain part of its con- 
st it lu'uts in a shape Himilar 
to that obtaining in the 
alimentary i-anal in the first 
stages of digestion, 
and may therefon* 

> he l•('gal■ded as in 

a ])artially digested 
state. 

In actual mannfae- 
' tnre fli(“ action of the dias- 
tase is not allowed to go on 
loo long as small quantities 
of hy-jiroduets would he 
rise to nn])leasanl tlavonrs, 
many mall(‘d or | redigested 
foods contain 
only a small 
proportion of 
their starch in 
tJie form of 
sugar. TTow- 
('ver that may 
he, actual 
feeding trials 
hav<* shown 
that tliese so- 
called pre- 
digesti'd foods 
have little or 
no advantage . 
t)Vt‘r (irdinary 
wdieat(*n bread 
in nutritive 
value in spite 
of wJiat is 
f r e q n e n 1 1 y 
claimed for 
them. U will 
be found ditli- 
eiilt to im- 
prove upon 
the ordinary 

wJieaten bread mtide from grain whicli has been 
carefully cleaned and properly milled. 

Miltimj rA)nchided 
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obtained. 
For this 
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Group 10 

ELECTRICITY ELECTRIC ACCUMULATORS 

22 The Secondary Cell. Plante’s Type. Faure’s Type and its Modern 

conttnuci from Equivalcnts. The Capacity and Efficiency of Cells. Care of Accumulators 

ptilje .‘JO !•_’ 


By Professor SILVANUS P. THOMPSON 

A DRAWBACK willi eliHJtriciiy when used for in a spiral, so that the cell appeared as shown 

lighting purposes is tJiat it cannot be stored in 210. The process of forming Plante’s accumu- 

to anything like the same extent as gas. If the lator was long, as it had to be charged and 

gas generators break down, tlu re is a supply discharged carefully many times before it was 

of gas in the gasometers to go on with for some completely made and ready for use. 

time. With electricity we have, however, a Faure*s Pasted Plates. In 1881, Fauro 
method of storing electric energy, to lie correct, modified the Plante accumulator by giving 

and not electricity its(‘lf, but the apparatus is the two lead plates a preliiniiuiry coating of 

so costly and ciimi)(*rsomo that it is not jiractical red lecul. When a current is passed through the 

to install it to such an extent jis to cope with the cell, the red lead is jieroxidised at the anode, 

total demand of a station for any length of and reduced in a succession of stages to the 

time. It is these facts which add force to the spongy lead state at the kathode, and thus a 

remarks made on page 2816 on tlie subject of greater thickness of active material is provided 

the economic geni^ration and the which takes a much less tiiiu' to 

charging for electric energy. vm ^ form, but is mechanically weaker. 

The Secondary Cell. The Present Day Construction, 

apparatus used for the storing of Most manufacturers have now fol- 

electrical energy consists essentially lowed Fan re’s method, hut they 

of a vpltaic cell [page 402], the jilates BIf pi’O'ido a better meelumieal support 

of which consist of lead or compounds for the active material, A modern 

of load. This makes them heavy. typo of cell, as fitted in a glass box, 

Thoir electromotive force is about 2 shown in 211. The first proee.ss in 

volts, so that for the ordinary, light the eonstruotion is the easting of a 

and power circuits of to-day, run- ^ leaden grid, which is to hold the 

ning at 200 volts, over 100 of these 'tHIl ||||^ jnH|| paste. 4’he patterns of these grids 

cells arc required. Also, they ean he ; are different with almost every firm, 

used only with continuous currents. : M || H j|H|i the object in the various designs 
In country-house installations ijl B being to obtain as rigid a support 

where a little extra expense is not- 'v-||[jj|jj J for the mass of pa.ste as is consisttmt 

a consideration, and where the load 'rBi||l|W with a minimum amount of metal, 

IS quite small, storage batteries are Hij|| B 1|^H ; for the grid is entirely inactive from 

put in which will deal with the full ^Jil|!|||p the electrical point of view. A 

demand; hut in large stations a <Hl|ij||.:;| common construction of grid is 

battery of such a capacity only can ||HI ^ shown in 212. In tlie melting of the 

be installed as -will help tlie engines iH ' metal for easting, a small percentage 

and generators during the ])eriud of JHR'; of antimony (a constituent also of 

‘ the highest load. -"•Iliiil-! ll^Hi metal) is added to impart 

The fundanumtal principles on - rigidity and hardness to the soft 

Avhich the electric accumulator is |My lead. ‘No other metal is found to 

based have already been given on withstand the action of the acid, 

})agt^ 463. U'e sa>v there that : aluminium having been tried on 

when a cell is made of zinc and account of its lightness, and 

C50pper dipping in dilute acid, huh- • failed. 

bles are formed on the plates, due 210 ^L\NT^''s 4ccuMiJr.\TOR ]>aste is made by mixing 

CO the chemical action of the cur- ... .. litharge) with 

rent, and thesis Imbhles polarise the cell or set up dilute acid in a mixing mill, and it is then 

an electromotive force which, ojiposing that of worked into the grid.s as mortar is spread 

tlie cell itself for the time being, renders the cell along a line of bricks. The lugs of the plate 

useless. In 1860, Plante devised a cell of two thus pasted arc then east together in batches, 

sheets of lead, which in thom.sclves, of course, acconiing to the capacity of the cell, and the 

gave no electromotive force, but when charged plates arc then erected in temporary glass tanks, 

from an outside source, an electromotive force and the crurrent for Arming them is passed 

counter to tlu^ .source of supply is set up, due to through them continuously. In the course of 

the negative plate becoming covered with a coating hours, the one plate becomes gradually reduced 

of the brown peroxide of lead, the positive plate at to spongy lead, and the other is further oxidised 

the same time assuming a spongy metallic state, to form the required broAvn peroxide, 

so giving a large amount of surface of high Capacity of Accumulators. What is 
chemical activity. In Plante’s original type, knowm as the capacity of the cell is measured 

he took the two \oad stnps and rolled them up ia ampere-hours. To understand how this 
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passage to the bottom of the coll. A brown 
or positive plate is found to have only half 
the life of the grey or the pure lead plate of 
similar type of construction. This will l)e 
easily unclt*rstood when it is romeml>ered that 
the negative plate is of pure metal, while the 
other is still only a powder, which has been 
rendered solid for the time being by bemg 
made up in the form of paste. Further, in 
connection with this matter, it Is the general 
rule to have an odd number of plates in a cell, 
the two outside f)lates of the compound sand- 
wich being negatives. 

Supporting the Plates. It is a difficult 
matter to support in a thorougli mechanical 
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213. VOLTAUE VARIATIONS dVrING CHARGE AND 
DISCllARIJE 


way a number of heavy lead plates with a 
minimum allowance for clearance. They must 
not bo allowed to rest on the bottom of their 
box, because then the fallen paste easily short- 
circuits the plab's at the bottom, nor. for 
the same reason may they be supported upon 
wooden blocks. The usual method is to cast 
the grids with side lugs, as shown in 212, Avhich 
rest on the top of lh(' boxes as in this case, or, 
if arranged further down the grid so a.s to be 
below the surface of the liquid, on wooden or 
glass supports, which are filb'd against . the 
two sides of the box, and r(*st on the bottom. 
The plates thc'tnselvcs are kept apart by insulator 
rods of glass or ebonite, which are placed lx*tween 


conditions hold, and in cases of high density, 
w^hicli sometimes occur on account of surface 
evaporation and spraying, should be at once 
remedied by the addition of distilled water. 
It will sometimes be found in a number of cells 
that one or two are not kec'ping np tlieir voltage. 
These should be disconnected from the set and 
given a special charge for about four or live 
times longer than usual, when it will often be 
found that they have come up again to the nor- 
ma! state. Most manufactunTs issue detailed 
instructions with their C(*lls and these should he 
carefully followed. With large batteries, also, 
it is usual for the makers to contract to keep 
them in order for a period of years. 

Housing of Accumulators. The accu- 
mulator house should be shut off from all 
other ])arts of the building, and, if possible, 
should he a distijict erection. The y‘'e of metal 
in its construction sliould be avoided if t^ossible, 
the roof principals being made of wood(in 
beam. whitJi ean be lusavily varnished or coated 
with some acid-resisting ])aint. All electric 
conductors should be treated in the same 
manner. To stop tht^ s[»ray during charging 
from spreniting throughout the rooms, some 
makers plaee cork granuli‘s or hollow glass balls 
on the surface' of the liquid ; but a more 
g<*neral, although not so effective a renu'dy, 
is to rest a glass plate across tlie supporting 
lugs at th(‘ top of the plates. 

Use of Storage Batteries. Several 
uses of storage batteries have already been 
mentioned, such as a standby in case of ac^oident 
or a help in case of excesvsive demand. The 
small accumulator is also a handy source for 
portable use, and many sets arc sold for cable 
testing and field telegraph w’ork in which they 
have supplemented the older primary batteries. 
Perhaps th(^ most valuable use of the battery is 
on traction systems where the load is continually 
fluctuating in value. These fluctuations do not 
conduce to the good w^orking of the generators, 
and so a battery is installed parallel wuth 
them, and this takes the large momentary 
demands, receiving back its energy in turn from 
tlio generator in tiimvs of a slack demand. This 


them during erection. 

Care of Accumulators. There are 
perhaps no more delicate pieces of apparatus 
coming under the care of the electrical engineer 
than accumulators. To keep them in good con- 
dition they should he charged and discharged 
as regularly as possibU?, and, if possible, should 
not be partially cliarged and then partially dis- 
charged, as by treating tliein in this .irregular 
manner they deteriorate much more (juickly. 

Another important matter is to keep the acid 
at the correct specific gravity [see Phy-sics]. 

This varies during the period of charge and dis- 
charge, as the chemical actions which go on 
involve the splitting up and remaking pf mole- 
cules of water. The correct spcciflc gravity system has been further improved by the use 

at the full discljargo is about 1*175, and at full of boosters [page 2247], which help in ensuring 

charg'^ 1*21. Ciel’s should he tested with suitable that although the demand is met, the battery 
hydrometers at least once a w^eek to see if these is not excessively charged or discharged. 

CoiUinutd 
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support-s to tbo walls carrying the dome. 
CharacUTisti(3 example's are the church of 8. 
Stefano Rotondo, and the Baptistery of the 
LaUaan, in Romo (,39]. 

The Byzantine Period. With the de- 
cline of the Western Roman Eminre, Byzan- 
tium, now known as Oonst-antinople, >)ecame 
the centre of the civilised world. The churches 
erected in the time of Constantine and of his 
immediate successors still followed the basilica 
plan; but in the fifth century, under Justinian, 
the art, and more particularly the architecture, 
of the Eastern Empire receivexi a definite 
stamp and fully devc'loped the tendencies 
which constitute tin? Byzantine style. Byzantine 
life is refiected in the painting and sculpture 
of the period, whicli soon took settled, dogmatic 
forms inca|)able of further development. In 
architecture, however, the general use of the 
dome (which was taken from the East rather 
than from Roman examples), and all the 
changes it carried in its train, introduced new 
life and new possibilities into this art. 

A lofty central dome is generally connected 
with quite a system of smaller cupolas and half 
cupolas, and necessitates a circular plan instead 
of the rectangular nave. In order to join the 
cupola to the square walls, the curved triangular 
pendent! ve or spandrel has to be introduced, 
resting on mighty shafts. Through these devices 
large wall spaces wx^re gained, which gave special 
opportunities for sumptuous mosaic decoration. 
The kernel of the Byzantine churches consisted 
of bricks and mortar, cased on the outside with 
marble, and decorated in the interior with 
paintings and mosaics. In fact, whereas in 
Rome the dome was used in conjunction with 
the Greek tralieated system, and the effect 
depended op architects . 1 articulation, in Byzan- 
titnp llftidoncy was in the direction of flat 


surface decoration ; and even the eanitals, 
cornices, and friezes gradually lost their clearly 
marked classic play of light and shade. 

Famous Examples of Byzantlae Art. 

The church of St. Sophia, in Constantinople, 
now a Turkish mosque with all its former 
glittering splendour hidden under a coat of 
whitewash, is the most glorious example of the 
full (lower of the Byzantine style [42]. The 
colossal building, the central dome of which has a 
diameter of 107 ft. and a height of 180 ft., was 
built by Justinian in five years (532-537), which 
constitutes probably a rccoi*d in rapid building. 
Equally famous and characteristic is the church 
of St. Mark, in Venice [38], built about 1 100 on 
the model of the church of the Holy Apostles, 
in Constantinople. 

From Byzantium the new style spread to 
Italy and the rest of Europe, teking root first 
in Ravenna, whore the church of San Vitale 
combines many Byzantine elements, such as ilie 
gallery resting on the inner octagonal colonnade, 
with a plan based on that of a Roman temple. 
In Ravenna, too, wo find for the first time an 
indi'pendent campanile, or bell tower, which is 
not joined structurally w ith the church, but rises 
from the ground in cylindrical shape, crowmod by 
an almost fiat roof. In Italy these independent 
eampanili were generally adopttxl in Romanesque 
architecture, whilst in Northern Europe the bell 
towx^r formed an integral part of the church 
building. The ill-fated Campanile in the Square 
of St. Mark’s, Venice, which collapsed a few 
yeai*s ago and is now being rebuilt, was the most 
famous erection of this kind. In England the 
Byzantine style of architecture has never taken 
root, but the late Mr. Bentley’s new l^athedral 
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at Westminster presents a notable in- 
stance of a successful modem adaptation 
of Byzantine architecture. 

Painting and Sculpture. In 

sculpture and painting, as in archi- 
tecture, early Christian art in Rome 
was dependent on pagan prototypes. 

The subject was changed, but the 
manner remained the same, and the 
paintings in the catacombs bear a 
strong resemblance to the wall paint- 
ings of Pompeii. The fear of falling into 
the errors of pagan idolatry must have 
acted as a strong check to artistic 
activity, especially in sculpture, and, 
indeed, free-standing statues of the 
period are exceedingly scarce. In paint- 
ing the danger was less obvious ; it is 
le^ corporeal, and better suited to the 
expression of spirituality. Nevertheless, 
the earliest paintings show few traces of 
that spiritual ardour which later led 
Christian art to its most glorious achievements. and pleasing proportions was lost, whilst a 

The repugnance of the early Christians to repre- striving for the expression of spiritual grandeur 

senting divine ideas in human form led to the took its place, until By/antinism for a time veiled 

introduction of symbols, such as the fish, the the offshoots of the Roman tradition, which, 

alpha and omega, the cross, the palm branch, however, kept smouldering under the sumptuous 

the vine, and the lamb. Amidst this new world formalism introduced from the Eastern Empire, 

of imagery are still found pagan ideas, such as Gorgeous splendour was the keynote of the 
Orpheus teaming the beasts and personifications art that had dev(‘lopcd in Byzantium, and found 
of day and night, rivers and mountains. expression not only in the rich decoration of th<i 

It is quite obvious that the original significance churches, but in the very co.Mtumes, resplendent 

of such subjects had been entirely lost sight of, in gold and embroidcuy and precious stones, 

and that a new application had been given to which had replaced the festive white? garments 

mythological figures. In painting, as in the relief of antiquity. A stiff, ceremonial formalism per- 

sculpture on sarcophagi, Roman art was thus vadeseverything — life as well a.s art. The striving 

perpetuated in a debased form. The artist no for dignity, repose, and stateliness soon prescribed 

longer delighted in the beauty of the idealised certain formulas for the representation of the 

human form, an I gradually the sense of grace human figure, and certain attitudes which refieet 

the strict ly imfiosed cM'remonial of the Byzantine 
(-ourt. The ligun^s an? unduly elongated, the 
faces forced into a narrow oval, with large eyes, 
long, narrow nose, and small e.hin. The expr(?s- 
sion is as serious and dignified as the general 
attitude, and shows no trace of emotional 
life. Only the miniatures of the period ri‘taiu 
faint echoes of the antique and show traces of 
individuality, '.rhe subjects are. tlu? same as 
in early Christian art; Clirist in glory, sur- 
rounded by angels, the Virgin enthroned in 
solemn dignity, figures of saints conventionally 
robeil in garments that never suggest the shapes 
hidd(?n unclerntjath them, and repr(‘S(?iitations of 
the emperor or empress in state. 'Phe mosaics 
in the choir of San Vitale, in Ravenna L^l], are 
the finest examples extant. 

Arts and Crafts of the Eighth Century. 
In the eighth century the iconoclasts in blind 
fury destroyed most of the works of art of the 
Eastern Empire ; and numerous painUas, sculp- 
tors, ivory carvers, goldsmiths, and enamellers 
were driven from the country and took up their 
abode in Western and Central Europe. In minia- 
ture painting, for instance, Byzantine ideas soon 
rulcci everywhere but in Ireland, where an inde- 
pendent ornamental style had taken root. 

It is scarcely too much to say that fron^ the 
eighth to the tenth century the crafts of Europe — 
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always excepting the extreme north, where Celtic 
ornament had become an ineradicable artistic 
tradition — were entirely in the h‘mds of Byzan- 
tine workers and their followers. Their skill 
in ivory carving, in metal work generally, and 
particularly in enamelling and filigree work, in 
weaving and embroidering, was inimitable. 

Moorish Art, Byzantine influences, to- 
gether -with those of India, Bgypt, and countries 
conquered by Mahomet helped to shape Moorish 
or Saracenic art. This art is entirely confined 
to architecture and ornament — which is generally 
applied to architecture — since painting and 
sculpture, or the creation of images, were strictly 
forbidden by the law 
of Mahomet. Even in 
architecture, the Mo- 
hammedans did not 
arrive at a settled style, 
and their buildings show 
a curious mingling of 
sober bareness on the 
exterior and exuberant 
ornamental fancy in tlie 
^decoration of the in- 
terior. The mosques did 
not follow a fixed plan, prescribed by the use 
to which they were put, h’ke the Christian 
churches, but are arranged in a haphazard 
fi^hiun, the only common members being a 






spacious court with a fountain for ablutions, a 
hall for prayer, the “Holy of Holies” for the 
keeping of the Koran, and slender minarets for 
tho muezzin’s call to prayer. (Columns and 
arches arc abundantly used for the extensive 
halls and arcades, and the inner walls are covered 
with a wealth of arabesques and ornamental 
motifs in coloured tiles and carved stone. 

Extensive Use of Domes. Domes are 
extensively used, and the arch received a variety 
of now forms iu tho hands of the Arabs, who 
introduced the pointed arch, composed of two 
segments of a circle meeting in tho centre of 
the arch ; the hoi’seshoe arch, formed of a 
segment of a circle 
which considerably 
overlaps the semioirole, 
and the ogee arch, 
which rises from each' 
side like a semicircle 
and then turiis upwards 
until the two lines meet 
in a point [43]. 

Examples of Saracesilo 
art abound in Turkey, 
in India, in Western 
Asia and North Africa, and in Spain. Hie 
Alhambra, in Granada [40], and the Taj-Mehal, 
at Agra, are among the most fft.m,nnif buildings 
of this type. 
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The Outfit Necessary for Plain Needlework. Materials Required. 
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Their Widths and Price. Woollen Materials. Trimmings 
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By AZELINE LEWIS 


IN the making of underwear a knowledge of the Reveral other makes which are excell<;nt for the 
“ art of sewing,” or plain needlework, is the purpose. Linen and fiourishing threads will be 

first requisite, for though the machine has super- found useful for linen and also in some cases for 

seded hand work of late years to a great extent, flannel work, whilst for marking purposes 

it cannot and will not do so on the finer and D.M.C. cotton should be employed, unless the 

best kind of lingerie, in which hand work still woven letters or ink be preferred, 

reigns supreme. For flannel work a special make of silk is sold 

Requisites. The requisites for plain for embroidery, festooning, etc. , . , , 
needlework must first be considered. , Ihimble. A good, well-htting thimble is 

Needles. A good supply of the best needles a necessity If the indentations are at ail 

is essential ; it is of no use to buy inferior rough they will catch and tear the thread or 

makes, as these bend and are not to be depended . . , . . , 

on for good work. Various sizes are required, as ‘‘"“ery CkJsinoN. An craeiy cushion is also a 
stitches vary a good deal. Those known as very necossaiy part of the ontht for those whow 
“sharps” are most in use for plain sewing, hands are inclined to be warm, ^ that tlie nt^e 

Nos. 6, 7, and 8 lieing veiy useful sizes ; but '"“V through (his and kept smooth, 

the finer ones will be needed for very fine work, . ^ ^ etc. Amongst the other requi- 

with a supply of “ betweens,” which are shorter ?'•“ Plam needlework we must mention a 
than sharps, and are required for fine whipping, f?'' inning in tapes and riblioiw ; some 

insertions etc mixed pins (very sharp-pointed ones) ; 

As simple embroidery is also required in tape of various widths, the smooth India or (Mna 
making goixl underwear, needles must lai pro- ““^e sold woiind in oblong forms iKung the 

Tided for this, and care should be taken that the .“"d Pf^’’* buttons of assorted sizes, 

eye will take the thread loosely, for unless this the former should be nil linen not with holes ns 

is relatively larger than the body of the needle these, when washt'd, are apt to discolour tho 

the silk or thread will drag, and either pucker niatcrial ; hue piping cord ; a lead jieneil to 

or tear (he ma(erial and roughen tho threiul. define width of tucks and hems ; a siuall, sharp 

MiU'hino mxsdles ai'e of a class by theinwilvos, penknife for unpicking, though this should not 

and each machine has its own s,)eeial kind; ^ absolutely necessary ; a little 

but, of course, these must eorrcsimnd with tlic stremg li.ming cotton it requin.d m 

work, and a coarse needle must not l)e employed gi^^thers, etc\, and for the macbim^ if tho malenal 
for fine materials. ‘ contains much dressmg ; and a good yard 

Scissors. Of these two pairs at least are measiu’e. 
required — one fairly largo, for cutting out, and Materials Employed. The materials 
the other short, sharp, and not too finely pointed, generally employed in th<^ making of underwear 

for paring away edges of insertion, etc. If very are given below, with their r(‘S]xictive widths, as 

sharply pointed they are liable to make holes or they vary a gocxl deal, and thus eonsidcu'ably 

cut the lace which is being inserted, and cause affect tlu^ quantities required for the ditTenuit 

almost irreparable damage. \ medium pair for garnunits. 

oixiinary work may be well added to the list. A ix>NOfjrx>TH and Calico. • These are employed 
stiletto is also useful for making eyelet-holes for ordinary underwear, either plain or twilled, 

and the first incision for a buttonhole, unle.ss They are usually a yard wide, although the 

buttonhole scissors aie added to the outfit. better qualities run to 41 in. and 45 in. in widfh. 

Cottons. A fair supply of cottons of the Madapolam. Tliis is a very fine, soft make 
unglazcd variety will also be required. Hcr^, of loiigclotli, which is generally employed for 

again, a good make is absolutely necessary for fine underwear, as it is almost entirely free from 

good work, as tho inferior makes twist and break, dress. It is about 42 in. wide, and may be had 

and the effect is spoiled. Tho numbers vary in a good quality from 10 Jd. yard, 

somewhat with the makers, but Nos. 40, 50, and Unbleached Calico. Unbleached calico is 

60.,may be considered the most useful. For very much used by the working and poorer classes 

fine work the higher numbers, 70, 80, 90, and on account of its cheapness, as it can bo 

100 may be needed. For tho machine, also, see bought from 2d. per yard. If pro{K?rIy washed 

that the muke is good, and use a finer thread for it soon loser, its yellowish tint, and is excellent 

the under than the upper one. for charity purposes. 

Harris’s fine lace threads will also be found Enoush Nainsook and Cambric. I’hese arc 
admirable for working insertions, etc. For the fine and thin in texture, and are used for fine 
embroidery portions, Brooks’s and the D^M.O. underwear-^chemisos. camisoles, frills for oma- 

oottoas may be recommended ; but there are mental purposes, etc., and vary from 30 in. to 
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45 in. in widths the prices being about the same 
as longcloth and madapolam. 

Pbbnch Nainsook. Somewhat finer in tex- 
ture than the English moke, and is about 42 in. 
wide. 

FfcENCH Cambric varies from 26 in. to 34 in. 
in width. 

Irish Cambric. 26 in. wide. 

French Mull. This is also employed in the 
best underwear, and is 47 in. wide. 

Linen. Though not so much used in these 
days, linen is still extensively employed in the 
finest makes for the highest class underwear. 

Irish Linen. About 36 in. wide. 

French I^tnen. 32 in. wide. 

French Linen Lawn. This is a particularly 
fine and beautiful make of linen, varying from 
36 in. to 40 in. in width, but is somewhat ex- 
pensive, the best being about 48. 6d. })er yard. 

Irish Linen Lawn. Huns about 36 in. in width, 
and, like the last eight makes, is only suited to 
those who need not consider the price. 

Washing 8ilk. In addition to the above- 
named materials, silk is now largely employed for 
fine underwear. It should l>e of a good quality, 
the twill make being the best. 

Coloured Underwear. White materials are 
generally preferred for underclothing, but fashion 
at times takes a fancy for colours, and cambric 
and silk in pale blue, pink, and heliotro}x% and 
even black, are seen in our fashionable “ lingerie ” 
shops, and worn by those with a taste for the 
fanciful. 

Since woollen underwear is now so much worn, 
a list of the materials cmployc'd must of neces- 
sity bo included. 

Ftannel. For the best wool km undergarments 
fine twill or Ceylon flannel arc the usual materials, 
together with Viyella and some of the finer 
Welsh makes, with the gauze flannel for summer 
and tropical wear. ITiese vary from 27 in. to 36 
in. in width. It is, however, not advisable to 
purchase a too fine or <dosc make of flannel, 
as it washes hard and thick. 

Bath Coating. This is a kind of flannel very 
suitable for petticoats, being somewhat stronger 
and thicker than the usual make. It varies 
from 45 in. to 54 in. in width. 

Nuns’ Veii.in(j. Those who want something 
warmer than longcloth and yet not quite so 
heavy in texture as flannel often select nuns’ 
veiling, which makes up and washes admirably. 
It should, however, be of a good quality, and is 
about 44 in. wide. 

ScoTCHi Wincey. This, a mixture of cotton 
and wool, is not a new material by any means, 
but of late years it has come much to the fore 
for making underclothing, forming the link 
betwieen calico and flannel. It is smooth in 
texture and both wears and washes beautifully, 
as it has not the tendency to shrink which is 
<me of the disadvantages of the latter, and is 
in many ways preferable to the flannelette 
which it may be said to replace. The finer 
makes ^ >Rlmost be drawn through the pro- 
yerbial ihjg, but.^.tbe ingteria] can at pre^t 
6^ b6i;i0^ain3d ui Scotland. 


Flanneuqtts, This has of late years taken 
a very favnuEPable pksoe in public estimatioh on 
account of its cheapness and its comfort for all 
kinds of underwear. Its mfiammabitity is, how- 
ever, its disadvantage, and many deaths have 
taken place through this dangerous quality, par- 
ticularly among cnildron. There is, however, a 
“non-flam” variety obtainable, in which the 
dangerous element has been eliminated, and 
which we have tried with perfect success. It 
can be had, like the other makes, in aO colours 
and qualities, and its non-inflammable quality 
is not impaired by washing. 

Cosy Cotton Flannel. Similar to flannel- 
ette, being soft and warm, and, like the above 
material, is, in spite of its woolly texture, made 
of cotton. 

Trimmings. With respect to trimmings, 
Swiss and Madeira embroideries are generally 
employed, with muslin and jaconet embroid- 
eries for finer wear. Coventry frilUngs are also 
largely used, and thi^se are manufactured in a 
great variety of widths and edgings, and only 
require drawing up by the thread wx)ven in the 
upper edge lt)efore sewing on. They wear 
admirably. 

Liicc is also much used for fine and ornamental 
underwear. Torchon and Valenciennes being 
the two kinds adaptetl for the purpose, in the 
real and imitation varieties. Heal Valenciennes, 
is rather exjHinsive, whilst real Torchon is 
somewhat cheaper, but excellent and good, 
imitations of both can now be obtained which 
wear and wash well. The round ground Valen- 
ciennes is better a^lapted to underwear than 
that with a diamond groundwork, l)eing 80 ini>- 
whai stronger and better able to resist the on- 
slaughts of the average laundress. 

For flannel underwear, flannel embroideries 
and insertions are €*mployed, as well as Torchon 
lace, whilst hem-stitched silk frilling adds very 
much to the daintiucs.s of a flannel nightdress. 

Hairpin and croeliet work in silk make a 
charming trimming for flannel wear, for which 
the worker will find directions in various books 
on fancy work, as well as the crochet and knitted 
lacea ivhieh are much liked by many for the 
adornment of their undergarments. 

Machibe-made braids with various kinds of 
fancy stitehing can be bought ready made, ami 
are used in the less expensive kinds of underwear ; 
but in the b^st class of lingerie, as before said, 
handwork alone is requir^. Much practice, 
however, is needed before tliis kind of underwear 
can be attempted ; the fine tuckings, insertions^ 
and embroideiyr on the finest of materials make 
some of the garments quite works of art. 

Ribbon insertions are required for the edges 
of camisoles, chemises, etc., or any portion 
requiring a ribbon run throng in the m^e 
ornamental lingerie. They may bo of lace, muslm, 
jaconet, or longcloth, according to the edging 
employed in trimming, and vary from three- 
eighths of an inch to one inch in width. 

Veining, or beading, is a very narrow open- 
work insertion used to unite scanio fororoamental 
purposes in the best underwear. 
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When rivets are closed by hand the taUs are 
beaten over with hand hammers, and neatly 
finished with a snap [212], which is struck with 
a sledgo hammer. In machine work the ram 
slides out and squeezes the tail into sliape at 
once, or beats it do^m in a few blows. 

Caulking. The joints of the plate faces 
are rendered water and steam tight by caulking. 
That is, the edges arc burred up with caulking 
tools, a group of which is shown in 213. The 
differences in these are : A is the broad caulking 
or fullering tool, sometimes used alone, but more 
often following the narrower tool B. The 
objtxdion to the latte is the risk of its bending 
the plate, and opening instead of closing it, 
as at side A in 211, where the nick made by 
^0 caulking tool is also indicated. In 213, 0 
is a tool used round rivet heads in conical 
tubes, D is a heavy tool which is struck by 
the sledge. Caulking is now largely done by 
pneumatic hammers, which operate much 
more rapidly than the handworker. 

Rolled Sections. The rolled sections 
which fill so large a place in the plating shop 
and to a less extent in the boiler shop include 
angles, channels, joists, and tecs [214, black 
sections], the functions of which are primarily 
as a means of union for plates, or as bracings. 
But they arc also used largely as elements from 
which beams, stanchions, and columns are 
built up cheaply. The number of combinations 
thus available, and the range of their dimensions 
run into many hundreds ; in fact, to illustrate 
and describe them and their functions would 
occupy a goodly volume. Of the sections 
themselves sho^vn in black [214] (against 
bending blocks, to be noted presently), the 
most common is the angle A. The flanges are 
equal as shown, or unequal in width. They 
are square throated or round backed, and bulbed, 
right angles [A] t)r aciUe or obtuse [B], and all in 
a wide range of thickness and width of flange. 
The channel C is made in a similar range of sizes, 
and with different proportions of flanges and 
web. The joist, beam, girder, or H -section, I), 
is of extensive utility, and is often in itself a 
cheap substitute for ^ams built up of plates 
and angles, or of plates, angles, and bracings. 
The tee section, E, is equally useful. A variation 
on it is the bulb tee, used much in shipbuilding. 
The rail section, F, is used to a considerable 
extent in some classes of plating for civil 
engineers, especially in the form of old rails. 

Angle»iron Smiths' Work. The opera^ 
tions by which these rolled sections arc prepared 
for the plater are largely done by men distinct 
from the platers, the angle iron emUhs, whose 
work lies wholly at the forge. They bend and 
weld where welding is done, and flange plates, 
if this be done at the forge, though most of it 
is now appro^mated by flanging machines. 'Hie 
equipment required for this work include a 
large variety of heavy cast blocks, besides the 
usud appiianoes of forge, which are nearly 
common /with t hose employed in the ordinary 
Seotkms are generally now cut off to 
'' a cunhjdar aaw {cM eoiv). The welds 


are made aliinost mrariabiy of the Immi, atld 
w<»rk is done in detail at soocessive heats, shies 
it is imjpossible to weld simultaneously round two 
webs of, say, an angb. 

The blocks shown in hatched sectiem in 214 are 
examples of bending blocks, each suitable jk>r 
the rolled section shown lying against it. Ihe 
shapes imparted in plan view may be anything, 
l)eing made to suit the curve or bend required, 
such as circular or angular, or embod 3 nng com- 
binations of curves and straight pcHiions. The 
holes seen in the blocks are for bolting or 
cottaring them down to the hheh [215], on 
which the operations of bending are oommonly 
done, the case of special blocks excepted. The 
large number of holes cast in this block permits 
of bolting anything down upon it for secure 
fixing. Frequently two or tnree such blocks, 
but without holes, are bolted together edgewise 
to form one large block to be used for levelling 
plates upon, a subject to bo noted presently. 

The Glut Weld. This form of weld was 
illustrated in the article beginning on page 
298.3. If a glut weld has to be made in an angle 
section, each side of the angle is done separately 
at successive heats. It is necessary first to scarf 
the ends, which is done by cutting them while 
hot with a hot sett. The ends are then brou^t 
into opposition and retained with clamps, and 
the joint portion put into the lire and brought 
to a welding heat. 

The glut is also heated in the same fire, or in 
one adjacent. Both are taken out at the same 
instant to the anvil, and a few blows with a 
hand hammer effect the weld. If the joint be for 
an angle, a second heat has to be taken for tlie 
other web. Only after the welds arc made is 
there any attempt to impart a neat finish to the 
siurfaces, for which another heat mayor may not 
bo required. It is not judicious to do much 
hammering on iron or steel after the metal has 
lost its redness. The results are more serious 
in tlie case of steel than of iron, consisting of a 
marked reduction in ductility. 

If a long glut weld has to be made, it may often 
have to be done in more than one lieat--^ay in 
lengths of 5 in. or 6 in. at a time. A separate length 
of glut is used at each section. Gluts are used 
not of the length of the weld to be made, hut 
3 ft. or 4 ft. longer, to afford a length to be held 
in the hand (a porter bar). The supplementary 
portion is cut off after the weld is made. 

Welds of Corners. In plated work a 
good deal of welding of comers is rendered 
necessary because rolled sections caimo): be bent 
at right or acute angles on account ol fibie crum- 
pling, or extension of the web that Ues fiatwise in 
the plane of bending. This subject of orumphng 
and extension on opposite sides of the neutral 
axis was explained in last chapter. It is 
necessary, before welds can be made in any of the 
sectio^ shown in 214, to cut away in some cases* 
or to' insert gluts in pthera. Thus, in 216, if W 
angle bent inwards has the web on the Inaidie, 
then a poriitm must be out out as at A, and dhe 
^dsoverhH»ped,B,0.aiidw«^^ Tlmbocif^ 
of an uncut web wofdd SKotoee 
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up of the metal. An alternative device to that 
at A Ih shown in D, where a notch is cut, with 
a projecting lip, and when the angle is bent the 
lip overlaps and is welded. An open space is 
Irft which is filled by welding a punch^ burr 
there. ¥’ shows one method of securing an angle 
on a block during the act of welding it. If an 
angle, when bent, has its web on the outside, then 
a portion must also be cut away, and a filling-in 
piece inserted. The reason is that the bending 
of an uncut web would produce either extreme 
attenuation of the metal or its actual rupture. 
The latter would occur when the tensile streiis 
exceeded the U^nsilc strength of the material. 
And what would occiu' in angles also applies to 
toes, channels, and other rolled sections. G 
shows the notching of such an angle, H its ap- 
pearance when l)ent, and J the same ready for 
welding. A flat piece, o, is laid on to cover the 
joint, being attached to a porter bar 6, which is 
cut off after the welding is completed. 

Boiler-maklng. This is a trade which 
has more in common with the work of the plater 
than of the engine smith. It involves plating, 
and the work of the angle-iron smith, as well as 
some of the elementary processes carried out by 
the engine smith. The materials for boilers 
occur chiefly in the shapt^ of rolle<l plates, angle 
sections, rivets, and stays, Avhich require different 
treatment from bars and rods forged at the 
anvil. The range of operations involved includes 
those of the smithy, but extends much beyond 
tliem. Besides this, the ty])C8 of boilers vary so 
widely that each great group involves the 
employment of machinery more or less s|)ecialised 
ana requires the services of men who are speci- 
alists. 

llio boiler-maker employs steel plates, which 
have to be levelled, and bent, drilled, and 
riveted. He docs not use so many rolled sections 
as the plater, his requirements being limited to 
angles and tees chiefly. Machine riveting has 
displaced liand riveting with him Jis it has in 
the platter’s work. A.s these trades occupy so 
much common ground wo shall not repeat 
statements that have been already made, but 
give attention to a few matters that relate to 
boiler work only. 

Difference Between Boiler WorK 
and Plating. Put in a nutshell, boiler work 
differs mainly from i)later’s work — i.e., bridge 
and girder and cognate structures — in the fact 
of ita having to withstand the effects of, high 
tempe^tures and high pn^ures. Tliese are the 
two conditiona that render boiler-making a trade 
apart from plating, notwithstanding t£at it is 
80 closely allied to that and smiths' work. 

Dock gates, penstocks, the walls of tanks, 
and hydraulic fittings have to withstand severe 
pressures which arc often as great as those in 
steam boilers. But the conditions are not 
identical between the steady, solid pressure of 
water and the pressure of elastic gaseous steam. 
Rupture in the first, simply means leakage, no- 
thing ; in the second it involves tmible 
destruotkm, so that in boilers the materials 
must ^erally be of better quality than those 
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used for plating. Shearing and punching as 
finishing operations have long since been aban- 
doned, and very careful caulking is ei^ential to 
make steam-tight joints without injuring the 
plates. Besides this, there is the vast amount of 
practical detail involved in furnace construction 
and in the precautions taken to avoid as far as 
possible the effects of expansion and contraction 
of boiler parts due to heat, which have destructive 
results on joints, seams, flanges, and plates. 
Gonnocted with this is the subject of or 

affording just the right amount of support to 
plates much too weak in themselves to resist 
high pressures. 

Details of Boilers. The principal ele- 
ments in boiler construction are the following; 
the shell, the' funiace, or fire-box, the tubes, 
the combustion chamber, the smoke-box, and 
the fittings. With work outside the boiler, such 
as its Beatings, brickwork flues, chinmey, mount- 
tings, including the furnace doors, mechanical 
stokers, and economisers, wlieii such are used, 
the boiler- mak(‘r is not concerned. His work 
ends when the actual boiler is ready to be put 
into its place. As wc cannot describe in the 
space available the construction of the different 
kinds of boilers, the remarks to follow will be 
generally applicable to any boilers in which the 
elements named occur. Three boilers are 
illii.strated a.s examples on which to hang the 
remarks to follow — namely, the Cornish [217], 
the vertical [218 and 219], and a rstxirn-tnht 
marine {Scotch) boiler ^ with a single furnace 
[220 and 221]. 

The Shell. This signifies the outer portion 
of the boiler [A in 217-221], in which the water 
and steam are confined, and which is subject to 
pressures tending to burst it. It is termed the 
shell in all boilers except the locomotive; in 
which it is the barrel. In horizontal boilers 
[217, 220 and 221] the longitudinal axis of 
the shell lies horizontally. In vertical ones [218 
and 219], the axis lies vertically. 

The Shell Plates. Only in a vertical 
boiler of small dimensions is the cylindrical 
portion of tlm sliell rolled in a single plate. In 
the larger verticals, and in Lancashire, Cornish, 
marine, and locomotive types there arc two, 
three, four, or five rings of plak^s required to 
make up the length. But except in the large 
marine boilers, a single plate is now generally 
used to bend each ring from, instead of three 
plates as was formerly the practice. This 
change is due to the fact that plates can be manu- 
factured in larger sizes in steel than in iron. 
From this results the important advantage that 
the longitudinal seams of shells are reduced from 
two or three to one, and a troublesome source of 
grooving thereby removed. Not only can seams 
be kept away from the bottom of the boiler 
where deposit is liable to occur, but having one 
seam only, made with double butt straps, 
the circular shape of the shell is retained, which 
was not the case when longitudinal lap seams 
were common. 

The edges of shell plates are planed in a plate- 
edge planing machine, and rolled to the circle 
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in bending rolls, having one housing remoyable 
to permit of sliding the oomplete cylinder 
off endwise. The essential action of the rolls 
is seen in 222. By the adjustment of the upper 
roll. A, relatively to the lower ones, B, curves of 
varying radius can be produccni. 

The Riveted Seams. There are two 
kinds of seams : the longUwlimtly or those which 
run lengthwise of the boiler, and form the joints 
of the rolled rings, and those which run circularly 
round the boiler — the transverse seams — and unite 
the rings to each other. As calculations show 
that the latter need have only half the strength 
of the former, single riveted [223, A], or double 
riveted lap seams [223, B] are used for the 
circular joints. But the longitudinal seams 
are seldom lapped, and then only in boilers 
for low pr<‘.ssurea, because a lap, in a shell re- 
quired to be truly circular, breaks the continuity 
of the circle. All such .seams therefore should 
be made with hiitt strajis — that is, narrow strips 
riveted against the face or faces of the shell. 
These are shujle^ double, or treble riveted^ the rows 
of rivets being doubled or trebled for the higher 
pressures. (.• is a single-riveted single butt 
strap joint, D is a double -riveted single butt 
strap, and E a double-riveted double butt strap, 
which is generally employed when pressures ex- 
ceed about 100 Ih. to the scpiarc inch. F shows 
double butt 8trai)s on a circular shell, and G is a 
plan view of one strap shown in connection with 
two circular seams, single rivettxl ; 224 shows a 
longitudinal lap seam, double riveted, and a 
circular lap scam single riveteti, together with the 
thinning and spreading of the corner, adopted 
when three plates have to cross or overlap. 

The butt straps must have both edges planed 
ready for subsiMpient caulking. Caulking on 
rouglily- shorn edges is now never permitted 
in boiler work. The rivet holes are now generally 
drilled with all the parts in place. jB’ormerly 
they were drilled (or punched and reamored) 
before the plates were bent. But there are a 
number of special drilling machines now designed 
for boil<*r-.shop use, in which the rings and butt 
straps, being held temporarily with tack holts, 
drill the hohis in place, and remove the arrises, 
or .sharp wire edges, from the lioles. The shells 
are then rivetccl up by inaeliines which close 
the rivet tails by hydraulic or pneumatic 
pressure, the boih’is being slung up in a crane 
during this operation. 

The Boiler Ends. A shell is not com- 
plete without its ends [B in 217 and 221], 
Tlicst^ ends have holes either for furnaces or fire 
tubes. They arc prepared and riveted to the 
shell and to the fuj-nac.e ends in the case of Cornish 
and Lancashire and marine boilers. Tliese 
ends must he perfectly flat. The methods of 
flattening them an? precisely those adopted in 
levelling all plates used in the plating and 
boiler ^ops. Mention has been made of this os 
the fact whence the levelling hlook [216] derives 
its name, and this is the place to offet some 
observations on the very imi>ortant operation of 
plates. 

Wben pSites come froiK the rollii^ mills they 
Me lk>t flat (unless ordered so), ana part of the 


work of the boiler-maker or plater lies in levelling 
them. 

Levelling Plates. This is done either 
on the block, like 216, but plain, with hammer 
blows, or between rolls — fiaUening rolls, often 
termed the mangle in the shops. The first is not 
so good a method as the second, and it is much 
more tedious, but it is an operation requiring 
much skill and experience. In hammer flat* 
toning the blows arc never delivered on the area 
that is actually bent or buckkKi, but on those 
adjacent. ^Flie reason is that buckle is due to an 
extension of the fibres, and hammering there 
would extend them still more. But hammering 
on the encircling metal exUmds that, leaving the 
buckle free to straighten itself therein. Though 
plates can be made perfectly level in this way, 
yet much time is occupied. The operation is 
noisy, and excessive hammering tends to induce 
a brittle state in the metal. When plates are 
flattened in the rolls, these differ from the 
bending rolls only in the number of rollers 
used. Tliere are three in the first, usually seven 
in the second — four below and three above — 
or vice versa. But it is clear that by the pasvsage 
of a plate between top and bottom rolls aiTanged 
with the centres of etudi alternating — that is, the 
centre of every roll falling plumb between a 
pair above or below — the effect is to squeeze and 
level all inequalities. Two passes, or three at the 
most-, suffice to straighten the most crooked 
lates within five minutes, against, perhaps, an 
our occupied in hammer levelling. 

Flanging Plates. Formerly the boiler ends 
were united with internal rings of angle iron to 
the shell. Now the practice is to flange the back 
plate, turning the flange within the shell, and 
to unite the front plate with a ring of external 
angle iron [217], or by flanging. Marine (Scotch) 
boilers have both front and baf;k plates flanged 
inwardly [221] and sometimes outwardly. Vertical 
boilers [218 and 219] have their croum plates, B, 
flanged inwardly, and occasionally outwardly. 
The furnace croum, C, is also flanged. T'he bottom 
end of a vertical boiler is formed by the founda- 
tion ring, by which the fire-box is united to the 
shell, or the fire-box is flanged outwardly [219 
and 225]. 

Reasons for Flanging. Flanging has 
displaced angle-iron joints — first, because the 
latter were a frequent cause of grooving ; secondly, 
because steel is more readily flanged than iron 
was ; thirdly, because machines have nearly dis- 
placed hand flanging. The bbiler-maker often has 
to do hand flanging in the smaller shops which 
are destitute of machines, though these usually 
now send their flanging to be done in the big 
works. Wlien effected by hand, the operation 
is rather tedious, so that flanging a plate might 
occupy two or three men a day, against, say, four 
men half an hour with a press, in which the 
actual turning over of the flange does not occupy 
more than a minute. One of these presses with a 
plate in situ, as just flanged, was illustrated in the 
course on Applied Mechanics, page 1221, 164, 

Press flanging is also better from fhe point 
of view of homogeneity of the plate. Vi^en done 
liy hand work, short heats of 10 in. to 12 in. have 
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to bo taken in succession, and that length of 
flange is hammered over a block at a single 
heat; so that the work has to Ijo moving be- 
tweem the fire and the lx?nding block several 
times before the circle is completed. In a press 
the whole of the Hanging is done at one heat, 
marine boiler fronts excepted, and the danger of 
working at the bliiedilack heat incidental to 
hand Hanging is avoided, because the llangv? is 
still at a g(X)d red when finislu d. ( 'onsetpiently, 
when ends are HangenJ by hand they must be 
annealed, an op<Tation wliicli is not necessary 
with press work. The radius of the flange 
is important. A largo radius gives more elasti- 
city to the end than a small one does, with less 
liability of grooving. 

The Furnace. The furnace, as distinct 
from the Hre-box — the functions of both, how- 
ever, are alike — demotes the tubular form {jurnace 
flue) used in init^rnally fin;d boilers. Tb(‘sc in- 
clude the Cornish [217, CJ .and Ltincashire, the 
marine [221], and allied forms having one, two, 
three, or four furnaces arrangtxl skh^ by side 
longitudinally. The furn.aec of the vertical type 
[219, E] is a fire-box and that of a locomotive 
is similarly named. The furnaces in 217 and 221 
arc riveted to the front and back plates. The 
fire-grate, T), ash-pit, K, and bridge, ¥, occupy 
the four to five feet of length next the fire door, 
and the space l)eyond forms a comhuMion 
chamber in which the gases ari^ burnt. 

The furnaeo is subject to pressure from with- 
out, and is thus in a far less favourable condition 
than the shell. It is also liable to suffer by 
the accumulation of calcareous and other hard 
deposits which come from the waU^r over the lire, 
and lessen the transmission of heat from the 
fire to the waba*, and which also, by causing 
overheating, increase the natural we.akncss of 
the furnace to resist collapse. 

Furnace Design. Tlierc is a large amount 
of interesting history in connection with the 
development of boiler furnaces, ranging from 
the plain or liooped furnaces, which were the 
causes of numerous accidents, doAvn to the 
pre^sent forms, with the Adamson seam [217 and 
226 A, B, CJ, the Bowling hoop [228, 1), E], and 
other allied designs, and the corrugated The 

net result may be summed up thus. Instead of 
a long weak t\ibe having no adequate support 
away from the immetliate vicinity of the ends, 
the length is divided into several short, practi- 
cally independent sections, the lengths of which 
are determined by the positions of the flanges, 
or lioops. 

In 226, A shows a portion of a furnace flue, 
partly in external view, ))artly in section; B 
shows the Adamson flanged joint, or seam, 
enlarged in tk^cljon ; C is a later alternative in 
which the flue sections are of different diameters, 
with the object of improving the efficiency 
of combustion of the gases, and giving greater 
longitudinal elasticity; D shows a Bowling 
hoop, partly in extenial, partly in sectional 
yiev'3, and E k an enlarg«?d section through the 

taking tke Flues. Furnace flues for- 
were made with the longitudinal seams 


riveted, which proved a source of dang^. 
^ey are now invariably welded." Flanging 
of the ends [217] is also substituted for rings of 
angle iron, unless, as in some marine boilers 
[221], the end plate is flanged inwards to meet 
the flue, 'fhe flanging of furnace flues is done 
in a special maclvine, which rolls over a flange in 
about a minute. If Bowling hoops are used, 
these are rolled alsa The drilling and riveting 
are dons in machines designed specially for this 
work. In some the flues are hold in a vertical 
position, in f)thers in a horizontal. There is 
really no hand work in the manufacture of fur- 
nace flues in up-to-date boiler shops. The 
exception sometimes is the welding up of the 
longitudinal scams. But generally that is done 
under a power hammer, the tube being moved 
under it along a mandrel. Lap or glut welds 
are both used in these. 

Galloway Tubes. Furnaces have Oal- 
lowau, or cros^-tuhes, O 217 l>eing the first- 
nairod, and D 219 the second. Tliese are made 
and inserted before the furnace lengths are 
riveted at the circular joints. ’ITic tubes are 
prepared by welding and flanging, by methods 
similar to those employed in making the flue 
lengths. The longitudinal joint is either glut 
or la j) welded. Tlie flanges arc still often turned 
by hand, by hammering them in short sections, 
followwl by annealing. They are also turned 
in sf)ecial mac^hincs. Tliey are generally riveted 
into the furnace flues by the flanges. But 
sometimes welding is adopted, although less 
frequently than formerly. Then there is no 
flanging done, but only an upsetting of the ends 
Ruflich'iit for welding. The general objection to 
welding is the difficulty of removing a tube for 
the purpose of luaiewal or repair. When a tube 
is flanged, the rivets as well as the flanges are 
usually caulked with the tool 0 in 213. 

Union of Furnace to Shell. When 
the furnace has boon riv(>ted up, it is inserted 
into the shell. (Jenerally it is riveted to the bock 
end plate first, and then the front end plate’ 
is brought up to it and riveted, and the diagonal 
stays are riveted at the same time. Here the 
work of the boiler-maker ends on the furnace 
flue. The furnace-doors, fire-bars^ and bearers 
are inserted by another set of men after the boiler 
proper is completed. In the marine or Scotch 
boiler the furnaces are generally strengthened 
by corrugations, and dividc^fl by Adamson seams. 
They are riveted at the front end to the flat 
plate there, and at the hack to the tube plate 
of the combustion chamber. 

The Fire-box. This is the term given 
to the furnace used in a locomotive type of boiler, 
and in verticals [219, E], although the two forms 
differ. Jn the loexjmotivo [227 and 228] it is a 
nearly rectangular box; in the vertical type, 
[219, E] it is a frustum of a cone. In both, 
the fire is at the bottom of the box on the grate- 
bars, and the flame occupies the remainder. 
In the locomotive the hot gases pass through the 
bori^ntal flre-tul)es to the smoke-box; m the 
v^ticals they pass up through the uptake, F, 
directly to the chimney (not showftl placed 
above the uptake. 
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Blaaging is Uie only means of union adopted 
in locomotive fire-boxes, having long ago dis- 
placed angle-iron joints, found in other kinds of 
boilers. Hand flanging . has also been super- 
seded by that of the press, fitted with massive 
dies oi cast itx>n. A press turns the flanges at 
one heat in about a minute. 

Locomotive Fire-box. The fire-box 
[227 and 228] comprises the tuhe-pUUe, A, and 
back pUUe, B, both flanged inwards towards 
the fire-box space, and united by the covering 
or wrapper plate, 0, bent round in one sheet to 
form the top and flanks of the fire-box. This 
is the fire-box or actual furnace. But it has 
to be united to the boiler shell, or barrel, and 
this is done by an extension of the latter termed 
the ovJttr f>re-box, though it is a part of the water 
and steam space. At the front (viewed from 
the footplate) the back plate D, in which the 
fire-hole is cut, is flanged inwards and con- 


enlarged view of a stay and its two plates is 
given in 229. The sides and back of the inner 
and outer boxes are similarly united with screwed 
stays. The top of the fire-box is stiffened with 
bridge or girder staysy indi(;ated in 227. A more 
detailed drawing of a slightly mcxlified design 
is given in 230. The stays are of cast stet^l, and 
are of the sling type. 

Tlio holes for the rivets mid for the screwed 
stays are all drilled after the st'.veral parts are 
in place, portable machines having preference. 
The holes for the stays [229] are screwed with 
special taps, long enough to reach from the outer 
to the inner plates. All this work is done by a 
gang of men distinct from those who make 
the barrels and flange the plates. 

Fire-box in Vertical Boilers. This 
is a simple construction [219, E], by comparison 
with that of the locomotive. It is circular in 
horizontal section, and is therefore relied in 
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nected to the barrel first by a w rapper plate, E, 
riveted to the flange of the back plate at one 
end, and to the liarrel, and throat plaUi, F, at 
the other. The throat plate is double flanged : 
forward to meet the outer fire-box plate, and 
backward to embrace the lower part of the barrel. 
Between the back plate, the throat plate, and 
outer covering plate, the fire-box, already riveted 
up and caulk^, is inserted, and united to all three 
{dates at the bottom by a foundation ring, G, of 
rectangular outline in plan, and rectangular 
croBS-seotion. Below this comes the ash-pan, H. 
, Stayinil. As all the plates are flat, they 
are mabfed to resist the steam pressure only 
by virtue of staying. Ihe smoke tubes stay 
fhe up]^ portion of the tube plate. Its lower 
portod Em the area of the throat plate are 
mutually connected aiMb stiffened with screwed 
stays, seen surroundmg 227 and 228, while an 


bending roils. In vertical section it forms the 
frustum of an extremely tall cone, the amount 
of coning on the height of the box being from 
.‘1 in. to 4 in. only. ^Flie fire-box shi‘ll is soin(?timcs 
welded, but more often rivetinl, frequently witli 
a lap joint in small boilers, but always in Uirger 
ones with a butt joint, and either single or double 
butt straps. ’^I’he fire-box crown is either a fiat 
or a dished (convex) plate, C, flanged downwards 
and riveted within its shell. Cross tubes, D, are 
nearly invariably fittiid, similar to those in Cornish 
and Lancashire boilers, except that they are 
more often parallel than coned. They lie hori- 
zontally, or at a slight angle with the horizontal. 
Holes have to be cut in the fire-box shell to 
receive these tubes. 

Fitting to the Shell. In some other details 
of these furnaces practice varies. Sometimes 
the bottom end h slightly flanged outwards 
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237. iUVJSTINti AND f'AULKlNO A LANCASHIRE 
BOILER 

a fonnflrttion ring, by wbicli the firo-box 
unitt‘d to the outer sholi. Sometimes there is 
no Hanging done, but the j)late is plain, meeting 
the ring as in the locomotive* {227J. Often the 
ring is omittiMl. and tlu' Hanging mt'ets the boiler 
shell as in 219 and 225. The attachment to the 
shell around the fire-hole door generally involves 
a flanging outwards as at (1 |219]. tn all but 
the smallest boilers fire-box is united at 
intervals to the shell with screwed stays [218 and 
219]. Ihit in the smaller ones t he foundation ring, 
tlie uptake, and the fin*, 
hole are the cuily plates 
where union is effected. 

The Smoke T ubes. 

8mok(^ tubes [220, 221, 

227, and 231] are inserted 
after the boiler has been 
riveU^d up, and so far 
completed. 'riie holes 
lor the tubes will have 
been drilled in the plates 
afUT th(^ flanging and 
previously to riveting up, 
the positions (jf the holes 
being controlled by holes in a templet which guide 
the drill. The tubes therefore tit in a smooth, 
plain hole, in which, too, they must make an 
absolutely steam-tight fit. It would be im- 
proper to try to produce thu-t fit by hammering 
or percussive action of any kind, therefon; the 
tul)es arc squeezed by an expanding movement, 
and pressed tightly into their holes. Tot>l8 
termed tube, expumlers are used for this work, 
operated by the worknum's hands. The fit 
is so tight that this would generally be sulBcwmt 
to ])revcnt any slip and movement of the tube 
platos. 

Inserting Tubes in Multitubular 
Boilers. When fire tubes are used, as in 
locomotive, and marine (Scotch) cvlindrical 
lK)ilers, the place of the furnace Hue of 
the Cornish boiler [217] and of allied type.s is 
taken by the tubes and the fire-box, a.s in the 
locomotive boiler, or the furnace is shortened 
and tlu* tubes ndurn over it, as in the marine 
boiler [221], These ditTeronees involve some 
variations in the method of working. 

• In til^<|Jocomotive the tubes arc fitted into tlio 
fljpe-bcip^late at '>ae end, and the smoke-box 
tif^tho other, which bound the water 
(jraveraed by the tubes. The fire-box 



plate is an integral portion of the fire-box or 
furnace, which also is surrounded by. water 
spaces enclosed between it and the shell of theit 
portion of the boiler sometimes termed the otiter 
fire-box to distinguish it from the oylindrical 
barrel. The fire-box plates are generally of 
copjier, and the tube plate is thicker than the 
rest to afford a good baring to the ends of the 
tubes. Before the tubes are inserted, the fire-box 
is riveted into the shell with the screwed copper 
stays. The tubes, of brass, Muntz metal, copper, 
iron, or steel, arc fitted generally by ef^pOnq 

Beading and Ferruling. Expands 
generally followed by heading^ . v^iefr* me 
turning over about J in. of the end, of the tubel 
projecting beyond the face pff the plate. J^^is 
clone by percussion, or by pressure, usina^^ 
having a portion corresponding with the M 
the bead. Often in boilers other than mil 
boilers, the t ube ends are /crrit^ed— ^that is, sho? 
lengths of tube are inserted within the 
ends, and also tixpandj'd therein. Fig., 281 A ilii:M 
trates a tube inserted in its plate and ^xpan^jpu 
simply. At 3^ a ferrule lias been put in, 
expanded within the tube ; at C a tube 1 
beadiui in addit ion to expansion. 1) .*511^ 
Admiralty pati<*m of ferrule, insert^in 
with the object 
vefiting leakage f 
t ube ends, and burning, 
in the (iloscd stokehold 
system of using forced 
draught. Fig. 232, A, 
shows how beading is 
frequently done by sim- 
ple hammering of the 
beading tool against the 
end of the tube. It is, 
however, often combined 
with a tube - expanding 
tool. 

Tube Expanders. The tube expanders 
usecl include two or three well-known types, the 
action being either the thrusting outwards of 
three rollers a, a, a, [232], within the tube, 
effected by the tui’ning and thru.sting of a tapered 
mandrel, 6, against the inner edges of the rollers, 
which is the more common method (the Dudgeon 
expander), or by the driving outwards of segments 
of a ring by a tapered mandrel. 

Besides the holding pow'or of the tubes, 
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tional sooiirity ifi ensured by the insertion 
j)ecial stay bolts, from six to a dozen in 
serewed at tiic ends and double-nutted 
within and without the plates, 
^ .^y \lbEC. insertion of stay tubes, os in mavim^ 
noilet*!!^ Tlic diameter of thebottomof the threads 
in thc‘se must not be less than that of the body of 
the bolt or tube. 'Pluj 
end plates in Cornish and 
Lancashire boilers arc 
stilfened with (jxissii Jitatfs 
[217, J]. Bar slaijix also 
eonncct the crowns in 
vertical boilers [219, H]. 

Order of Opera- 
lions. In these and 
other fittings, regard 
must’ be had to the! 
sequence of operations. 

Diagonal stays sliould be 
riveted to shells before 
the end plates arc broiiglit 
up into position. An 
uptake of a vertical boiler 
is riveted to the furnaet^ 
crown before the hitter 
is inserted in the shell. 



Caulking of internal 
scams must be done 
before fimiaces are in- 
serted. Unless attention 
be given to these and 
cognate matters, awk- 
ward and impossible jobs 
w’ould result. 

The Combustion 

Chamber, This is 241 . combinko punching and shearing machine 
the term given specifi- 
cally to the space at the ba(.*k of the furnace 
flues ill a marine Scotch boiler [221, G]. Tho 
work is that of the plater, involving flanging, 
beading, and tubing, the fire- tubes bringing the 
products of combustion from the chamber to 
the front of the boiler {retiirn-tiihe type). 

1 a6 . , 


The SmoKe-box. This is Ihe ehnmbei 
into which the tubes of tlie locomotive discharge, 
being muli'ineath tho chimney. It is conm^eted 
to the boiler by tho front tube-plate, which is 
riveted to the end of th(‘ bai rel with a weldless 
steel angle ring, encircling tiu* end of tho barrel, 
and shrunk on and riveted. This is flanged 
towards the sm()ke-j)<)x 
to receive tlie w rapper or 
covering plate, which is 
attached to the front 
])late w'ith an angle iron. 
Tho front plato has a 
lufie cut for tho smokc- 
l)ox door, which permits 
examination of lln* fuhes 
to be made. The chim- 
ney base is ma<lc by 
stamping, and is riveteil 
on the top of 1h(^ cover- 
ing plate over tho hole 
cut. for the purpose. 
I’he ehiinmy is rolled 
and riveted dowm the 
vert ieal seam, and riveted 
to its base 

Fittings. Fittings 
include a number of 
articles which the boiler- 
maker has to attach, 


and in many eases also 
to make. Tiny are 
mostly eompris(‘d under 
tin? term seatimjs^ sliowai 
on top of 217, and be- 
low H ; that is, pieces 
of an intermediary 
character, which re- 
ceive certain fittings, as safety valves, stoj) 
valves, blow-off cocks, cdc. But manholes and 
domes are not intermediate, but complete 
fittings in themselves. 

Tho necessity for intennediato fittings is tliat 
it would not be practicable to bolt a safety or a. 
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Htop valve directly to the boiler plating, becauHC 
of the iin])os8ibility of making a close steam- 
tight fit in that way. And whenever repairs 
had to he elTected or renewals made, tlui nMiioval 
and rc:|)laeement would be <*qually troublesome^. 
But if a seating be pre])ared fitting to a boiler, and 
having a face planed level for the article to be 
mounted thenMm, all trouble is avoided. Another 
im])ortant point is that it permits the seating to 
b(^ riv(d-(*d to the boil(‘r — the best form of union 
suitable, for dirc'cti attachments to boilers — and 
the actual mounting to be bolted to th<5 seating, 
thereby Inking more readily detachabh* than a 
riv(*ted seating. 

Materials in Sealings. Tluist^ st^itings 
ar(^ made eitlua* of east iron, or more pro])erly 
of mild steel, oi- wiought iron. The advantages 
of the latt(*r are immunity from l isk of fraetun*, 
and that the edgi‘s can l)(‘ caulked, which is not 
possibh' with cast iron. When cast iron is used, 
st(‘am-t ightness is seein ed by bedding them on a 
lilm of i (‘d lead, or by inserting a sheet of wrought 
iron {runJkwy limj) between the face of the seat- 
ing and the flange of tin* mounting. 'I’lie edge of 
this is then burn'd up with the eaiilking tool. 

Manholes and Domes. 'I'lu^ (‘ase of 
manholes and steam domes is dilTerent, becaus(‘ 
they hav(‘ no sealings, but are riveted directly 
to the boil(*r. \ few yea?’s ago, manholes \\<‘re 
invariahly made of <'ast iron, or east steel, and 
then eaulking lings of wrought iron were neei's- 
sary. But so many accidents oeeuned in eon- 
seqiienee of tlu' fracture of the east iron that 
manlioles of lolled st(‘(‘l have* superseded them 
|234J. Tli(‘se mad(^ very similarly to the 
flue lengths of furna.c(‘s, being rolled, welded, 
ami flanged. 'I’hey are also mueli lighter than 
east iron. Steam donujs are also made by 
welding and Hanging, though a Hanged ring is 
often substituted 1235]. 

When these and manhohfs ai-e attached to 
boilers, tlu' openings cut in the boiler are a soure<‘ 
of weakness, and would be dangerous but fur the 
practice of reinforcing tli<* hole with a .strength- 
ening ring inserted within tlu^ boiler and eu- 
eireling the hole (234 and 235, A], 1'he rivets 
which attach the mounting also pass through the 
ring and so unite the flange, the boiler jHate, and 
the ring at onei'. 

Geometry. There is a considerable amount 
of geometry involved in the marking out of 
plates for boiler making, (haierally, this work 
is done by men originally boiler-makers, Init 
whose duties niv now restricted io the work of 
marking out {Umplct mak('rs). 'I’he prohlems 
art' those common to sh(*et-metal working 
generally. They will be found tn'at<‘d geo- 
metrically in Practical (^cornet ly, and their appli- 
cation in Drawing for Sheet iVletal Wt)rkors. 

Testing. The testing of boilers is done by 
hydraulic pressure, genc'ially at about double 
the working pressure. The boiler is nearly fiWvd 
with cold water first, and then the tost pressure 
pump, fitUnl wdtl; a gauge, is sot to work, until 
the limit imposed is ren(*hed. M'’heii the pressure 


is allowed to remain for an hour or more, and 
close observation is made to see if any leakage 
occurs at seams or rivets. Any such localities 
are marked with chalk, but arc not caulked until 
the pressure is removed, because that would 
distress the boiler. Tf necessaiy, the pressure is 
reini posed. 1’he steam test often follows, but 
it is not always insisted on. If used, it is about 
ttqual to one and a half or one and a quarter times 
the working press uri*. Its advantage is that it 
tests the boiler under actual wwking conditions. 
'I’he advantage of the liydraulie test is that no 
aecident oec'urs should leakage be present 
—a litth; water spurts out, and the pressure 
is off. 

BoiUa-making is thus a. trade (‘mbracing very' 
diverse ])ractice, Avhich is divided between 
difTenmt shops and sulnlividetl in the shops. 
So thaf w(‘ hav(* men gi'ouped as templet makers, 
plaiuM- hands, rolhrs, angle- iron smiths. Hangers, 
drillers, riveters, tubers, beskhs unskillod 
labourers, liolders-up, etc. 

Fig. 236 shows a liydraulie Hanger, picssing 
over th(‘ flanges of a furnace-mouth betw'cen a 
dit‘ on the tahk' and one attaclu'd tf) the two 
rams. 'Die lattei' are used indejx'Tulfmtly for 
some* elass(‘s of bending. 

In the Shops. lu the ])h()tograph (237] 
two op(‘ratif>ns aic: seen in progress on a Lanca- 
diiif* boilia*, in th(‘ shops of Rust on, Proctor. 

(\)., btfl., Lincoln. Tin* men at the extrenu' 
lidt art* working a hydraulic riveter, engaged on 
tl)(‘ end plat(‘, whilf‘ tlu^ man at- tlie extreme 
right of tb(‘ boiler is eaulking with a pneumatki 
liammer, tlw* siqiply pipe' t)f whieb is s(X‘n lying 
on the ground. A small set of [)late-bending 
rolls is shown in 238 (Francis Berry & Sons, 
SowfTby Bridge) driven by belt pulleys and 
gearing. The top roll is (‘xtended, and HU})ported 
i)y an extra b(‘ai ing, so that the roll is lield l(‘vel 
while the right band bf'aring is swivelbxl to om* 
side, enabling a plati‘ to Ix' slid off (*ndwis(‘, afttu’ 
it has be(*n lumt- into eylimirieal form, 'rbe two 
largf' bandwlif'f'ls ai'c for raising and lowering the 
top roll for different cui'vatuivs. In 239 a 
luariiie boilfM- with four corrugated furnaces is 
being drilltxl with rnaebine seen inside the. top 
b‘ft hand furnacf'. This boiler is one of the set 
for tb(‘ “ tleeanie,'’ ennstrueted by Ffarland & 
Wolff. 

liydraulie livetiiig with a fixed uiaehiiie is 
illustr.iti‘fl ill 240, the operation being that of 
uniting the taid plate to the Adamson ffue, wdiieh 
is supported by tht^ ov(*rhead traveller mean- 
while. This is also from Messrs. Ruston, Proc- 
tfn-'s praeticf*. 

One of the most useful machines in the boiler 
shop is that shown in 241, a eomhined punching 
and shearing machine (Francis Berry & Sons). 
It is driven by the electric motor seen on the top. 
At the left-hand end shearing is done, at the right 
punching, wLile at the centre a sjiecial pair of 
jaws are fitted for shearing angle irons, which 
cannot done with straight blades like plates 
and bars. 


Continved 
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A SHORT DICTIONARY OF TERMS 


ACCUMULATOR -A venRol in which 
water is stored uinler pressure for 
the operation of hydraulic presses. 

Adamson Flanged Seam— A Joint in 
the furnace flues of many horizontal 
hollers, forrne<l by flanjriiifi the ends 
of the flue lengths, and riveting them 
togotlicr thnmgh an. intermediary 
eauIkiiiK ring. 

Air Furnace — A reverberatory fur- 
nace, using the natural draught of a 
chimney. 

Angle Bevelling Machine -A machine 
flttcd w’ith rolls for imparting various 
angles to the webs of angle seetions. 

Angle Iron, Angles -Rolled seetions 
of Iron and steel having two webs at 
right or other angles with cueh 
other. 

Angle-iron Furnace— A reverher.a- 
toryfurnaee used for heating angli .^. 

Angle-Iron Shears— Shears of V- 
shape, used f(»r cutting otf angles. 

Angle-iron Smith — A workman whose 
duties are confined to the^treparation 
of work done at t he forge. 

Annealing — The he.ating and slow 
cooling of iron and steel after work 
lias been done, in order to restore 
ductility and homogenity. 

Annealing Furnace — A reverberatory 
furnace used for the i)urpose of 
annealing. 

Anvil- The block upon wliich forgings 
are treated. The host are of wrought - 
iron, welded up, and steel-faced. 
Many cheap anvils are produced by 
casting. 

BANKING UP- — Making up a forge 
tiro witli green coal or small coal, 
damped with water. 

Bar.s — Tlie round, or rectangular 
sections in which iron and steel are 
rolled. They are roundgf squaren, 
and flnts. 

Beading — The burring over and 
rounding of the ends of boiler tubes. 

Beading Tool -A drift-like tool used 
for beading boiler tubes. 

Beak Iron, or Bick Iron - The conical 
projection of an anvil. 

Bending Blocks — blocks of cast iron 
variously’ shaped to serve for bending 
bars, sectioiKs, and plates by. 

Bending Rolls — Machine rolls used for 
bending large, plates in. The, rolls 
have their axes either horizontal or 
vertical. 

Bessemer Steel — TJsed in tyr(*.s, rail.s, 
and for many forgings. 

BeVfelled Iron — Flats having one or 
two edges bevelled. 

Blazing Off — The burning of an oil or 
fat having a known tbish-ixfint, 
which corresponds with a tempera- 
ture suitable for tempering springs 
and some other articles. 

Bleeding — Tlio presence of red mat 
on the plates of boilers, which 
indicates corrosion within the plates. 

Blisters — A defect in plates due to 
the entanglement of slag or scale in 
the bloom previous to rolling. 

Blue Heat — Corresponds with a stag«^ 
between a low red and a black heat, 
at which, if severe, work is done on 
steel and iron,«criou8lo8s of ductility 
and strength results. 

Boiler — Tile vessel in >\’hlcli .steam is 
generated by tlie action of heat. 

Boiler Fittings — Sundry parts which 
have to be attached to a boiler ; us 
doors, seatings, bridge, fire-box, 
tllcc. 

Boiler Flues — The furnaces, or the 

^ brickwork, or smoke flues. 

B(fller Flue Flange Drilling 
Machines— Macliines for drilling 
the rivet hi^es in the flanges ot 
Adamson seams. 

Boiler Ppover- — A force-pump, with 
gauge, usetl for testing boilers by 
water pressure. 


Boiler Scaling — Chipping the hard 
ilcposits from the. interiors of boilers 
with a scaling hammer. 

Boiler Shell — The outer body, as dis- 
tinct frmn the furnace. * 

Boiler Shell Drilling Machine.s - 
Machines for drilling the. rivrt boles 
in shell plates, generally after I be 
plates are all fitted in series. 

Boiler Shop-' The shop in which 
boilers are made. Its equipment 
eourtists eliielly <»f heavy machinery 
and forges. 

Boiler Smithy • The department in 
which the forged work is «lone by the 
angle iron smiths. 

Boiler Stays -Rods or tubes used for 
reinforeing the fiat surfaces of steam 
boiler.s. 

Boiler Tubes — Fire tubes in Ibe loco- 
motive type; water tubes in the 
water-tube type. 

Bolster- A ring upon mImcIi boles are 
piinehed, .and through wbikli the 
burr Is pushed. 

Bolt Machine A forging niaehine in 
which b<»lts are formed by rapid 
reduction in concave dies. 

Borax — I’seil as a flux in weUling steel 
and ifiin. 

Bosh — The water tank in which the 
smith cools and (luenches w<irk. 

Bossing — Fonning bosses on forgings. 

Bowling Hoop — An expansion ring 
of arched section usetl iii furnace 
tubes. 

Box Girder — A girder having four 
sides enclosing a hollow nad angle. 

Bracings — Arrangements of bars in 
plated work which change tin* 
direction of stresses, so reinforcing 
otherwise weak members. 

Brands Trade marks used to denote 
((Ualities of iron and siet*], and the 
luniscs fniin which tlicy are sent. 

Brick Arch — The arch in a locomotive 
fire-box wiiich deflects the gases 
backward before tliey pass into the. 
fire tubes. 

Bricked -up Fire— A hollow' lire 
enclosed with bricks, in wliieh rolled 
sections arc houtcil for welding, and 
by which tlicy arc prevented from 
contact with the fuel. 

Bridge -The barrier jilaccd at tlm 
back of the fire-grate in a horizontal 
bvder to promote combustion. 

Buckle- A state of imeiiual tension in 
plates. 

Bulb Sections- -Bars, angles, a lid tees, 
having one edge tliiekemai or 
beaded. 

Bulldozer- imiebine wliieli presses 
work into dies by incans of a recipro- 
cating ram. 

Burnt Iron and Steel- Metal wlneb 
has been overheated at tlic forge, 
and injured thereby. 

Burr — The piece removed l»y a 
punch. 

Butt Joints- -Joints that abut by 
tlicir edges, and tlieii are rover* d 
liy and riveted tlirougli butt straps. 

Butt Welding— The welding of joints 
brouglit into simple opposition. 

CASE HARDCNINQ— Imparting sur- 
face hardness to iron and steel by pr*)- 
loiigcd contact wifli bones, leather, 
charcoal, or ferro-prussiute of i)ot.ash, 
at a red heat. 

Caulking — Burring up the evlgcs 
of riveted plates with a caulking tool 
to render the seams waiter! igbt. 

Caulking Ring, or Strip— Wrought - 
iron or steel inserted in a joint to 
lirovide for caulking against. 

Channels — Rolled sections the sec- 
tional form of which is that of three 
sides of a rectangle. 

Chipping Chisel— A tool used fur 
cutting iron and steel while cold. 

Chisels— Used under the name of 
cold and hot setts. 


IN SMITHS’ WORK 

Chisel Rod — Rod from which cold 
chiael.a are made, being of the same 
section as the chisels. 

CInmps — I’scd for holding pieces of 
work temporarily. 

Closing — Turning «>vrr the tall of 
a rivet, or the jointing of a weld. 
Cold Chisel - A rhipitina c/o><7. 

Cold Saw - A circular saw used for 
cutting off bars and rolled sections 
without heating them. 

Cold-short Signifies a eumiition In 
w'rought-lron and steel in wl.ieb 
it cannot be w«)rkc(l bcIow' a diib- 
red beat without, risk of fracture. 

Cold Tests- -The test ing of specimens 
of iron anti steel while cold by 
bending and drifting them. 

Collapsing Pressure The pressure 
to which holier furnaces are sub- 
jected, teinling to force them in- 
wards and crumple them. 

Conical Mandrel .An appliance, 
circular in plan, and a conic frustum 
in elevation, around which rings of 
(iitferent sizes arc bent and cor- 
rected. 

Conical Tubes— The (lalloway lubes 
used in the furnaces of niaiiy steam 
boilers. 

DABBING ON— Making a weld by 
the simple c( ntact of fiat faces. 

Die-Forglng Making forgings by 
stamping them into matrices or 
dies of hard metal. 

Dolly - An appliance held up under 
a. rivet lieinl while the lail i.s being 
closed. 

Drawing Down— 'I'bc a<*t i»f reducing 
portions of forgings by hammer 
i»lo\vs. 

Drift- A tapered tool nsial for enlarg- 
ing holc.s. 

Drilled Holes Thest; are used in 
firefcrcuec to punched holes in liigli- 
elass work. 

Drop Forging — The praetlcc of die 
forqiuq when dom; under drop 
hammers. 

Ductility The capacity of metals 
of being extended eonsiderably 
before fracture occurs. 

ELASTIC LIMIT— The limit beyond 
wlilch a. body will not return to its 
original Iciigtli on removal of 
stress. 

Elongation - Tlie ariionrit of extension 
of a body under stress, generally 
n-ekoned at tlio point of fracture. 

Envelopes Tlie forms «)f the plates 
r*Miuir«*d to enelos*' a body of any 
shape or dimensions. 

Expanding -Sp<‘eifieally, enlarging 
the 1 ‘iids of lire tubes to make them 
steam tight. 

Extras— Charges aliove the usual 
rates, made when the dimensions 
or shapes of plates, bars, or sections, 
involve increased expemso in manu- 
facture. 

FAGGOT, or FAGGOTED SCRAP 

Separate odds and ends of wrought - 
iron brought to .a welding beat and 
eons*»rnlated by bammcriiig. 

Faggoting, or Piling— J'reparing 
fnqqotcd ftvrnp. 

Ferrules — Bings inserted in the emls 
of many fin; t ubes to protect the ends 
of the tubes troni the aetion of the 
fire. 

Fibre ' The structure of wrought-irou 
which is devidojied during rolling. 

Fire-box — The furnace of a loconu)ti\ e 
or a vertical boiler. 

Flanging— I’nxiucing llanges by bend- 
ing over the edges of plates. 

Flats — Bars, the section of which i.s 
rectangular but not square. 

Flatters — A siiecles of hammer struck 
by a sledge and used to impart a 
neat finish to plain surfaces. 
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DIOTIONARY OF SMITHS* WORK 

Flux rowdBrod sand and borax are 
fliixoB uH(;d bv Binlths when makini^ 
welds. 

Forfire— An open fire earrle<l on a 
low ]>latform, and Burmounttid by 
a hood and ehiinncy. 

ForKe Tests - lluut;h beiniiiiK un<l 
drifting testB made on BperimeriH 
at the foFKe. 

FoPgInjf— The practice of producing 
HhapcB in inallcable metal at the 
anvil. 

Fullers Tools having eonvex ed«cs, 
struck by a kIciIkc and used for 
drawing down. 

FullerinRT- The proeexs of <lniwin)^ 
down by a fuller. Also broad 
llnishiiiK following caulking'. 

GALLOWAY BOILER- A inodltl- 
eation of the Lancashire type.havina 
the two dues uniled In oJie at the 
rear, and lifted with ttalloway tiil)es. 

Galloway Tubes -Cross water-tubes 
of crmieal form. 

Gap Gaujre A plate KaiiKc havinii 
its ed^es notched to standard widths 
for meiisurinf^ work durinvt foruintz- 

Gaseous Fuel -Csed for heatinj^ 
reverberat«iry ami ri\et furnaces. 

Girder -A lieam which occurs in 
numerous desit^ns. 

Girder Stays - 'I he bridKc stays that 
reinforce the top of a locomotive 
flre-i)ox. 

Glut strip of sipiare or triangular 
section used for welds. 

Glut Weld- A weld made with a 
^liit strip, it is both a l>utt ami 
a V-weld. 

Gusset Stay -A diai^oiial li(»iler-sta> 
made of plate and aiiftle. 

HAMMER - A ju'rcussive type of tool 
which inelmies hand, holdim^-u]). 
set, and sle(l).;e uroiips. 

Hammerman smith’s striker uho 
wields the sledge. 

Hammer Shaft — The handle ot a 

sledge. 

Hardening -The result of hoatinvt 
Bt<‘et and (luemdiin^^ it in liiiuid 
smhlenly. 

Heat— Making a mass of imdal hot 
f<ir the purpose of foruiny is tenm*d 
taking n h<’(tt. 

Heater -A white-hot lump of imdal 
placed in contact with plated work 
at a locality where slijzht correction 
is required. 

H-Irons Joint sertions, 

Holding-up Hammer A hammer 
held umier n rivet head while the 
tail is heinu closed. 

Hollow Fire A 8nuth’.s lire tianked 
round to enclose a hollow space 
clear of fuel. 

Hollow Tools — Swiigt'i. 

Hot Saw A eireular saw wliieh cuts 
red-hot metal. 

Hot Sett A smith's chisel uround 
with a keen ed^ie to sever hot. metal. 
Hydraulic Flangin'fr, and Forglng - 
KhiniJiin^j ami fortiiiijj done on dies 
actuated by hydraulic | resses. 

Hydraulic Test- A pressure test for 
steam boilers. 

INTERNALLY FIRED BOILER - 

A ste.am boiler baviim its furnaces 
eneloaed within tlie shell. 

Iron — Cscd in the form of bars, plates, 
and rolled sections. 

JOIST SECTIONS -Rolled .sections 
in iron and steel of tlie form i»f tlie 
letter H. 

Jumplng-up - l'ps(‘tfing. 

Jump Weld -A butt tvefd. 

LAMINATION — (anidition of iron 
plates the layers of which are 
imperfectly united. 

Lap Riveting — The union of over- 
ia^plrig edyes oy rivets. 

Lap Weld- A weld joint made by 
the overlap; ina of » Iges. 

Letting down - Lowering ttie tempera- 
ture of steel from the hardening to 
the tempering heat. 
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Levelling Block -An iron block or 
table on wliich plates are levelled 
by hammer blows. 

Limiting Dimensions— The maximuiu 
(limensions in which bars, plates, 
and roll«Ml sections arc mamifactured. 

MALLEABLE IRON—Wroiighl iron. 

Mandrel — A bar of round or other 
section around whicli an eye or ring 
is bent or corrected. 

Mates — The men wlio work togetlier, 
as the smith and his st riker. 

Monkoy — A kind of heavy hammer 
Busi»ended and swung by a rope. 

Multiple Machines — Machines which 
embody provision for punching 
or for drilling a number of lioles 
simultaneously. 

OLIVER — .\n old-fashioned hammer 
operated by a treadle and spring pole. 

Overall An aggregate dimension, tlie 
sum of a number of smaller ones 
in serit's. 

PAN HEAD RIVET— One the bead 
of which has the section of a conic 
I rust urn. 

Pendulum Hammer - A monkey. 

Piling — Kagotting. 

Planed Edges -These areailopted on 
liigh-elass work to «‘iisun‘ smocth 
edges and good (it ting. 

Piate Furnace A reverl)erat(*ry fur- 
nace. 

Piate Gauge — A notched gauge for 
measuring the thickiu'^ses of plates. 

Plates —Rolled material in which the 
length and width greatly exceed tin* 
thii'kness. 

Plating The w<»rking up of plates 
into girders and hoili rs. 

Porter Bar An extension on a forging, 
held in the hands of the smith. 

Punch -A tool used for driving a hole 
through a forgi ig. 

QUENCHING -Thrusting heated steel 
into water or oil to etfeet hardening 
or tempering. 

RED HEAT — Denotes the colour as 
seen in a dull light, as the shadow 
of a forge or wall. 

Red-shortness— A eondition in whieli 
iron and steel cannot be worketl at 
a red heat without fracturing. 

Reduction of Area The diminution 
in cross section which takes place 
at the point of fracture tit a bar 
subjected to tensile stre.ss. 

Reverberatory Furnace -\n arebed 
furnace in which work is heated by 
ineande.seent gjises ajiart I mm 
••ontaet with the fuel. 

Rivet — A means of union betwiam two 
or umre pieces, etfeet ed hy enlarge- 
ments at btitli ends tif a parallel 
shank, or pin inserted through a hob:. 

Rods Kars of iron or steel of various 
small seethins. 

Rolls Machines iisetl either for h(*ml- 
ing plates to curves or for llattening 
them in true planes. 

Rounds liars of circular cross seel ion. 

SAND l^setl as a tlux in welding 
wrought -iron. 

Sawing- Rolled sections art' sawn to 
lengths with economy of malt'iial 
and time, and tlie advantage of 
leaving smtMith ends. 

Scale- Tlie inerustatiou tliat forms 
in steam boilers. 

Scaling— Chipping otf holler scale 
witli a fhisel-llke sealing hammer. 

Scarf Weld— .’\ lap weld in whieli tlie 
edges in ctmtuet are sluiietl or 
tapered. 

Seam —A lap joint, or a Ranged seam 
in a furnuee. 

Seating — An intermediate litting on a 
boiler shell to receive a litting or 
mtiuntiiig. 

Sections — Non-plane forms in wdiich 
iron and steel are rolled. 

Setts —Smith’s chisels. 


Sett Hammer — A broad hammer 
which is struck by a sledge. 

Shearing — Cutting off iron or steel 
with a scissor-llke action. 

Sheets — Manufactured materials of 
large area, but thinner than plates, 
or below i in. in thickness. 

Ship Plates — The eouiiiumer kinds of 
manufactured steel plates. 

Shrinkage -Allowance for shrinkage 
of forgings lias to be made in smith’s 
dies. 

Sketch Plates Plates cut to special 
sliapes at tlie steel works and for 
which extra prices are charged. 

Sledge A lieavy liammer having a 
long handle to permit of swinging it 
round in a circle. 

Snap A steel die usi'd for imparting 
a neat liiiisii to rivet tails. 

Snaphead Rivet -One having a head 
semieireiihir in section. 

Squares IbirsBciuare in i rosssection. 

Stays — Csed for .8tiffeniiig the flat 
plates of boilers. 

Stay Tap - A longtaj) used for screwing 
holes in fire-boxes. 

Stay Tubes — Snu»ke tubes wlileli also 
fulfil the function of stays. 

Steam Hammer -Cseil largely in tin* 
heavy work of the smithy. 

Steel -.Milil steels, or those low in 
earhoii, are used by smiths. They 
include Open Hearth and Ressemer 
luodiiets. Carhoii steels are chiefly 
u.sed for cutting tools. 

Swage Block A rectangular block 
Cl iiitalning numerous bottom swages, 
wiffi holes for bemliiig. 

Swages Tools for imparting shapes 
to forgings. Called top and bottom 
t o( ds. 

Swaging Drawing down. 

TEES- Rolled sections liaving the 
form of the bdter T. 

Telescopic Plating Relates to cylin- 
drical hoilcr-aheli.s the rings of which 
arc conic ITustra. 

Tempering - Hardening carried to a 
certain stage only, less than the 
maximum possible. 

Temper Tests Tests made on liar- 
dened materials to ascertain their 
ductility and stri'iigth. 

Templet A strip, plate, or framing 
used for marking out work from. 

Templet Maker — A boilermaker 

whose duties are restricted to the 
prei»aration of templets. 

Thinning Corners of boiler jilates 
are t binned where adjacent jdates 
overlaji. 

Tongs I'sed in various forms at the 
forge and jiower hammers. 

Tongue Joint A V-joiiit made for 
welding. 

Tube Expander — An appliance used 
for tightening the ends of stiil^ 
tubes in their tube plates. 

Tubing — Inserting tubes in boilers. 

Tuyere- -Tlie ojieniug through whieli 
blast is delivered to a forge. 

UNITED INCHES- -The total section 
in siiuare inelies of a rolled angle, 
ehamiel, joist, or tee. 

Upending - Turning a bar into a 
po.sition with its axis vertically. 

Upsetting -Enlarging a portion of a 
bar by jumping it endwise. 

VEE WELD A weld joint in the 
siinpe of the letter V. 

WASH I NG~OUT — Periodical cloaiiing 
of boilers with a jet of water. 

Welding — Making joints betw'con 
iieated m''tals and alloys without 
any eenienting materials or ex- 
traneous means of union. 

Wrought Iron- - A comparatively juire 
iron prepared by puddling. 

YORKSHIRE IRON— The purest 
brands of wrought iron, prepared 
ill Yorkshire 

ZEDS— Rolled sections having the 
shape of the letter Z. 
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GOOD FOOD-HEALTH’S FIRST LAW health 

The First Law of Health. Chemical Composition, Classification and Uses of 4 

Various Food-stiiffs. Advantages of a Mixed Diet. Food Accessories, Meat < on(i.iucw onm 


By Dr. A. T. SCHOFIELD 


IN ontoving upon this Hooond division of our 
^ section, we leave the high and broad gem*- 
ral prineiplos of healtli which we have hitherto 
been considering for the smaller and yet in on* 
practical matters of eating and drinking and 
clothing, and projiose now to consider the appli- 
cation in detail of the first law oj fuallh — 'jood 
food. 

The First Law of Health, 'fliis is a 
subject near to the heart of every true Eiiglisb- 
man, and rightly so ; for is it not one. if not tlu^ 
solo, eorner-stone of healtli ? M'he objta*t f)f all 
food is to repair the waste of the tissues inces- 
santly going on during life, which, we must (‘ver 
rememb(‘r, consists in ceaseless nicta holism, or 
destrnetion and repair. Tlu' food taken iseoii- 
Hiimed in moving and heating the body, and just 
as it is important for boilers to burn good ( oal, 
so in the human economy is it essential for luadth 
to have good food. 

This, them, being tlu* great general pur])ose 
for wliieh we. eat, we may further divich? ffxnl- 
sluffs into two great, classes of flesh -formers and 
body-wanruu’s. Really, the division should 1 h^ 
thiwfold — flesh- formers, or repairers of used-up 
iissne; bod}/-irarmers, to lie burnt up to heat the 
body ; and hod ^-workers, to he eonsunu'd in 
mechanical work. 

Broadly speaking, there are four sorts of 
food-stulls which fultil these ohjewts. Tlu' 
tlesh- formers are mainly the meats and sails ; 
the body-warmers are mainly the jals ; and the 
body-worker, tlie starch or sugar. 

If these foods are taken in the right propor- 
tions the first law of health is fulfilled, but the 
proportion is important. If wc' eat too few 
ilcsh-formers and too many hody-wanneas 
workers, we get fat and feidik*. If we (ail 
few body-warmers and workers, and too 
many flesh-formers, we got lean and liv(‘Iy. 

It Avill be observed that of these four foocL, 
tiro — the meat, or nitrogenous, and the fat — 
are principally animal’, one — the starchy — 
is mainly vegetable ; and one — the salt — is 
mineral. 

Chemical Constituents of Food. 

Furihorinor<\ inasmueh as the first two — meat 
and fats — are derived from animals that an^ 
vegetable feeders, wo may say that three-fourths 
of the food-stufTs are ultimately of vegefahh 
origin, and one-fourth only is mineral, and of 
that a minuto quantity suffiee.-J. So we sum up 
by Baying all human food is directly or indirectly 
vegetable, save a small amount of minerals in 
salts and water. Turn now to the chemical 
composition of these iour, and we shall find 
ourselves confronted by a quartette of letters — 
C, O, H, N, or carbon, oxygen, hydrogen, and 


nitro'jfn. Of these tlie cssenli.d hody-warnu‘r is 
the ^olid carbon or coal, and the essential (lesh- 
foriner is nitrogen — an inert gas, which nev(‘r- 
thek'ss is an indispensable ingredi(‘nt in the 
<‘omposition of every living thing on the face 
of tin*, earlli. L(*t us look at tlu‘ four for a 
monienl. 

Carbon. This :s the fuel of tlu* body, as 
it is of all the earth. It is the hody-Avarmer 
and hody-woikcT. Two of the food-stiilTs really 
dep(*iid upon tliis element one vegetable, the 
other animal. The one is starch — lloiir, sugar, 
etc., which forms so large a pro})ortion of our food, 
and carries on all tlu; mechanical work of tlu; 
body by giving out as it is needed the necessary 
force for lliis pur})osc. Fat, butter and cream, 
the otluM* food, kcc])s up the heat of the body, 
and wlua't* this is diflicult to maintain, as in 
Arctic* regions, during the long Avint(*r, such 
c*normous quantities of this food-stulT arc* con- 
sumc’d as to well-nigli form the whole dietary. 
Not only so, but l)c‘ing cv.itc*n to kc*{;p 
the* lamp of life burning, and not for greed, 
the whole of it is digc*sled, whic*h is a feat so 
rtunarkablc as to be Avholly inexjilicable did avo 
not knoAV tlu; c‘xtraordinarv intluenee of tin; 
mind over the; body at times of c'mergeucy, 
making it do well-nigh what it likes. One; 
cpiarter of the amount of fats in ordinary life 
Avon Id prove; far too mneh for the digestion. 
■Jbe Avonder of such a consumptiem Avill he; better 
appreeiatc'd wlien the rc'al diflic*ulti(\s in the Avay 
of tlic; digc'.stion of fat are nndcustood from 
the article on digc'Stion in tJie section on 
Ifliysiologj". 

Oxygen. 'Phis is a ga-s, as arc* the* other 
two; our principal iood elenu'iils consist, IIutc;- 
forc*, of one solid (carbon) and tlina* gases. 

<)xygc*n is the breath of life, and though ir 
c'ntc*rs really into all we eat and drink, avc; 
dc*iivc* our ])rincipal supply of it from the air 
through the lungs, rather tlian from the food 
tlirougb tlu* stomach. 

Considc*!’ for tlu* nioin(*nt these two, which, 
separately or c*ombined in certain ju'oportions, 
are the very essc'iico of life; foods, and yc*(. 
combined in another proportion — CO., (carbonic 
acid gas or carbem dioxid'*) - form a pobon, a 
dc'stroycT of life, a product of dc^comjiosition, 
breathed out of the; lungs at evc‘ry breath. 

Hydrogen. This again, though forming 
a part of starches, sugars, fats, etc., is one con- 
stitutent of imfer (II .O), of which by far the 
greatcF part of the body is composed. Without 
water there can be no life ; any tissue that 
dries dies. Hydrogen, llierefore (in coaibiiia- 
tion with oxygen), may be taken to represent 
principally the fluids of the body. 


3101 ) 





HKALTH 

Nitrogen. This iniM't. gixs is the essential 
eleinont in all life. It forms a great part of 
the body -cells themselves, and r*ven serves as 
food to rt^pair such waste of tlu*se cells as 
is ])erpetiially going on. Xitrogcai is found 
])rin(;ipally in animal food, whether meat, 
fisli, flesh, or fowl. It also occurs in smaller 
quantities in grain, corn, Ixuins, peas, et<*., and 
is, too, the great agent in forming flesh. 

Speaking gemu-ally, then, we may say: 
f'arboii, as fats, butter, ete., is for the hrut 
of the hfKhf ; Oxygen, as air, is for the hrndh 
of the hoih/ ; Hydrog(‘n, as watta*, is lor the* 
Hqiiidn of the hoitij ; .Vitrogiai, as meat-, cereals, 
beans, ('te., is foi- the repair of the fioth/. 

In addition mineral food is required, such as 
salt. 

'rhe source of our supply of th(‘se tour eleimarts 
is full of interest, 'riui oxygen and hydrogen 
we n(‘ed not trouble about, as they an* supplied 
to us ad til), in air and water. Nitrog<*n exists also 
in enormous <piafititi(‘s in the air ; ami could we 
assirnilati^ it— that is, lurtavc*, rtdaiii, and use 
it in the body as a gas the whole food problem 
for tin world, and espt'cially for the poor, would 
be solved. .\s it is, w<‘ cannot take it jaw, bjit 
only in expejjsi ve eompounds oi* food-st iitfs, which 
arc the great expjuisi' of oui* di(‘tnri<‘s. If w<‘ 
could us(‘ nitrogjui fioJii the aii', w(“ breathe* 
e'Mough into the lung.s in one mitjute* to (“epial 
the whole? food sjipply ejf this e*l('me‘nt for the* 
day. But we* eanimt, and so we* aie }u*re? abso- 
hite?ly de‘pendent, as we have alre'ady she)wn, 
uj)on the ve'ge'table kirigdejm, which can alone 
store, up nitiogen in the* foini we* e'aii eat it ; 
for not only e*an we* ne)t take; it raw' as a gas, 
}is we <le) oxyge-n, but we e*annot even use; it. 
from jin inorganic eeunjjound, such as ammoniji 
(NH;.), as Ave; elo hyeli'oge'ii from water (11.^0). 
It must be in an nrqanic eompinind, and we* 
shemld all pe-rish for want of it we‘re it not feu* 
the; labours of the; vegeitable* kingelejm ; tor 
eve*n if w'c e‘at animals, the*y ejwe* t]j<*ir lle;sb 
and bloexl to ve‘ge*table‘S, like ours(*lve*s. On the* 
sile*nt. and ine'e*ssant labours of tliis le»we,*r weu’lel 
in stoi'ing niti’oge'fi foi' us in a form we; e*an 
take*, thei ve*i’y e*xisle*ne*e* e)f the* animal kingelom 
depe*nds. 

Vegetable Diet. 'I 'he* v<*ge*lable world, W'e* 
know’, ran ejbtain its foexl fie)m inejrganic and 
simple; substance's. It draws the; jiitrogen from 
the soil, and the rhluroph}//! (gre*e*n ee^loiiring 
matter in le*ave‘s) e-ause's the* wate'r it draw’s up 
from the rejots to unite* with the (JO e>f the air 
and fejrm starch (bOOo • oH^O f\:llioO-) 
(() mole'cuU*s of carbonic; acid ami o of wate'r 
form I me)le*e;ul(‘ of starch). Ve*g(*table*s build up 
compejund ejrganie* forms fre>m simple; ineuganie* 
oin*s, thus steu irjg up for<*(* for animals te^ unbuild 
and ox])and, by adding more (e)r by e*om bust ion), 
with the; Ibrniatiejn eaice more of carbonic ae;id 
and w'ater. Ift'nco the ve*getable proc(*ss is called 
anaholie, and the* animal hUaholie^ metabolism. 

The vcg(;tal’* kingdom is an essential link 
between tin* inorganic wairld and the animal 
kingdom. Animals must have, as food for 
producing internal waermth, those compound 
orguivic bodies tluit vegetables now spend 
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their lives in making, in the same way os 
the vegetable kingdom laid up long ago stores 
of coal to provide external w'armth for us, by its 
slo.v combustion into gas, water, and ash. 
'J’iie fire within and the fire without come from 
the same source. Animals do not, how’ever, 
dissipate at once all the energy they get ; 
part is used to build up the still mon; complex 
forms of jinimal [jrotcids ; so that when thest; 
arc eaten (animal diet) they jjrovido a still 
gr(;ater amount of stored-up force. Animal 
diet, therefore, though ex])ensiv(‘, is more 
stimulating than vegc;table. 

Wasted Food Material. Amongst tin; 
dreams of men concerning these sjibj(;cis, none is 
so beneficent, or far reaching as that w’hi(;h })ie- 
lur(;s us d(*riviiig this great and (;x])ensive ele- 
nuuit nitrogen fr(*(*ly from the aii’. It is really an 
exasperating thought to remember tliat thousamls 
(lit* of starvation, who di(; aetjially taking every 
minute into th(‘ii‘ l)odit“S (by the lungs) food 
they have no ])ower to retain. It is worse than 
men dying from thirst on the oe<;an. So many 
wild dreams of past ycjirs an? to-day tlie common - 
place of sei(‘net‘, lliat he would lx* both hold 
and rash who would afliini that nitrogen as 
food may not yi t lx* sujjpli* d without cost, 
just as hydrogc*!! .ind oxygen are now’. 

'fin; oth(‘r element foi’ which wc* have* to pay 
is e.irhon. Unlike uitiogt'ii, it can be eonsum(*d 
ill a raw' state; for coal has lx*eii c‘aten, 
<liamonds have Ixeu erush(*d and drunk, and 
lead pencils suek(‘d, but we cannot assimilate 
c arlioii well and easily ; and [iraetically. as its 
inorganic* compound ('()._, (earbonie acid gas), 
is a poison to man, w'c; bavi; to d(;pend for 
it on tin* organic eompounds of starch and 
sugar, the; ivsults of the; labours of the; vc*ge- 
tablc world. So at ])r(;sent wc* pay heavily for 
our earboii and iiitrogc*n, getting our liydrogen 
and o.xygen fre e*. 

Bc'forc; leaving tlic‘S(; prt‘liminaru*s k;l. us 
make; cpiitc; <*lc*ar to our rc‘adc;rs the life eyole 
that we sjiokc; of in tin; first chapter. 

Carbon, oxygen, hydrogen, nitrogen, are; the* 
elc;ments of the; iuorgnnie eompounds ammonia, 
air, and water, and these are. built up by tlu; 
vc*gc;tabl«; world into starches, fats, and pretfeids ; 
wc eat them and build them u}) further into 
ftesh and blood. Then by that metabolism, or 
ceaseless change*, of wliieli life e e insists, they 
are soon unbuilt again right dow n te.) ammonia, 
water, and earbonie acid the compounds of 
the four elenient.s w ith w hich wo b(‘gan. 

The Ideal Diet. Of these four great 
foodstuffs man for suli.sistcnec. requires every 
21 liours I 11). proti'ids, such as meats ; ^ lb. 
carbohydrates, or stareh(*s ; ^ lb. hydrocarbon, 
or fats ; f oz. salt ; and 2 epiart » of water, 
besides air. Jri otlier words, I lb. of dry food 
daily, 5.} lb. of w’ater, and IJ lb. of oxygon in air. 

It must be remembered that most food is 
more than half Avateu* ; so that about 2J lb. 
of ordinanj food makes 1 lb. of dry food. 

The above diet is roughly represented by 
\ lb, steak, 1 lb. each of broad and potatoes, 
2 oz. butter, a little salt, 1 pint of milk, and a 
quart of water. 
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Functions of Food-stuffs. But fats 
and starches are formed of carbon, hydrogen, 
and oxygon, and, as they contain no nilrogon, 
they are not alone sufficient to sustain life. They 
differ, too, in their use. The sugars and starches 
only give out force by the combustion of thc^ 
carbon in them (with oxygen) ; they give energy 
rather than hea t, and hence are principally of u.sc 
for mechanical work. The fats and oils burn both 
the carbon ami the hydrogen, and this protluees 
great heat ; th(‘y are thus used for iranniruf the 
body ; but they are harder to dig(*st, tht* (‘asiest 
forms being those of cream and biitltu*. 

The mineral food is ])rincipally used to dissolve 
the rest. Both salt and water arc' great solvents 
of proteids, hence salt is so usc'ful with eggs 
and meat. 

Of the tl<‘sh formeis, as may be supposed, 
about twice as much is reciuired (in proportion to 
the body weight) during growth as in adult life. 

Excess of starch and fat foods is easily stored 
up in the body and in the livc'r ; but excess of 
])roteids cannot be stored uj), and tlu'y circulate 
in the blood and cause many evils. 

The amount of body-w’armers required 
decreases slightly from birth to d(‘ath ; that of 
body-w’orkers varies immensely with the work 
done. In hard work more tlian double the 
ordinary amount is reciuired. 

Sources of Food>stuffs. Having thus 
glanced at the composition of food-stulYs, we 
will consider their varit'ty and their sources. 

They fall into two classes — inorganic, or 
mineral, and organic. To the former l)elong: 

1. SoLiD.s. Salts, principally common salt, 
also phosphates of lime and iron, and others. 

2. LigriDs. absolute amount neech'd 

lb. daily. 

3. Oases. Oxygen, about 7,tMK) grains, or 
\l lb. daily. 

No animal organism can live Without waU'r, 
which is continually changed every day, so that 
Ifoppe Seyler's saying is true that “ all organ- 
isms live in running water.” 

Organic foods are subdivided into animal and 
vegetable, and these both include proteids, or 
nitrogenous foods, and non-nitrogeniajs foods. 

1. Animal Pkotkids, derived from milk, <‘ggs, 
meat, fish, fowd, etc. 

2. VKOKTAnuc IhiOTEiDS, first discov(T('d in 
1838, derived from all cereals- wheat, barley, 
oats, I’ye, mai7.(‘, (^tc., and from all legumes, 
such as peas and beans of all sorts. Pea chei'se, 
as made by the (liinese, is an excellent .substitute 
for meat, while macaroni, vermicelli, etc., made 
by the Italians, is the strongest vegetable pioteid 
food from cereals. 

Advantage of a Mixed Diet. Before' 
1838 it was believed that all nitrogen as food 
must be derived fi’om meat, and hence vege- 
tables occupied a very secondary place. Since 
then it has been found that so many sorts of 
grain produce proteids in such large quantities 
that it is perfectly possible to keep the body in 
health on vegetable food only. There is, there- 
fore, no ground for the ^'eat pnqudice that still 
exists against a vegetable diet in the minds of 
many Englishmen, and aHhough it is probable 


that wo w'ere never ink'nded to be exclusively 
vegetarians, the fact remains that at present wo 
cat too much meat, and the introduction of 
prop(»r vegetable food into the working homos of 
England would provi' a powerful source of both 
health and happinc.ss. 

The Source of Proteids. With regard 
to proteids, we may remark that, nitrogen i.s 
always being lost, anti an animal without 
this food must waslt', and could only exist at 
all by feeding on it. self. It is found in the 
gluten of wdieat, in thi^ albumen of eggs, in the 
cast in of milk as w t'll as in nu'at, in the fdn in 
of blood, till' syntonin of muscle, the gelalin of 
connective tissue, and I'lscwhcre. It is also 
found in the flesh of all othei- animals, fish, shell- 
fish, birds, etc. Proti'ids (with inineraLs) can 
su.stain human life alone foi* a short time, but 
they are such a wasteful diet that tliey put 
a strain on tlu' dige.stive organs so enormous that 
they cannot long sustain it. Proteids contain 3.\ 
jiarts of carbon to 1 of nitrogen, whereas we 
shall see that the daily waste, and tlurcfore the 
daily food, reipiires to be in the ])ro])ortion of 
15 to 1. To get enough earbon, tlierefore, four 
timi's as much meat (and nitrogen) must be con- 
sumed as is necessary, enough nitrogen for the, 
daily siqiply being furnishi'd by I lb., wheri'as 
it takes 4 lb. to fuini.sh the amount of carbon. 
When w'c .see that, instead of 4 lb. of m(*at, .J lb. 
of fat or 1 lb. of sugar gives the needed amount of 
earbon, the advantage of a mixed diet is obvious. 

Carbohydrates or Starch Foods. 
Non-nit rogenoirs foods includi' (.A) (Virbohy- 
drates, or starch fooils, and {\^) irvdrocarhrais, 
or fat foods. 

1. AxiMAJi SroAHs, (h'livrd from milk and 
honey. It is not a little remarkable that milk 
is practically the only source of animal starch 
or sugar, this being otherwise almost an ex- 
clusive product of the vegetable kingdom. 

2. Vkuetahle Stakche.s and vSi.oah.s. All 
grains, beans, and vegetables; various sugars - 
cane, beet, gra[)e, and malt sugar-s. Alcohol is 
also a carbohydi ale. 

Animals fed on the.se aloni' have to consume 
their own tissues to get the nitrogen jef(uired. 
Hogs fed on sugar and waiter remain healthy a 
WTck, then get ulcers on the eyes - as Hiiuloos do 
who live solely on rice -and die in a niontl;. 

The essential food of life is, then'fore, the 
nitrogenous; the acia'.ssory, the non nit rog run ns, 
Keferring to these as body-workers, it was long 
thought by the greatest ehi'uiists, such as 
Liebig, that the body work was really done by 
the proteids. The proof that it is nt»t is as 
follows: 'Phe waste yrodurt that is found in the 
body when proteids are used up (oxytlised) is 
urea ; whili.' the waste product of the combustion 
of sugars (carbohydrates) is carbonic acid gas. 
Pareful experiments wire conducted by Petten- 
kofor and V\)it. which succeeded in pioviiig that 
the amount of urea pioduced in . twenty-four 
hours did not vary in jmoportion to thci amount 
of work done, but that the amount of carbonic 
acid always did. This showed conclusively that 
work used up the carbohydrates, and not the 
proteids 
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The Hydrocarbons or Fat Foods. 

'Pho Hydrocar})ons or Fat foods are : 

J. Avimal Fats. Butter, dripping, suet, 
lard, cod-liver oil, cream, etc. 

2. Veoktablk Fats. Olive oil, linsw'd oil. 
castor oil, cocoa huttor, etc. 

Both thes(? and the carbohydrates are com- 
posed of carbon, hydrogen and oxygen, but the 
(‘ssential dilTerence between tliem, to which tlicy 
owe their ditT<*ri‘nt names and properties, is due to 
the fact that in tlie latter the hydrogen is just t wiee 
as much as the oxyg<*n 'that is, in the proportion 
to pv re miter (H^.O). and hence they arc called 
hydrates, andhav<‘ no fre<‘ ii3'drogen left to burn, 
as in the e.is'' of sugar (t\;M i jOn) for exam])le. 

Ifych'ocarbons, on th(‘ < (»ntraiy, havt? a great 
(xces.sof ht/(fro'p‘n over the carbon, and henc»‘ have 
])l(^nty that is fns* to burn. ,.^() is a. fat 

formula, and if we <h‘duet 2 parts of 11 to form 
water with the oxvgcn w<‘ <till hav(‘ lb parts of 
hydrog(ui le:ft fre<‘ to biiiii, besides 10 t)f carbon. 

Besides the above, there ai<‘ food aeci'ssories 
and beverages. 'The Idjiuts' include fruit ami 
condiments. 

1. Fruits, 'llu'se contain various vegetable 
a(!ids, such as tartaric in grapes, citric in 
Uunons, malic in iipph's, oxalic in rhubarb, 
acetii? in viiu'gar, all of which an* good for the 
blood, and assist to keep it alkaline. 

2. (\)Nl)iMKNTS and spices eontaiti various 
aromatic bodies, which act as dig(‘st(Ts. 

Of beverag«‘s wt* shall speak later on, and 
neetl not discuss them hen*. 

So far, we have Ixa'ii eonsidiaing tood- 
stutfs, or food materials and the eh(‘iuical 
elements of which they are composed. It is 
our <luty now to look at the Foods llKunst'lves, 
and we shall lind it a subj('et of much interest. 

liCit us tak(‘ tliem in four divisions; 

1. Animal Foods. 

2. VK(JK'r\nLr. Foods. 

3 . Acc'kssoriks, ( 'ondimknts, and Scit ES. 

4. Manufacti'rkd and 'Pinned (Joods. 

Among th(^ animal foods, many of our vege- 
tarian friimds will, no doubt, be surjirised to see 
milk, butti'r, and cht'cse, which they have long 
tn*ated as vegetable. We begin with meat. 

Animal Foods 

Meat. 'Phis averages in com])osition, three- 
(juarters water, one-lift h proteid or nitrogenous 
footl, and one-twentieth fat. A* whole ox is one- 
third fat. a pig tme-balf. 

Mi^at compares with hrt'ad thus, as regards 
the fuod'StulYs it contains (in ItH) ])arts) : 




Dread. 

ProteitN 

20 

d 

Stan'he.s 

. . 

48 

Fat*--.. 

,') ! 

i 

M’ater 

75 

45 


Or, roughly siieaking, 1 oz. of meat is three- 
quarters water and one quarter proteid, and 
bread is half water and half starch. Meat has 
no starch, and breml very little proteid. 

Good meat i.s firm, elastic, moist (not Avet), 
marbled, bright red liesh (not pink or purple), 
with the fat lirm and a yellowish white. Tliis 
m(‘at docs not slirink much in cooking.' The 
best beef is from oxen five or six years old. 

diseased meat is dark, wi*t, and tasteless ; 
decomposing meat is pale, flabby, Avith a bad 
smell and an alkaline reaction, whereas fresh 
meat has an acid ri'action. 

Mutton is the most digestible meat, and the 
wether mutton is best. Bam mutton is eoars(‘ 
and rank. 

Pork is liard(*r to digest, unless ])iekled. 
.Kgin(*tus, who was a great autliority on food 
in the Middh* .Ages, says : “ Among quadrupeds, 
swine’s flesh is more nourishing than any other, 
beeause it is most like luiman liesh, as those 
have (ItH'lared wh(> baAa* tast(‘tl luiman Ih^sli 
by mistaki*. 'Pbat fuim shee]) supplies bad 
juiees, and that from oxen foinis melancholic 
humours.” 

Meat is subject to anthrax (carbuncle), foot 
and mouth disease, farcy, and glandiTs, all 
of which an* transmissible to man. Fatti in 
diseased meat, most of tin* ]n)ison is flest r*oyed ly 
thorough cooking, but not mna'ssarily all of it ; 
beeau"i(‘, though th(‘ bactiuia may die, sonu* of 
tlu* toxins or ]K>isons tluy make may still be 
in action. 

'Phe only real safeguard is to i‘at sound meat. 
'Puberculous imsit also should not bo eaten, 
though it is still disputed wlu'tber consumption 
can be transmitted from animals to men. 
Slieep have ])arasites (1 in. long.) in tlu; liver, 
called flukes, which are killed by cooking. Be(‘f 
and mutton are also atllieted Avith other small 
parasites. Pork is liabU* to tlu* nu^asli's (v/of the 
same disease as human measles), the small para- 
sites of which are A^ery numerous. TIuto may 
be 100,0(10 in a square inch of muscle. 

It is most imiiortant, therefore, that the meat 
<‘aten should be sound in every Avay. 

Method of Preservation. Meat is pre- 
served hif cold. It is not ofttai frozen now 
(tem])erature below F.), but k(*pt ‘1 degrees 
above (.‘15 ' F.), w bieli, whilt* it ke(*ps t he meat in 
pi'rfect condition, dcu‘s not render it hard and 
ilry like the older nu'thod. J^eef, mutton and 
lamb are all thus brought in perfect condition 
from Australia, NeAv Zealand, and America, in 
ships fitted up for the purpose. Meat can also bo 
preseiwed by liigh seasoning, as in sausages ; 
by drying in slrifis as is done in South 
Anu;riea ; hy curing, as in the ease of pork ; 
by smoking, or, again, it can be salted, or 
canned. 


(Continued 
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HOMAN SNAIL 
' h. c. KtU 

(/. B.'u k of foot 


{Helix 


h.ive now surv«‘yo(l the various groups 
^ of backboned animals, and must next 
proceed to the considtuation of the infinite 
variety of forms collectively known as back- 
boneless animals, beginning with the highest of 
these apd concluding with the lowly microseo]>ie 

creatures popularly termed Animal- 

eulos. It will be (‘onviuiicnt to start 
with sholl-Hsh or molluscs {Mtdlusra), 
which iiH^lude cuttlefishes, snails 
and slugs, cockles, oysters, mussels, 
and others. 

Shell-fish. Molluscs are soft- 
bodied creatun's, not divided into 
suee(‘ssive rings or segments provided 
with limbs (lik(‘ lobsters, centipedes, 
insects, etc.), and very commonly 
])roteet(‘d by a calcar(‘ous shell. Tlu^ 
under side of the body is thi(;kcned 
into a lleshy “ foot, ' by which loco- 
motion is ell‘(‘ct(5d, and there is typi- 
cally a well-marked bead. Th(*s(* 
features art* well se.(‘n in 380, which 
represents the edible or Homan snail 
jxmKifia), looked at from above. 

The Mollusea are divided into five classes: 

1. SiNAIfiS AN13 SlL'OS 

{GaMropoda). 2. (.'rT- 

TLEFISIIIOS (f Vy>/m/o- 

•p o d a ) . 3. * 'r ii s K 

Sn El -ivS ( Scd pho ()()da. ) 

4. Bivai.ves {LamxlH’ 
hninrhia). 5. M.ml 
S M E L L S ( H r OtO’ 
vioUnsrn). 

Snails and 
Slugs. In a ty])ical 
snail [380] the sludl is 
of spiral form, and the 
body of the animal 
can be completely 
whhdrawn into it as 381. uock sujiu, 382. mithe shki.l 
.> 1 r r. Csinsil /. Notch 

a mt‘ans of (iei<*flce. 

'rhe under side of the foot is a flat sole-like 
(‘Xj)a.usion, from which c. kind of slime exiide.s, 
and by waves of muscular contraction the animal 
is able to glide along a 
smooth surfac<‘, as every- 
one must have noticed 
in our common garden 
pest. The mouth is pro- 
vided with a singular 
rasping organ, by which 
particles arc scraped 
from the food. It con- 
sists of a projection rising 
up from the floor of the 
mouth, over whick is 
stretched from front to 
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back a horny ribbon {radida), st,udd(‘d with lows 
of minute teeth, by which rasping is elTeeted. 

A great variety of snails live in the sea or 
between tide- marks, and most of these breatlie 
by means of a plume-like gill (sometimes by two) 
eontained in a gill cavity placed far forward on 

the up])er side; of tlie liody ami 

roofed by a niemhram*, the mantle, 
which hcijis to make tlu^ shell. 'Phe 
purified blood flows into a Iwo- 
chambert'd heart, which purujis it 
over the body. Sonu' sea snails are 
i)ure veg(‘tarians. whik; otbms arc 
predaceous and highly carnivorous, 
fn the former — c.f/.. common peri- 
winkle {LiUoritut lit form), the opening 
or mouth of the shell is bounded by a 
continuous curve, and is said to be 
entire. But in* (wirnivorous typ* ^ 
there is a notch or canal 1381, 382., 
383] for tlic lodgment of a tube 
{.siphon) by whicli pure water’ flows 
into the gill cavity, the reason being 
that an aedive flcsh-t*at(‘r reipiircs more ptatVet 
arrangements for breathing than a shiggisli 
vegetarian. Some of the. luirnivorous types 
prey upon other shell- 
fish, using iluar rasp- 
ing organs for boring 
through the liard 
<’()V(‘ring ; a ])roeedure 
which may be aided 
liy the secretion of 
acid, for dis.solving tlie 
calcareous matter. 

Shells. Tlu; sludls 
of sea snails are often 
of gnait bi a.uty, and 
three types from 
among a bewildi'ring 
variely liave la’cn 
K( ‘lee led for illnsti’a- 
tion — namely, a rock 
shell {Mnrex) [381), a mitre shell {Mitm) 1382], 
and a cowry {(hjpnpa) [3831. A .snjalk'i* species 
of the last is used in Africa as a substitut(' 
foi‘ money. Large sums 
have hei'ii given by 
colleettas for sli(;Ils of 
iimisuul beauty or rarity, 
and has l)(‘cn paid 

for a single specimen of 
a species of cone shell 
{Conu.s). The helmet 
shells {Ca.s,sifi) are made 
up of differently coloured 
layers, and have been 
largely employed for the 
carving of eameo.s. 
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Sea Butterflies. A gix’at many sea 
snails have given up the creeping mode of life 
and taken to swimming at or near the surface, 
and this h/is Jed to 
much modiliealion in 
Ht met lire. A eoin])ani- 
lively largo type, of the 
kind is carinaria [384], 
in which )>art of tlu' 
foot is altered into a 
flattened fin, that moves 
from side to side and 
propels the animal as it 
ii<*s on its flack. The 
.shell i.s reduced to a 
little cap, hy which 
SOUK? of the more delicjito organs arc protected. 
Part of th(‘ floating ])o])ula.tion of the sea con- 
sists of little sea .snails [l^tin^pods) which arc 
still mor(‘ ])n)foiindly modified, 
and on account of their Ix'auty 
are popularly called “ .s(‘a 
hutterflies.” Thiy move by 
Mapping a. pair of delicate 
muscular tins, and may ('itlus* 

[lossess a d(*licat(‘ glassy shell, 

«)r b(' (uitirely devoid of any 
l»rot('ctive covering 1385). So 
abundant ai’c IIh'.si* little erea- 
1nr(‘S that thi'V constitute the 
chief it(‘m in the diet of the huge 
whalebone wliah's. 

'riu; .sea slugs iire de.sei'Tidi'd 
from .sea snails by reduction or 
<‘ompleti‘ lo.s.s of the .shell, with 
('longation and llattening of the 
body [391]. Many of them are of 
eli'gant form and beautifully 
colon rtid. 

Sea snails and tlnur allio.s are 
])rotected in a variety of way.s 
from their eiiemii's. 'I’he .shell is 
to he r<*gardetl as the primary 
means of defence, and in average 
ea.ses tlu^ animal can withdraw' 
entirely into this housi*. 
species .a liard jilat 
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down the shell over its body, being then com- 
pletely hidden from view. Like some other 

members of its group, it possps.ses a strong sen.so 

of locality, and selects 
a partaeular spot upon 
which to roost, wander- 
ing out from this home 
for two or three yards 
to browse on sea- weeds, 
and returning when 

thrivatmied by the wash 
of the tide. In course 
of time, the action of 
the foot and edge of the 
.shell wear out a dis 

linet oval “scar,” tlie 

poli.shed surface of whii li maki^s holding on a 
comparatively easy matter. 

An interesting feature is that many of the .sea 
.snails ai’c protectively eoloimal, 
resembling tliiar surroundings 
so closely that, it is difHeuit 
for their enemies to .see tluun, 
and eiu’taiii species which live 
on hninehing corals of dilTerent 
kind, vary in hue according 
to the nature of their liome. 
Tlio.se which swim at the 
surface of the .sim are trans- 
[lanait. often with a bluish 
tinge, and are thus rendered very 
inconspicuous. Many sea shig.s, 
on the otluu' Jiand, are distin- 
guished by the extreme bright- 
ness of their tints, and are 
(‘xeecdingly (‘onspieuous in eouse- 
(pumee. d'his is a ea.so of w’arning 
(‘olouration, associated w'itli a 
disagriHiable taste, and it has 
b(‘en found that fishes itsiially 
reject them as food. Cone shells 
can inlliet poi.sonous hit<*s. 

Careof Eggs. Tlnu’c areoften 
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arranginnents for the protection 
of the eggs among sea snails and 

In many ggg 339. iiAsriJic 0 H(;ans 

d in a sort of jelly which 


the upper side of the! back end 
of the foot j(opmw^/w///) .serve.s a.s a sort of front 
door. Tliis plate i.s farnili.-ir to eaters of peri- 
w'inlcles, wdio use ii as a purchase for the pin hy 
which (he delicate morsel is extracted from its 
stronghold. 

Limpets. Tactics of an entirely dilTerent 
kind are vc.sorteil to by the sluggish vegetarian 
limpet [Patella raUjata), which aliounds on the 
'tw'een-tide rocks all round our coasts. ''The 

shell lias Jiere Jo.st its 

original spiral form, and 
as.sumed a conical sha))e 
[396]. When threat I'liei I 
by the attacks of other 
animals, or in danger of 
lieing waslu'd olT the 
rock by the tele, the 
limpet holds on firmly 
by means of its sirtaig 
oval foot, and pulls 
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adheres to the various objects, or 
in a band of similar substance strengthened per- 
haps by sand grain.s, or, still more commonly, they 
are enclosed in hard proteetiA^^ capsules, as in the 
purple shell [Par para hipilh^s) f387J and whelk 
(IlHccinnm andatum). Tu a few eases the egg- 
capsules are sheltered wiilun the parent shell 
until such time as the eggs hatch out. A very 
elegant device is seen in the beautiful violet 
snail ilanthina), wMiieh liv('.s in the open sea. 

This creature constructs 
a buoyant raft of 
hardened slime mixed 
w ith air bubbles, and to 
the under side of this the 
numerous egg-capsules 
are attached [386], 

From the egg of a sea 
snail or slug a delicate 
little transparent larva 
hatches out [3951, wdiich 
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swims about by means of a kind of llap pro- 
jecting from the head. Its individual chances 
of survival arc very slender. 

Land Snails. Land snails have no doubt 
descended from aquatic ancestors, but have- lost 
their gills and converted the gill chamber into 
a sort of lung for breathing ordinary air. Tlu‘ 
Roman snail already 
Hgured [380], shows very 
clearly the “ line's of 
growth” upon the slu'll, 
which mark the succes- 
sive additions made as 
the inhabitant gradually 
increased in si/(‘. This 
])artieii]ar speeu's, not. 
infrc'quent in south-east. 

Kngland, and I'ommon 
on the (Continent, is said 
to have be(‘n introduced into 
this country for culinary pur- 
pose's by the Rmnans. Umh'r 
the, name of ” escargot ” it 
tigun'S in Frt'iich cookery, and 
eaters of this and otlua' species 
a, re not unknf)wn in llritaiii, 
partly because then* is a ]) 0 ])ular 
notion that they ari‘ a cure for 
consumption. 

Land snails are very tenacious 
of life, and, under favourabh' 
eireuinstances, can KMuain dor- 
mant for a very long time, under 
which conditions the mouth of 
the shell is closed by a partition 
of luirdened slime. Land slugs 
have only a small shell or no 
shell at all [392], and the 
abundant slime which (‘xudes 
from their skins pit'veiits 
them from being flried up. 

Land snails and .slugs usually 
(le|)osit tlieir <*ggs in the 
ground, afterwards covering 
them with earth. 'Plu^ young 
resemble their jmrents from 
th(^ tiim; of hatelnng. 

Some of tile lung snails 
have taken to living 
in frc'sh water, and 
when these are kept 
in an aquarium tlu'y 
may be seen to come 
up to the surfaet^ to 
get air from time to 
time. The common 

pond .snail {TAmnnus 
fitaijiialis) [394] is a 
familiar form, Avhieli 
may often be seen, 
shell d o w n w ar d s , 
crawling along the surface film where air and 
water meet. Its eggs are deposited on stones 
or water plants, imbt'dded in a gelatinous mass. 

Cuttlefishes. These arc highly predaceous 
marine molluscs in which a part of the foot 
has wrapped round and closely fused with the 
head. This region is drawn out into eight 


arms and tw^o long tentacles in thc5 cuttle- 
fishes and squids [3M], into eight arms only in 
the poulpe {Odopita) |402] and its allie.s. The 
inner sides of the arms, and of tlio swollen ('nds 
of the tentacles avIu'U th('S(' arcs lucsent, are 
studded with adlu'sive suckers which arc able 
to hold firmly to prey. Arms and ti'iitaeles 
alike can be stretched 
out at will to a relatively 
considt'iabli' distance. 

'riic mouth lic.s in tlu'. 
centre of the aims and is 
provided witli a [lowerful 
])arrot-liko l)(*ak, Avitliin 
which is a rasping organ 
lik(‘ that (d‘ a snail 1389). 

A large eonqilex (*ye. is 
situated on eitlu'r side of 
the head, and on the 
])osterior side »)f tlie liody tluae 
is a largi' gill cavity, containing 
two plume-lik(^ gills. water 

entering this cavity makes its 
way througli a slit and ])asses 
out again through a tubt* known 
as the funnel. 

The most I'Xjiert swimmeis in 
the group arc the sh'nder- bodied 
ealamari(‘s or siiuids 1 390 j. which 
dart backwards through tlie 
water with extrenu^ rapidity, 
by foreibU; ejection of water 
from tin; gill ea.vity through 
the funnel. An elongated in- 
ternal shell or j)en,” of horny 
consist eney, kee])S tlu' body 
sunieienlly sliif, and thus favours 
quick ])rogr('ssion [3881. A 
triangular lin on each side 
helps to balance the animal. 

An Enormous Squid. 
Sonu' of tiui squids attain a 
gigantic siz(‘. and would 
a|)p('ar to be partly resjion- 
sibli^ for the legend of tlu' 
gi(‘at sea serjient.'” In one 
authentic ease tlu* body was 
11 ft. long, tlu' arms K) ft., 
and the ti'titaeles 
21 ft., and still jai'gr’r 
spt'eiiiK'Us liave been 
recorded. 

'Flu' (‘ommon euttle- 
fisli {Scfyut) is n'la- 
lively shorter, bioa.der, 
and flatter than a 
scjuid, and tlu^ inb'rnal 
shell or cuttle bone" 
is a broad oval plate 
mad(^ up of calcareous 
lay('rs 1393|. It is 
often to be st'cn cast uj) on our shores, and is 
employed in the preparation of tooth-powder. 
Scraped cuttle bone, under the name of “ po\inec,” 
was formerly uscxl to dry writing before blotting 
pajjer was invented. 

A little relative of the cuttlefish (Sepiola) 
possesses a short, rounded body, and half buries 
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itself in saml, patientl}^ 
looking out for prey [397]. 

The Octopus. Turn- 
ing now to forms witli 
eight arms hut no teiita- 
elfs, .*<11011 as the jHUilpe 
{Octopus), wc find a 
plump, round(‘d liody 
wliicli has lost its in- 
tiunal sli(‘ll (402}. M<jst 
creatures of the kind 
lurk in lioles on rooky 
eoasts, and use their 
su( k(‘r-hoaring arms for 
orceping about, tliough tlu'y aro also able to 
swim fairly well. Largo individuals an* nol un- 
common on the shorosof tlud'hannol Islamls, and 
n roalistio account of a combat with one of those 
is given in Victor Hugo's “Toilers of tin* Sea.” 

Some of the ('ight-armed hams have given 
up the c*rco])ing mode of life, 
and once more taken to swim- 
ming, but in a lU'w fa*<hion. 

W'obs have be('n (hwoloped 
between the arms |3981, the 
n'sult being an umbridla- 
shapod ox[»ansion which 
propels tlu^ animal l)y alter- 
nately opening and sliutting. 

Methods of Defence. 

It might be suppos(‘d that 
the active and ])r(‘daceous 
members of the group would 
need no special means of 
defence, but, as a matter of 
fact, they have unrelenting 
enemies such as sharks and 
porpois(‘s, and ward off 
attacks in more than one 
w'ay. As in chameleons, 
frogs, and many lishes, there 
an* pigment bodies in the 
skin, and these are t*apabh; 
of contracting or ('x paneling 
to bring about colour changes 
in correspondence with the surroundings, 
arrangement is undoubtedly protective, but also 
S('rves aggressive ])nrposes‘. 

A sort of bag containing an inky fluid opens 
into the intestine near its termination, and if the 
attack of an enemy 
is pr(*ss('d home the 
fluid is I'jccted into 
t h 0 s u r r o u n ding 
water, clouding it for 
some d ist ance. \ "ndcr 
cover of this artificial 
night the mollusc is 
often able to make 
good its oseape. The 
pigment sepia was 
or ig i na 1 ly prepared 

from the ink-bags of 
euttlefishes. 

The largo eggs of 
cuttlefishes, squids, 
and poulpes are laid 
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in firm capsules, which 
are bound together in 
grape-like masses [401 \. 

Instances o f maternal 
solicitude for these have 
b(*en recordc*d. 'fhe 
young animals, when 
they hatch out, resemble 
the adult except in 
size. 'J’he argonaut, or 
paper nautilus {An/o 
uautu), one of the <*ight- 
armed species, affords 
a strikirjg instance of 
can; of eggs. The male 
is small, shell-l(;ss, and 
insignilicjint, but the female ])oss(‘sses a beautiful 
rihhed shell, with a keel-like edge*, formed by 
a soeretion that exudes from the greatlv 
broadened ends of two of the arms, and is not 
eompara hie to the shell of any 
other mollusc |399]. It is 
not only used as a dwelling 
by the mother argonaut, 
which grasps its ribla^d v\- 
teiior by lier two “ .slu*ll 
arms/' but also serves as 
an irjcubator, within whieli 
the eggs pas.s through their 
developnu'nt. 

A Living Fossil. 

Then* is one existing 
imanher of the euttlolish 
class— ?.r.. the pearly nau- 
tilus which differs in many 
ways fro?!! the n*st. and 
may be n'gardcd as the 
last survivor of a group onoi* 
dominant, a soil of “living 
fossil ’ in fact. ’'Lhc rounded 
body is covt'i'ed by an elegant 
external shell,* of regular 
!=ipiral shape, and a S(*(tion 
tbrougb this shows that 
Ikt' older part is divided 
into a series of chain bi'rs by curved partitions 
1 400]. The aninial lives in the last largi* 
<*hainber, and as it grow's, continues to enlarge 
the month of this, adding a new’ partition at 
the back from time to time. Tb.e older part of 
the shell is, in fact, 
converted into a 
.seii(*s of gas cham- 
bers, wJiieli lielp to 
buoy the animal up 
and prevent the large 
hea\y shell from be- 
coming too much of 
anclicumbrancc. The 
device has not proved 
a great succe.ss, for all 
niolluscs with a cham- 
bered external shell 
have long .since bc- 
conie extinct, with 
this one exception. 

It has four gills. 
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I understood as a child, I thought as a c*]iild ; 
but when I became a man 1 put away cliildish 
things.” 

The Mind of a Child. Nowadays 
we see that a child is by no means a little 
man. We see that ho has his own waj’s of 
thinking, understanding, and acting. We .see 
that his s(‘lfishn(‘ss a?id the like really re])re.sf*nt 
mental and moral stages which an* |>r(‘hiiman 
oi‘ subhuman. Regardt'd in the light of the 
rf'capitnlation theory, the whole history of the 
development of a eluld's miud assum<‘.s a new 
signitieanci*. 'I’ho wis(‘st among ns are therefore 
beginning to modify educational ])ra<*tjc«‘. 
It is Ixa'iig .seen tliat, so far as the moral educa- 
tion is eonc(‘rned, we must hl.uue the c‘hild 
le.ss and try to iimh'istajid liiui mon'. While 
we seek to lead forth, or ('du(‘at(\ iIk* worthy 
eharaeters, we must. .s(‘ek, on the other h.ind, 
a.s 'J’enny.son, tlu‘ poet of (‘volution, said, to 
“let the a))e and tig. r die." 

Ihit the pr<‘sent writer never (hsds Avith 
jKsyehology w ithout encountering the temj)tation 
to w'rit(‘ a lit(l(‘ treatise on (‘dueation ; and he* 
must r(‘frain. 'Phis at loa.st, however, may 
he .said -that wlu‘n at last we reach a really 
ratitmal education, Avhich will provich* the litt(‘st 
envircjiiment — merdal, moral, and physical 
for the whole? child, it will be upon the truths of 
psychology alone? that our practice Avill be 
foundc'd. 

Thea’c is no room here to enter on a diseiis.sion 
of the* moral aspects or facullie'S of the mind, 
though their importance, of (‘onrse, cannot pos- 
sibly l)c oveT-e'stimated. Hut, at any rate, space 
must be found for making emc* assertion, which 
is eof the utmost importance in regard to the* 
practice of cducatiem. 

Brain Cells cannot be Multiplied. 

fn accordance with a great law' diseovoivd by 
He*rb(?rt Spen(e‘r, a cell which has become so 
highly dev<*loped and dilTi'rentiatod as a nerve* 
cell must ricce.s.sarily liave cemipbloly lost any 
poAve'i- of divisiem. No nerve cedi e^an divide*. 
The iiiinibe*r of ne*rve ce‘Il.s in the* brain of a new - 
born baby perhaps about twenty thoii.sand 
millions- cannot be inere*ased. e*ven to the 
extent of a single one, by any proee.s.se.s of 
education. Injury or disenise may eU'strejy iu*r\e 
ct*lls ; no ])()wer em eartli w ill multiply them. 

It follows, therefore, that for any given indi- 
vidual the?re is an inexorable* limit Of psychical 
pos.Hibility. No amount of education, not if it 
Avere continued tor a tliousand ye-*ai*s, could eveT 
cause? an Au.stralian aboriginal, nor the pre'.sent 
Avriter, nor, if one may ve‘nt\u*e to guess, tlie 
present reader, to write a “ Hamlet ” or a Rook 
c>f Job. The potemey of e*dueation i.s tlien-efoiv 
limited by Avliat is give'ii by inlie'ritanee. 'Hiis 
i.s by no mevins to say that any of us niakt*s the 
most oi his inheritoel po.s.sibilities, but it has a 
most important x)ractieal corollary. It implies 
that., while everyone sliould certainly be given 
the ehanee to avail himself ejf the? highest types 
of cducution, yw it should be recognised that 
there are brains and brains. There are those 
who are predest ined, be* they educated never so 
long and well, never to make anything more 
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than good farm labourers or the like. You 
cannot educate or diUAV out of any brain more 
than Nature has already put into it. Some 
day, perliaps, we shall try to adapt our education 
to possibilities ; not, to use a A^ery powerful 
and p('rhap.s cruel imago, casting our pearls 
before swine. 

Has the Mind Reached its Limit ? 

Since there is a curious delusion by wdiich men 
think of the mind cas synonymou.s Avith the 
intellect, some readers may have been puzzled 
to know lioAv it is that in the preceding sections 
we luiA'e paid so little att(‘nlion to the intelh'ct, 
blit hav(* spt'iif much space upon temperament, 
emotion, and Avill. This lias bet'ii done of int(mt. 
fii the first place, we do.sire to emphasise tlie 
fact that iiK'n of intell(*ct — not psychologists — 
hive lial)itiially tended to over-estimate thr* 
importance of intellect. This tcnihmcy is shared 
by many vvom(*n, who greatly admire tin* 
intellectual (pia.lities of men. But the most 
im])()rlant thing in the Avorld is Imrnan natun*, 
Avhiirh is a very different thing from the luim.in 
intel!(*et, and in discussing [isychology, Avhieh 
might h.av(* l)(‘(*n (*alled the .sei(*nce of human 
nature, it has h(*(*n our piirposi* to int(‘rest the 
read(‘r, if famsihle, ratln*!* in tin? fundam<*ntMl 
tacts of character and in the circumstances that 
d(‘t(*rminc uctiim, ratlu'r than in (luestion.*^ of 
thought. Nevertheless, it is no jiiirpose of tin* 
pn'.sent writer to dcpreciati* the intelU*.ct, and 
if it were so, the SHLF-RDi’CA'rort Avoiild la? a 
most ill-(?hosen medium for liis pin*])o.sc. It lias, 
fortunately, been found ])o,ssibIe for ns to con- 
sider the intell(*(!tiial })roci*ssos with the m(*a.sure 
of atl(‘n(ion that (Imy d(*sorvt', and the arrunge- 
meiit has one particular advantage. This is, 
that the reader may perhaps he h(*lped to 
clearness in his study. L(d us think of Psycho- 
logy as tin? science of mind or, perha])S b(*ttcr, 
the sei(*nec? of liumaii nature ; Jind let us think 
of Logic as the science Avhich concerns itself with 
the int(*II('et and tin* intellectual ])roe(\ss(‘s. 
Logic is to be tin? subject of a suec(?eding coinse. 
Rut meanwhih?, tln*re. remains a sliort space in 
Avhich Ave may concludi? t he course on P.syehologA^ 
by a brief introduetioii to a rpu'stion wdiieli has 
long interested tin? present Avriter. 

The Future of the Race. We are 

all cA^olnlionists nowmlays ; Ave “ think in 
(*voliition ” ; and Ave sit no longer Avith aA’crtod 
gaze upon the unalterable past, but Avith our 
eyes upon tlu? course that lies in front of our 
species and u])on the distant goal. It has been 
admirably said that ho Avho sets forth to discuss 
the theoiy of organic evolution but forgets its 
implications for the future is like a man who sets 
out to loll a good story but loaves out the point. 
Now, in preceding pages, Ave haATo refi'rred to 
the development of mind, and it is not our inten- 
tion to I(‘Hve out the point. 

The future evolution of man is of more interest 
to the psychologist than to the biologi,st. 
is the m(?aning of this curious statement ? It is 
that the future physical evolution of man makes 
Tho great promises. Biologists teach us that the 
animal race has ever been striving to become 



erect, that man has gained the erect attitude, 
being not only man the erex?t, but, as Stevenson 
puts it, “ man the erected,” that his tore limbs 
are free for higher purposes than those of loco- 
motion, and that the future course of his physical 
evolution will tend to consist ratluu* in the 
disappearance of useh'ss parts— such as toe- 
nails — than in the ap])earance of any new and 
i m port ant cluirac t ers. 

The Race is to the Wise. 'Ihc first 
reason h>r this belief is, as we have? already 
stat<‘d, that tlu* goal of physical evolution — the 
attainnumt of the erect attitud<‘ — has hetm 
already reached ; hut then* is anotlua* reascai 
which is constantly forgotten in tlu* poj)ular 
notion of organic* evolution — the most int<‘resting, 
important, and misun(l(‘rstoo(i of all subjects 
about which anyone can write. The gnait ag(‘nt 
of evolution is natural s<‘lection. (haracters of 
body — and this is profoundly true of characters 
of mind — survivci bocausi' tlu y are of value in 
the struggle for existence. Without natural 
selection, clioosing the best —as it usually docs - 
and allowing tlu‘ worst to die out, tluat* can lx* 
no progress. One of the reasons why physical 
evolution inakt's tew jn'omiscs is that natural 
selection on this |)lam* has been profoundly 
inoditie<l l)y the development of the human mind. 
'rh(‘ race is not now so much to tlu^ strong as to 
the vsise ; not so much to th(‘ lusty as to the 
self-controlled ; not so much to muscle as to 
mind ; not so mm h to biawn as to brain. Now- 
adays, if a man has a good liead, h<* may survive 
and yield children who tend to inherit his 
advantage, even though he may be of small 
statun^ and a v(‘ry poor mateli for a l-Taeken- 
sehmidt. 

The Evolutionist Must Be an 
Optimist. Natural seU'ction is now manif(‘sted 
most stringently in tlu^ splu're of mind. Tluu'e is 
every nvisonto b(‘lieve that the st ririgency of such 
selection will ijicHNise with the e<‘ntu ties. This 
ne(‘cssiirily im‘ans that every mental eharacter 
which has surrirni v<dnf will lx? accentuated 
and multiplied, (/h'.ir fxM’eejttion, good memory, 
H(;eurate association of ideas, vivid represcaita- 
lion, strong inhihition, rapid and elfe<'1ive aelion 
when inhihition is rtunoved, highly-d(*v(‘lnped hut 
wcll-eoiitrolkd emotions, keen but discerning 
Hymj)athies ' all these characters and many more 
will tend towards hight'r develojtment. This 
is the belief of the evolutionist, who, as we have 
repc^atedly ma ini aim'd, must necessarily he an 
optimist. 

If previous sc(;tiuns of this course have fullillcd 
their purpose, the rcadt'r will ap])roach with a 
critical mind smdi an expression of faith as this ; 
he will say, ” I know you o])timists : you have 
good digestions and sleep well, and you tinge 
your philosophy with the fortunate tempera- 
ment which results from the smoothness of your 
internal processes.” 

But though much optimism is a matter of 
internal sensation — is, indeed, organic ojjtimism 
as we have called it — this admission by no means 
excludes the possibility of an intellectual or 
rational optimism. HTorbert Spencer and Charles 
Darwin, the greatest of evolutionists, were 
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foremost as optimists, yet both of tlu*m suff(*red 
throughout praetic'ally the whole of their lives 
from nervous indigestion and insomnia. 

The Future will be Greater than 
the Past. “What is possible for human natui’i' 
here and is possible* for human nature at 

large,’ says I ferhert Spencer. Sometimes, in our 
admiiiition for a IWt hoven, a Cotd he, a. New ton, 
or a St. Francis w e are apt to think t hat we shall 
not/ look upon liis lik(^ again. Ibit every one of 
such men is a demonstration of the ])ossihilities 
of human nature, and is thus a certain proof that 
we shall look upon his like again - or better still, 
not his lik(‘, hut his peer. I’he higlu'r the plaiu' 
upon which natural selection acts, the mon* 
rapid and certain will he the mental evolution 
of man. The higher tlu^ mental average of any 
society, the grc'ati'r is its eliancte of ])r(xlueing 
the gr(‘at(‘st men. This has h(*en ebnelusivt'ly 
proved for us by Creeee ; it stands to reason ; 
and it is in strict accordance with the, law's of 
lu'retlity discovered by T)r. Framas fialion. 

There is one simple and obvious method by 
which liU'rital evolution might proceed apace. If 
the father’s know'ledgi^ W'(a(‘ transmitted to his 
child, or if, even, the father's a<?quir('d facilities 
for attaining knowledge w'ere transmit tixl to his 
child, if eaeli generation stepped into at one 
pace, or rather ] assessed from the lirst, the sum 
of all the menial advance of all pn'vious genera- 
tions — tlu'ii mental (wolution would bi* a 
thing of lightning speed. Tlu^ leader is, of 
course, awa.retluit the ))osHihihty of the inherit- 
ance of acijiiirements of all kinds has been 
argued by liiologists for deoadi's past, and tlu^ 
verdict is an almost uiKpialified nc‘ga1iv(\ 

The Inheritance of Acquirements. 
Dr. Arehdall Beid, who has been quoted 
elsewhere in this work, has shown that tlu' 
physical eontiiiuanee of the race wciuld he, 
impossible if tlu^ consequences of every injury, 
a-ceideiit, and disc’iase ri'gistired themselves in 
llu* next g(‘ii(*ration. From the, point of vic'w 
of tlie biologist and of the ])hysieian, it is a 
matter for eongralulatitjn that acquirements 
are not transmitted. Indeed, the rae(*. (‘ould not 
otherwise ])(Tsist. But from the point of view 
of the psychologist, it is a matt('r of th»‘ utmf)st 
regret that acquirements are not transmissible. 
Jlow ))!easant foj- tlu' readc'i's ehildreii if for 
them th(^ SKi.K-Fnu( atok could he, so to spi'ak, 
“taken as read,” and tlu'y could proeeefi further, 
so much work having h('('n done for tlu'in by 
tlu'ir fathers, and its n-sults transmitted to tlu'in 
by the laws of inlu*ritanee But as ('veryoiu^ 
know's, this is not so. A man’s wisdom dic'S 
w^ith him ; and the results of (‘ducat ion directly 
concern the individual alone. 

To this statement, of course*, there is the 
qualilieation that, though a man’s wisdom does 
di(? with him, strictly speaking, yet by means of 
speech and in inlinitely greater aegree^ by means 
of wTiting, it can be preserved. Many students 
have thought that the supremo advantage 
of man, as compared with the lower animals, 
is the fact that by such means the knowledgi^ 
and wisdom of one generation are not lost, hut 
persist. 


3111 ) 



P8YOHOLOQY 

Natural Selection in the Highest 
Sphere. In tliis limited sense it is true 
that we do indeed stand upon our parents’ 
shoulders, and therefore cun see further. Tlio 
future of the. race can never be (he same as if 
Kant and Spencer had never lived ; tliough tlieso 
niiglity ones left no children. But this indirect 
inheritanco is a fundamentally different thing 
from the true inherit anci^ of a<‘(]uir<‘mcnt.s, and 
for its success it depends upon the inherent 
qualities of each generation. 1 f some cause were 
to lead to the production of seuii-human eliildren, 
all that the kings of thouglit liave aecom])lished 
would 1)0 lost in a geneiidion ; librarii'S and 
picture's cund music acort's woidd bo burnt for 
fuel, and barbarism would Jiavo been rc-estab- 
lisbed. 

It follows, Ihen'fore— and tliis eonelusion is 
of su])reme importance- tliat tho progress of 
buFuariity essentially di'pends, as also <loes t'vam 
its retention of wbat it has already gaimal, upon 
the eoniimu'd a])plieation of the hiAV of natural 
sf‘l(H!tion in the hightisl sphere of all — tho spluu'c 
of mind and ehamelor. 

And here is tlui danger which many careful 
observers a.ro coming to recognise. Tlio futurt* 
is tlio child of tho juost'iit. 'i’lie history of tlu' 
liuman ra(^o is dotciiniri(‘d at any moment by 
tho eharaclors of thoso persons then living 
who boeomo ])arent3. Tho race will advance ; 
stupidity ajid vice and brutality and uglim\-'S 
of sold — these will disajqiear according as the dnln 
of conthiuiwj the race is performed bif the best rather 
than the worst at any age and in any place. 

Society Breaks a Natural Law. Tims 
tho birtli-rato is a subject of tho profoundest in- 
terest to the j)syehol()gist . Brofoundly interest ('<1 
as he is in education, and eonviueed of its 
pob'noy, he is yt't ecpially convinced of tho im- 
])ortan ('0 of fi(redlty as av(‘U as environnu'nt or 
education, in mattt'i’s of the mind, lb* rc'ali.M'S 
that human nature is resjionsiblo for most of ll»e 
evil of tlu* woild, and wIk'II he sees the birtli-rate 
low among Hte thoughtful, the line-minded, the 
sensitive, the sympa..t hetie, and high amongst the 
hnital, the improvident, the criminal and tho 
uiiself-conti’olled — ho wondei's what the iip.shot 
of it all will bo. It seems to him that the 


beneficent law of natural selection, under which 
we have progressed thus far, is in danger of being 
set asidi* by society, consciously or unconsciously, 
^leaiiwbili*, he looks with the utmost impatience 
upon bachelor bishops and others who lament 
tlie fall in the birth-rate without for a moment 
inquiring whether quality is not as important as 
quantity — and a millionfold more so. 

The Science of Good Breeding. It 

is this quc.stion of tho quality of our childron — 
and pre-eminently, of course, in relation to the 
intellcetual and emotional characters— that has 
ejigaged the attention of Dr. Francis Galton, the 
lirst studc‘nt of heredity in psychology. The 
scienco or social creed which seeks to establish 
the eneoiiragemeni of tho parentage of the better 
and tho diseouragi*ment of the parentage of the 
worst, this great student calls eugenics — which 
is literally good breeding. 

The present wi‘it(M\ being a engonist, is 
favoureil with Dr. Dalton’s friendship, and has 
repeatedly written in favour of eugenics. Tho 
tirst appearance of this subject in the reviews 
is to b<? found in an article by tho present writer, 

The Essential Factor of Progress,” in the 
‘Ofontbly Review” for April, 1006. Iti.sbis hope 
that, having been ])rivileged here to address such 
a magnilicont aiulience as the Self-Educ.\tor' 
a.ffoi‘(ls upon the scienco of mind, ho may succeed 
in ii\teresting not a few in that great practical 
doctrine to which, as it seems to him, all psy- 
i hologv must necessarily lca.d — tlio doctrine that 
mind i-* still in ovolulion and that it is our duly 
and privik'go to accelt‘rato as best we may this 
gi eatesi of all processes^ Then will our children 
indeed rise uji and call us blessed. 

The scienco of mind and (‘haracter is tho basis 
of all ilie human seienoi*s. The more important 
of these arc soparattdy treated, d’ho reader will 
follow naturally tho rest of tho s ibjects in this 
gi'oup. Immediately following upon this are 
PsYvincAii Reseakcu and Louie, admirably 
eont lusted as ; bowing tho variety of the studies 
to which Psychology leads. Tiiereafter the 
Self-Educator deal i with Sociology — tho 
Bcience of man as mankind — and then with 
PiULOsoriiY and Reugio^^ including the prin- 
cijdoi' of morulity. 
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By H. J. BUTLER 


UlTHERTO we have dealt only with the body. 

^ * Before the vehicle can be applied to the ro»td 
an imder-caiTiagc or gear has to be made and 
fitted. Sleighs have merely runners attached fo 
separate the bottom from the frozen road, while 
.sling vans are an instance w'here the body is 
transferred from one under-caTTiage to another. 

Although there are still plenty of four and 
six-wheeled railway vehicles in the United 
Kingdom, the bogie type will soon be as pre- 
valent here as it is in the United States. Having 
reached the limit of width in our railway rolling 
stock without increasing the loading gauge, it 
is the natural tendency to design long vehicles. 
'J’heso demand special under -carriages capable of • 
negotiating safely and easily the curves of the 
permanent way. 

Bogies. The car truck or bogie may be 
considered as a little wheeled vehicle in itself, 
through the centre of which runs the invot or 
king bolt on which the superimposed body 
turns. The bogie is also designed with the 
view of giving increased riding comfort by tluj 
arrangement of its springs. Bogies may he 
four or six -wheeled. 

Tlie shocks from the rails and points are 
transmitted to the wheels and then to the 
springs immediately supported over, or in 
some types connected with, the journals. These 
springs are attached to the bogie frame, on 
which is mounted a second series of springs. 
By this means the vibration is w'oll absorbed 
before it reaches the central turning pin of 
the bogies, thereby giving a degree of comfort 
impossible wuth the directly hung four and 
six wheeled carriage. The bogie carriage is 
also a larger, and consofjuently heavier, vehicle, 
which moans smoother riding. 

A similar scheme of isolation of the body from 
the inequalities of the road is seen in the C and 
under -spj-ing perch under -carriage of a victoria 
or brougham, and in the mail under-carringe 
of a phaeton or drag. 

Bogio Springs. In rail and tramway work 
both helical and laminated springs are used. 
The helical spring is a spiral or coil spring, 
which in heavv freight car bogies runs up to 
IJ in. coil, tTie internal space inside being 
about 3 in. Laminated springs, or those made 
up of leaves or plates, are elliptic in American 
practices, while here the side or half elliptic 
is mostly used at present in bogies. 

Regarding the distribution of these types, 
generally speaking the car trucks in the States 
take the fimt shock in the helical side springs 
and transmit them to the elliptical bolster 
springs. These bolsid!* springs may be double, 
triple, or any number in side combination up to 
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six. The English practice is to reverse the 
placing of the two varieties, and w'c are familiar 
with the long side body springs seen under our 
bogie coaches. 

The drawback in laminated springs is the 
friction set up between the plates. 'Ibis retards 
their action to an extent. On the other hand, 
the helical variety are often too responsive, and 
mechanisms known as damfeners are adopted 
as reducing agents. 

Bogie Frames. The use of oak and asli 
in the construction of bogie frames has been 
upheld on the argument that this material is 
a l)etter absorbent of vibration than metal. In 
American car trucks these woods are largely used, 
the fact that there is plenty of the timber 
at hand being no doubt a stimulating influence. 
But timber, especially in these large pit^ces, is 
liable to be unseasoned and faulty ; also, steel 
is much cheap<^r than formt^rly, and makes a 
far stronger and more reliable frame. Bogies 
may be of wood strengthened with plates, of 
wood and steel, or of steel only. An English 
typo of the second variety will now bo described. 

An English Bogie Frame. The frame 
work is of mild steel, the sides {solebars) and 
ends (headstocks) both being angulai in stetion. 
In the centre some 1(1 in. apart and parallel 
with the headstocks run the two channel steel 
cross-bearers. This skeleton is strengthened 
with four diagonal pieces of angle steel riveted 
on top, two connecting each crossbearer and 
headstock. 

These cross-bearers perform the important 
function of carrying the ash spring beam and 
the sup(;rimposed helical hoist t*r springs, above 
which is the oak bolster itself, with its 2^ in. 
pin. On this pin the body turns, so we see that 
the cross-bearers perform a vital function. 
Perhaps the term body springs suggests their 
importance better than bolster springs. Both 
the spring beam and bolster arc plated on the 
side. The vertical movement imparted to the 
bolster by the springs underneath naturally 
causes friction between the outside of the 
bolster and the inner surface of the cross -bearers. 
Wearing plates are therefore fitted. The helical 
springs are retained in a proper working position 
by cast-iron blocks bolted above to the bolster 
and bclow^ to the spring beam. Directly to the 
sole bars are swung the side springs, which are 
attached in the centre over the axle boxes. 

It will be noticed that these springs are outside 
the wheels, an opposite practice to the method 
usually adopted in road vehicles. Although 
some London omnibuses were so fitted, their 
building has now been discontinued. 

G 
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Into the channel of the cross -bearers is fitted 
a cast-iron packing block at each end by tho 
Bolcbar, the whole being drilled to take mild 
steel U-K.haped suspension bolts. From these 
bolts swing the fork hangers, which droji close 
to the outer (‘.dgc of the spring biMin. Then 
from the lower end of each pair of hangers arc 
attached tho spring beam castings, which pass 
nnd(?rn(uith the beam and are checked in 2 ***• 
The fork hangers do not hang vertically, but 
are inclined inwards at the top, so minimising 
oscillation. 

The two sets of throe helical springs arc 
arranged in the form of a triangle, the apex of 
which points towards the ii'sidc, om* s])ring 
>Kung I in. shorter than its fellows, a eoiuhina- 
tion whicli pievcmts to a great degree) the 
rolling of tJie vehicle. Soinctinics a helical spring 
is placed inside a larger one to economise room, 
but it has the distinct disadvantage of causing 
a broken spring to remain imnoticed. On the top 
of the bolster we have at each end the cast-iron 
side-bearers for the bod 5 % and in tho centre the 
pivot with its plate, the bolts which fix it being 
carried through to retain a plat(‘ on the under- 
side of the timlx'r. From bj in. at the sides, 
the bolster is strengthened to 8 in. in the centre. 

Apart from all this, piovisioii has to be made 
for carrying the brake, and when the position of 
any members can be (h'signed to take the 
fittings for the brake without the use of spinal 
iron work, the plan is adopted. 

An American Bogie Frame. A Full- 
man six-wheolod passenger car truck is made up 
of two American white oak sides (wheel p?Vcc.v), 
plated with an inside and outside wheel pi(‘ce 
plate. Tho wheel pieces are joined by tho 
end 'pieces j which' wo call head stocks. In the 
eentiv, parallel with the end j)iee(‘s, we have 
two wooden outside trausoms. 

To the top of the spring beams are bolted 
tho centre bearing arch and inverted arch bars. 
These two bars are together at the transoms, 
but one arch bar rises while tho other falls, 
so that at the centre they are capable of em- 
bracing the centre brace block, which carries 
the truck centre plate. 

From the outside and middle transoms fall 
the swing fork li angers, at the lower extremity 
of which is att ached the spring plank. Bet ween 
tho spring plank and the spring bfuiin are the 
four double elliptical bolster springs. 

The side helical springs, or equalising springs, 
are retained in position by the equalising bar, 
wliioh runs from the tops of the axle boxes, 
dipping down between eneb, the springs rest- 
ing in the middle of each dip. The tops of the 
equaliser springs are retained under the wheel 
pieces. 

Difference Between English and 
American Bogies. The chief difference 
l)etw'oen the two trucks is that the four-wheeled 
English one has the bolster springs and body bear- 
ings in the centre bet ween the. w heels, in a mild 
steel frame st . .'ngthened with diagonals, while 
tho six-whcf led Pullman, the bearings being also 
in the centre, has tlu bolster springs between the 
centre and side axles mounted in a wooden 
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plated frame strengthened by longitudinals, 
and the side body bearings are outside the 
frame proper w'hile inside in the British design. 
There are numoroufi other types of bogies or 
trucks, but their system and arrangement have 
the same underlying principles. 

Road Vehicle Under-carriages. The 
bogie of a railway coach has no great amount of 
JocMiig or lateral motion when rounding a curve, 
but a brougluim or victoria is often called upon 
to turn completely round in a st reet of medium 
’width. This morion is provided for in tho 
presence of tho wheel jilate (or American fifth 
wheel). The body has to bo designed to allow' 
of the free passage of the wheel while turning. 
In some Ceases only a partial lock is provided. 

C and Under-spring Perch Suspen- 
sion. The perch undcr-earriage [40] is the better 
and older form of suspension for road vehicles, 
but is now comparatively little used. ,The body 
is bung at tlu' liack and front by four braces, 
passing round (_■ springs, to w'hieb they are 
attached and regulatofl by w'inding jacks. 'Fhese 
springs are fixed to the front, and hind under- 
carriages. 'J’he two under carriages are held 
tog(‘ther by the perch, thus giving more direct 
draught and prevemting the tops of the C springs 
from being puJl(‘d in. Naturally a body hung at 
each coriK^r on a leather strap tends to sw^ay 
uncomforta)>ly whem on a rough road. To 
countenicd this swaying, check braces are 
attached to the body from the belly of the 
porch. Broughams, landaus, victorias, sociables, 
double victorias, lady’s driving phaetons, and 
all carriages used on special occasions, such as 
dress coaches, chaj'iots, and landaus [40] are fitted 
with this suspension. The details of construc- 
tion, as shown in 40, arc* as follow : 

1. Salisbury bout 9. Ohrok brace 

2. liody loop 10 & II, Undor-spring 

2. Close futchcll 12. JMatfonn 

4. Dundi 13. Jack of C spring 

0, Front (.! spring 14. Band of C spring 

6. Hind C spring 15. Shackle of i.) spring 

7. Standard Ki. Scroll of C spring 

8. AVoo(i pcirJi 17. Platform block. 

In a perch under-carriago the front wheels 
in turning can travel only as far a.s the centre of 
the body, less half the thickness of the perch. 
In some coses the perch has been cranked upwards 
to allow of a free passage, but this entails heavier 
material and costlier w’orking, and is rarely seen. 
In the ordinary jan-ch under-carriage a locking 
t.top is in oviderl on the wheel plate to prevent 
the tyi’c from striking tho side of the perch. 

The Perch Under-carriage. The several 
member.s of a perch under-carriage are shown 
in 40. Attached to the top of the wheel 
filate we find tho top bed or transom, the 
middle of which is placed immediately above 
the turning centre, and therefore usually 
receives the perch bolt, called, in America, 
the kimj hoU or centre pm, nie transom is 
usually plated on top, the greatest thicknes.s 
being in the centre, so as to accommodate the 
head of the perch bolt. Also, on tho top of the 
wheel plate and taking the hind bearing, the 
horn bar is found. The transom and horn bar 
receive on their extremities the two front 



TRANSIT 


C springs, to which they are bolted. Flapped 
on the hom bar and taken through the transom 
runs the front of the perch, which is smaller at 
the front than at the back of the wheel plate. 
A pfjdestal makes up the tluoknt^ss in front, 
where it is bolted to the wheel plate. Oftcui 
the perch stops at the transom, and a stay is 
provided from the top of the perch bolt to the 
front of the wheel plate. Between the jx^rch 
and spring bearings two nunters are framed 
through. Immediately under the wheel pjato 
is found, centrally and carrying the lower half 
of the perch bolt, the axle or bottom bed. It is 
usually strengthened underneath with a bottom 
bed plate, thicknossed in a similar manner to the 
transom plate and running up to inder the spring 


carriage beds by being flapped above them. In 
a closer coupled earriago one may often find 
the tw'o hind beds equidistant from the axle ; 
when one of the beds is found immediately over 
the axle it is not unusual to call it the hind 
axle. bed. 

Nunters are also framed through those beds 
08 tlu\y are through the transom and liorn bar 
in tho fore -carriage. The hind C springs are 
similarly fixed, likewise the dumb and under- 
spring. An important piece of iron work, the 
hind cross stay, is provided, running from the 
front of tho hind dumbs to the pi^reh. 

The Mail Underecarriage. Another 
type of perch carriage is tho mail undcr-carriago 
used under four-in-hands, brakes, and 



40. SIDE VIEW OF A DRESS LANDAU 

Showin" iindoi-oarriaj^e, haM‘n;^ a C aii<l uiuler-spriti '4 suspension combined with a wooden perch 


dumbs. Through the axle bed franu'd the 
close futchells. Immediately under the wlicel 
plate, at the pedestal, w'e find tho front felloe 
piece, and at the back the hind felloe piece. 
They are fixed to the futchells below. At tho 
extremities of tho bottom bed, a clip is placed 
over the dub ends and bolted together on to 
the top of the dumb with the bottom bed plate, 
the last mentioned being underneath the dumbs. 

Tho dumbs are solid, imparting no spring 
motion. They serve to connect the ends 
of the under-spring, a shackle being provided 
at the rear to allow of lengthening, under the 
varying load. A stay usually runs from tho 
ends of the futchells to the top of the dumbs, 
and is there bolted. On the futchell, sometimes 
under it in the case of a curved pattern, is fixed 
the splinter bar, to which the horses are attached. 
A split stay is generally provided, running from 
tho end of the splinter bar to tho top of the dumb. 
In heavy dress work, two stays will also be found 
connecting the ends of the transom and hom 
bar. The under-springs are clipped to the axle 
flaps. Thus we complete a brief summary of 
the fore-carriage. 

Following the perch, os it leaves the wheel 
plate, we find it folloiying, to a great extent, 
the bottom comformation of the body. Tho 
perch, when iron, is conpected to tho two hind 


phaetons. The details of construction shown 
in the illustration arc as follow : 


1. futcliell 

2. Outrigger futcholl 
.3. Cress spring 

4. Side spring 

5. Brd(ied axle 
(I. Splinter bar 


7. Woodj>orch (straight) 

8. W ing of porch 
0. Elbow spring 

It). Hind bar 
1 1. Cross spring 


The great difference between this mode of sus- 
pension and tho (/ and under -spring types lies 
in the fact that the body is attached dinjctly 
to the springs. In a drag, these springs, both 
back ami front, are platform springs, a combina- 
tion of two side and tw'o cross springs. Tho 
cross springs are attached to tho body, and the 
aide springs to the cross springs by shackles. 
Tlie latter are clipped to flaps, forged in the solid 
with the bed plate. In addition to the close 
futchells, outside or outrigger futchells are pro- 
vided, which are clipped to the splinter bar in 
front and to the axle bed at the rear. The 
axles are wood-bedded, thus forming a bottom 
bed, while tho axle takes tho place of the plate. 
Tlirough the bed, which rests on a half wheel 
plate, tho perch is framed ; its belly follows tho 
downward sweep of the body rockers and rises 
upwards, aided in its duty of retaining the hind 
carriage by two side perch-wings, all of which 
are framed through the hind bedded axle. The 
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wooden perch Ih always plated, and the wings 
are sometimes plated. In a mail phaeton we 
have a similar fore -carriage, but a straight iK^roh, 
and the hind suspension consista (if an elbow 
and cross spring susjiended on a gallows iron, 
which is flapped on a hind bar beyond the l\ind 
axle, into which the perch and wings are framed. 


Army waggons, timber trolleys, and the like, 
all four-wheel vans arc hung without a perch. 

In underworks of this type one usually flnds 
two elliptic springs in the fore-carriage, and also 
in the hind 8usp(*nsion. The latter part, how- 
ever, is sometimes fitted with two ^ in. elliptic 
springs shackled to a cross spring. Where a 

heavy load 
is suppor- 
ted immo- 
d lately 
over the 
hind axle, 
as in an 
omnibus 
[42] or 
waggon- 
ette, wo 
s"*e the use 
of a sid(^ 
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American Perch Carriages. In a 

mail under-carriage tlie shackles would not be 
capable of performing their function without a 
p(*rch. In Am<*ricaii buggies, liowever, we see 
types of su pension in which, although the con- 
TKH'ting memlx'r is not absolutely ne(‘(‘ssary, its 
presence is most certainly an important factor 
in keeping the front and liind gi^irs rigid and 
parallel, and at the same time the pull of the 
animal is first transmitted to the two axles, 
which is justly eonsiderod an agent in reducing 
the draught. Elliptic springs may he jilaeed 
either longitudinally or transversely. iScveral 
types of side and cross springs arc also mounted 
in various combinations. The grt'at charaetor- 
istic of this class of w'ork is the elimination of 
material to the barest margin of safety. The 
cost of production is small. The style is suited 
to roads that are such in name only, yielding to 
the inequalities of the ground where a stubborn 
and stronger make would break. Besides, if 
it does collapse, a whole vehicle can Ik? supplied 


spring 

justified, sometimes in conjunction with a cross 
spring. Light vans are sometimes hung in the 
same way as private carriages. 

The Elliptic Spring Under-carriage. 
The general arrangemeDt of the members 
in an (‘llijitic spring carnage [43-47] difTi'r 
little from the perch vari(?ty. The front of 
the perch is replaced by the framing piece, 
which, in front of the transom, is termed the 
tongiicing piece. Both the transom and horn 
bar are bolted above to the bottom boot- 
framing. 

in place of the front and hind stay t-o the 
dumbs, we have resjiectively the wheel iron and 
its back stay This, however, is sometimes 
fitted to the ptM’ch carriage. In both types the use 
of one horse demands open futchells, with an 
adjustable splinter bar [43], in case tlie owmer 
should at any time wish to drive a pair. 

The hind carriage consista of the two pump- 
handles, g(?nerally of iron, or sometimes wood- 
cased ; these are attached to the body at one 



under-carriaoe 

part removed to sliow Inml Ku.spensioi) 


42. harden .seat omnibus 

A. Sjilo Viou' B, I'Vout View with 

almost as cheaply as the repair of a heavier 
type of under-carriage. 

The Usual Type of Suspension. No 

doubt the most- familai type to English eyes is 
the under -car iiago without a perch [412-47]. 
Broughams, phnet'^ns, and other four-wheeled 
carriaf^ are hung in this manner in a large 
majority of (sases. Excluding American types, 
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end and the hind springs at the other. A bar — 
a hind carriage-bar when the pump handles are 
placed on it, and a pump-handle bar when 
framed into wood-eased pump-handles — connects 
the two springs transversely, although some 
builders consider the vehicle safe enough with- 
out it. A detailed list of the parts of an elliptic 
spring under-carriage are as follows : 
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43-47. ELLIPTIC flPRINO I^NDER-CARRTAGE 
For ^letaih so€ icvt 


Fig. 43. Front view op a sptjnter rah 

SUITABLE FOR FIXING TO AN OPEN FUTCHELL 
CARRIAGE. 


Fig. 46. Half plan 

OF BOTTOM CAR- 
RIAGE LOOKING 
FROM ABOVE. 

A. Front follor* piooo 
11. Kiitolu'il stuy 
C. Kind polo jsockct 
I). Axlo hod 
K. Kind {('lloo picoo 
Front stny 
Cl. FutolioII blook 
H. Wliool iron 
,1. Haok «tny 
K. Wliool iron hoad 

Fig. 47. Section 

THROUGH THE 
COMPLETE FORE- 
CARRIAGE, EX- 
POSING THE 
P Kite 11 BOLT, 
WHICH IS NOT IN 
SECTION. 

A. Feroli holt 
H. 'Pop hod plato 
C. Top bod 
I). Framing piooo 
K. Tonguing pioco 

F. Sookot transom 

plain 

G. Boss plato 
K. Bottom hod 

J. Hot tom hod plate 

K. Porch bolt nut 

L. Porch bolt koy 

Trade Vehicle 
Under - carriages 

A four-wheeled 
tridesmaii’s vehicle, 
varieties it follows 


A. Front poki socket 

B. Bottom plato to bar 

C. Roller bolt cap 


D. Roller bolt ferrule 

E. Splintor bar socket 

F. Block for insertion 
into futcholl jaw 

Fig. 44. Half plan of the top carriage 

OF AN elliptic SPRING FORK-CARRIAGE 
LOOKING FROM ABOVE. 

A. Compasaeci top bed or 1). Framing piece 

transom K. Hfirn bar 

B. Tonguing piece F-F'. Wheel plate 

C. Footboard stay 

Fig. 45. Side view of an elliptic spring 

FORE-CARRIAGE. 


A. Footboard stay 

B. Tonguing piece 

C. Framing piece 

I). Top bod or transom 

E, Bottom or axle bod 

F. Fut choll stay 
O. Wheel iron 

H. Baok stay to wheel 
iron 

J. Hind pole socket 

K. Futcholl jaw 

L. Front felloe piece 


Al. (]!ircular shaft bar or 
front stuy 

N. Hind felloe piece 

O. Wheel plate 

P. Pedestal 

Q. Flap of the bottom 

bed plate 

R. Spring blook 

S. Spring clip 

T. Horn bar 

U. Wheel iron head 


although, in its lighter 
closely tho practice adopted in private work, 
has many types of suspension special to its 
class. Tluf most common is the squan^- framed 
under -carriage in front, made up longitudinally 
of four guides, with a transverse front and hind 
bar. 

Attached to this frame we have the wooden 
sweep-pieces and bottom holster. To the bot- 
tom framing of the van body are bolted the top 
bolster, and tho front and hind attachments to 
tho wheel- plate, which are of many types. 

Sometimes pedestals arc used. Often a bar 
or shaiK'd Idock does tho duty. Pedestals arc 
also found in the bottom carriage. The wheel 
plate is necessarily of a larger diameter and 
thicker than in private carriages. Under the 
frame is clipped elliptic springs, but far 
more frequently we find on the undcr-sidc the 
flaps of the bridge or globe stuolls from which 
hang the side spring. Likewise, wo find side 
springs predominating in the hind earriage, the 
scrolls in this case being hung from the summers 
specially placed to take them. Under the frame 
over the axle we find another bar, which in heavv 
vans loaded to the front takes the front check 
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spring. A liind bar is similarly fitted to the 
body to take the hind cheek spring when used. 

Two-whee!ed Suspension. Vehicles 
with two wheels have similar means of susjien- 
sion, inboth trade and private w'ork. The greatest 
difficulty is the proper balancing of the body, 
'fhe most common method of hanging is by two 
side springs, with or without a hind crosK-s}>rmg. 
Wc have also two elliptic springs, used in some 
castes under carts of various jiat terns and 
governf'ss (‘ars. digs liav'c s|K‘cial types of 
hanging devoted to tluun, as mentioned under 
the varieties of vi'hiel(*s. Sonu^ two-wheel I'aiis 
are fitted witli a ])ole, the tAvo horses being 
attached to a yoke susjiended in front of them 
from their <’ollars, as in a cape eart. Tn the 
old-fashioiK'd eiirriele th(‘ yoke rests on the 
horses’ hacks. 

Truck Under»cafrriages. Among (rucks 
t he Slingshy's pat (‘lit under-carriage deserves 
mention. It consists of three axles, the 
central one having attached to it two wheels 
in the visual manner, while the hack and front 
axh‘s have each one wheel, Avliieh is free to slidi*, 
and revolve along the axle b(‘tw(‘en the hear 
ings. Also, it is so arranged that the tw'o side 
wlieels ri^st. on the floor with only one of the slid- 
ing wheels, therefore only three wheels touch 
the floor at a time. The suspension of peram- 
bulators and similar small vehiel(*s is sliown in 
48 and 48. 

Under-carriage Beds. Beds or holsters 
are usually straight in van and raihvay work, 
but the carriage maker in the eoaehbuilder’s 
shop often compasses tliem forward in the centre 
to effect a more compact vehicle. A medium 
distance is in. In this way the axle, and 
consequently the wheel centres, are3J in. behind 
the perch holt and turning centres. A bed so 
formed, ow ing to the strains and shocks it has to 
sustain, must under no cireumstanees he made 
of bent timber, as is seen in soiiK^ cheap 
Continental vehicles, hut must he sawn from 
host ash, wdth the grain running as much as 
po.ssihIe in the direction of the pieee in question. 

Boss and Socket Transom Plates. 

ITnder the fraiisora hed is fixed tlie socket, 
transom-plate, while on the top of the axle bod 
is secured the boss plate. The fitting together of 
these two piei*es of ironwork forms a collar that 
W'orks round the perch bolt [47], and in the 
unlikely event of a broken pen-h bolt the 
arrangement adds to the safety of the vehicle. 

Wheels. When jiriniitive man wished to 
move an object along tlie ground lie found that 
tlio tree trunks lying around when placed iinder- 
noatli consid(‘rably reduced the friction and, 
therefore, the amount of energy required for 
removing the article. From the roller the w'hecl 
was evolved, and it is very easy to imagine that 
the first wlieels w^ero simply discs. We associate 
the first w’hoels with the chariots of old. On the 
invention tif tlic wheel the whole trade of the 
building of types of vehicles has spning up, 
and to de: ailed improvement wo owe the 
presence of cycles and motor-cars of all 
descriptions. 
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Wheels in road vehicles transfer the friction 
sot up between the outside of the tyre and the 
road surface to a generally highly lubricated and 
specially hardened axle arm and encasing box. 
It will be seen that the larger the circumference 
of the wheel, the easier it will surmount obstacles 
and the fewer revolutions it will mako in travel- 
ling a given distance, therefore setting up less 
attrition. Likew ise, the .smaller the relative size 
of the a^lo arm, the less the frictional surface. 

However, in most vehicles a large wheel is 
ineonveniimt for many practical reasons, and we 
must not dimin'sh the diameter of the axle arnv 
beyond a certain point in proportion to the 
load, otherwise the safety of the vehicle and its 
contents will be endangered. 

Railway Wheels. In railway work the 
Avhecis run on a metal track, and have, except 
for the breaks between the rail lengths and at 
the points and crossings, no obstacles to sur- 
mount as a road vehicle has. The presence of 
a track 4 ft. 8.J in. Avide has necessitated build- 
ing over the w4ieels, so that wt see the wheel 
diameter reduced in many eases to 33 in. 

Generally, a steel tyro is bolted to a centre 
W'hie.h may be composed of eomjnvssed paper, 
east-iron (either of disc or spoked form), or of 
wood. Various methods of fastonii^g the tyre 
have been inventi'd. Also the Avholo wheel 
may be of chilled casl -iron, which forms a type 
in favour for tramears. 

Wheels of Road Vehicles. The wheels 
of road vehicles consist of an oak stock for 
heavy work, and elm for light work, mortised to 
l eceive the tenons of spokes — in this country of 
oak, and in America of liiekory. The outer ends 
of the spoken are langt'd in pairs into an ash 
felloe, or into a hickory rim bent by steam. 

The whole is proteoted and strengthened by a 
steel or iron tyro shrunk on either by natural 
contraction after heating, or by cold hydraulic 
pressure. 

Stocks. After proper seasoning, during 
Avhieh the centre has already been bored out, 
the sapwmod is removed, and the stock turned 
to the pattern required. After hooping it is 
ready for mortising. The centre of the spoke 
must bo on the centre of the axle box. 

Spokes. The number of machme-made 
spokes greatly exceeds those made by hand. 
Many will affirm that a hand-made spoke is 
stronger. Naturally, a machine w4ll get a spoko 
out of a pieee of timber whether it is fitted for it 
or not, much depending on the forethought and 
capabilities of the man in charge. The hand- 
made spoke is cleft from pieces of oak a little 
larger than the linislu'd size. Placing the sap- 
wood to the front, they are planed up true, and 
the faciC squared, care being taken that the foot 
is in ah exact line with the body of the spoke. 
After the spokes are fitted to the stock, tho wheel 
or speech, as it is called, is now ready to receive 
the felloes. 

Felloes and Tyres. The felloes are fitted 
so that, although meeting on the inside, they are 
open about J in. on the outside. Also, they 
are got out to a shap>e that is a little higher than 
the given diameter of the wheel. Generally, the 
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proportions are 3 ft. ^ J in. for a wheel given as 
3 ft., and so on, allowing about in. for every 
foot of wheel diameter. 

In fitting the spoke into the felloe the tangues 
are split and wedged with a piece of oak, usually 
a spoke cutting. Dowels are also made of the 
same material. The tyre is shut up a little shorter 
than the circumference of the felloes, the actual 
measurement depending 
on the nature of the 
material used, its thick- 
ness, and the type of 
wheel about to be shod. 

Dished Wheels. 

The most casual observer 
will notice that wooden 
wheels are dished — tliat 
is, the distance over the 
top of the wheel is 
grcak^r than a corre- 
sponding measurement 
taken on the road. It 
is said that a wheel so 
formed looks betkir, is 
stronger, but what is 
more important, causes 
the wheel to wear against 
l}\e axle collar rath(;r 
than the outside collet 
or nut, a stafce of affairs 
which is obviously safer. 

The practice of lessening 
the dish of wheels in 
private carriages is to 
be commended, for its 
exaggeration certainly 
detracte from the beauty 
of an otherwise well- 
designed carriage. Artil- 
lery wheels have the 
foot of the spokes cut so 
as to form a perfect arch 
resting round the axle 
box, completely filling 
the space between the latter and the bolts of 
the hub flange. We should include castors with 
wheels, as they arc adapted to many forms of 
trucks. 

Brakes. The first idea of a brake w;is to 
retard the motion of a vehicle w^hen descending 
an incline, and in road conveyances this is its 
chief use. But on the railway the powerful 
typos used are to bring the train to a standstill 
not only at the station platform, but also 
when a signal may bo at danger. Road- vehicle 
brakes are also fitted, so that progress may bo 
chocked as the exigencies of the traffic demand, 
and any case of emergency that may arise from 
pedastrians or otherwise. 

The chief types of brakes used on railways 
are the vacuum and the Westinghouse. It 
must be at once admitted that a certain amount 
of controversy exists as to which is the better. 
Both are described, and tlie reader may judge 
upon which side superior merit lies. 

The Vacuum Brake. In the vacuum 
automatic brake the power is applied by ad- 
mission of air to the / apparatus, while it is 
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released by the creation of a vacuum To quote 
from the company’s handbook, “ The brake can 
be applied by the guard, and is self-acting in the 
case of an accidental parting of the train, or any 
damage happening to the brake itself. It is 
instantaneous in its action, and can be regu- 
late to a nicety for easy stops, or to 
control the train on an incline.” 

The Westing- 
house. The Westing- 
house brake is applied 
by the application of 
compressed air, and 
released by the reducing 
of that pressure, and, as 
in the vacuum brake, ^ 
an accidental fracture 
applies the brake blocks 
to the tyros. 

The difTcrenco be- 
tween the two typos lies 
in the fac^t that the 
vacuum depends on the 
comparative absence of 
air (an absolute vacuum 
being impossible) for 
releasing tlu) brakes, 
while the largely-used 
Amt'rican type? requires 
merely a reduction in 
the air pressure to effect 
the same object. 

Working of the 
Vacuum. In the 

Vacuum brake tho V>rako 
blocks aro connected by 
Ievei\s which are moved 
by a piston working in 
a cylinder. The pres- 
sure is applied by 
admitting air into tho 
bottom of the cylinder 
below the piston, which 
in rising, applies the blocks to the tyres. 

Tho brake is released by exhausting tho air 
below tho piston by tho sdinission of steam 
to a small ejector under tho engine-driver’s 
control. Tho braking power may be destroyed 
more promptly by using a larger ejector, which 
is also fitted in tho engine. These two ejectors 
are known together as tho combination ejector, 
the smaller being placed inside the other. The 
former is worked continuously to maintain 
the vacuum necessary while the train is running. 

Working of Westinghouse Brake. In 
tho Westinghouse brake a double-acting air 
pump is necessary on the engine. It consists of 
a steam cylinder on top, and an air cylinder 
below. By means of valves and pistons tho 
steam pressure drawn from tho locomotive stores 
up compressed air in a main reservoir situated 
under the footplate, which is connected to tho 
air cylinder by a delivery pipe. From the. top 
of the reservoir runs another pipe, to which is 
attached the driver’s brake valve, which is also 
connected with the main brake pipe running tho 
whole length of the train. This pipe is capable 
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of being detached at each end of eacdi carriage 
or car, and control is also pLaced in the guard’s 
van. 

fn the latest types of Westinghouse pumps, 
a steam pressure of 140 lb. will fill tlu^ main 
reservoir of 10 cubic ft. with air compressed to 
0.5 lb. per stpian^ inch in 100 seconds. The 
connections between the carriage's consist of 
flexible rubber hose attached by c*ouplings. 
When not in use a dummy cr)apler may be 
attached to the free end of the hose to exclude 
dust and grit. 

The actual braking apparatus consists of a 
brake cylinder and piston as in the vaeuum 
type, but an auxiliary reservoir supplied with 
air from the main reservoir is also part of each 
vchi(?le equit>nH‘nt. A triple valve admits 
air from tlie auxiliary reservoir to tlie brake 
cylinder when the })ressure in the main or train 
])ipe is rcsduccd by the driver allowing it to escape 
at his brake valve, and when the brake is released 
by increasing the pressure the air eHcap(‘.s from 
the cylinder into the air, and the train pipe 
again tills the auxiliary cylinder. The piston 
rods, tis in the vacuum l)rakc, are connected 
with the brake blocks, and both brakes may 
bo applied gradually or suddenly. 

Relative Use of Brakes. Tht' vaeuum 
brake does more mileage and records fow(T faults 
per mile than the VVest-inghoust* in tlie Tnited 
Kingdom. Jloth Hkj Great Western and London 
and North-Western arc fitted with the vacuum, 
while the London, Brighton, and South Coast and 
the South-Eastern and (-hatham use the other. 
Some railways liave part of their stock fitted 
to take both systems. The Westinghouse is 
an older invention, and finds almost universal 
favour in the land of its birth- the United 
States. 

Road Vehicle Brakes. No doubt the 
first brake application was by tying up tbo wheel : 
after that came the skid under the wheel, and 
from then friction h.as been set up in various forms 
between the tyre and a block. Sometimes the 
rim or hub is utilised for this purpose. 

The Bowden Brake. Among modern 
brakes the Bowden wire principk^ as applied 
to cycles and lately to carriages, is simple, 
neat, and powerful. It consists of an inner 
strand of incxtensible wire, over this being a 
tube of (Oos(‘ly-coiled wire incapable of com- 
pression lengthwise, while outside both is a 
protecting jacket to prevent mud or other 
matter from affecting the tube imuI. The action 
consislsof the pull of one wire and the resistance 
of the other, and the power can be transmitted uj) 


and down any path curved or straight between 
the brake handle and the point of application. 
In a gentleman’s carriage the attachment of 
a wdre cabk3 instead of the usual ugly and cumber- 
some levtTR and connecting rods is a distinct 
factor in enhancing the appearance of the vehicle. 
Likewise, the cyclist finds he has a featherweight 
brake. 

A brake applied to the rear wheels of cycles 
does not interfere with the steering, and when 
applied to the rirn, saves tbo tyro. For many 
reasons a hard steel wheel rim is a better point 
of application than is the surface of a tubular 
indiarubber tyre. 

Band Brakes. The motor is an instance 
where band brakes are largely adopfed. Tliey 
are fitt<*<l to the countershaft and the hind driving 
wheels, in the latter instance being often water- 
('oolcd. Tile power is applied by hand levers 
or foot pedals attached to rods and cables. 
As in cycles, the pnenmatio tyre precludes 
any direct apf)licatian to the tyre. Solid rublx'r 
and iron tyres, howt'ver, allow of the use of spoon 
and block brakes and less strain is thrown on 
the will'd. 

The jipplication of the countershaft brake 
usually takes out tlu^ cluti'li, thus disconnecting 
the engine. Should the brake fail on an incline, 
a sprag is fitted to drop down and check the 
car from running backwards, or a ratchet is 
mad(‘ to engage in a ratchct-Vhocl on the 
countershaft. 

Lever Brakes. The remaining brakes 
are those that depend on the power transmitted 
from a lever. Sometimes we have a single hand 
lever connected direct to the rolling bar which 
a^duates the hraki^ arms, or we may have an 
intermediate connecting rod. The power may 
also be applied by a foot- treadle or by a hand 
wheel. The connecting rod is often swept to 
conform to the shape of the veliicle. A brake 
lever rack is for maintaining the pressure when 
applied. The lever may simply bo pushed 
sideways out of its resting pkxoe in the rock 
teeth, or be released by a trigger, a practice 
favoured in motor engineering. A treadle 
may give a vertical pull or a horizontaLpull or 
push, also a screw brake may work vertically or 
liorizontally. Brake blocks and pans arc of 
many designs. In a perch under-carriage the 
brake work must be fixed to it and not to the 
body. Here the Worger- Bowden b.’ake has a 
decidi'd advantage over the older types. Van 
brakes are usually powerful types of the lever 
brake.s mentioned, Tramcars use magnetic 
brakes as well as other varieties. 
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Samuel Richardson. The “ literature 
of the drawing-room,” Avhioh Lyly began, wan 
liurnaniscd by Samuel Hichaudson (b. 1089 ; 
d. 1701), who may be called the father of the 
domestic novel. As a lad he was the eonlidant 
of the young women in the neighbourhood of 
his hone in Derbyshire, the wliereabouts of 
which, for some obscure reason, lu^ successfully 
concealed. read and wrote their love- 

letters for them, which accounts in some 
measure for liis extraordinary success as a 
WTitcr, chiefly f(jr women, in the later years 
of his life. At the ag(^ of two score and ten, 
when he was a printer in Salisbury ('ourt. 
Fleet Street, and possibly, it- is suggested, after 
he had read Marivaux’s “ Vic* de Marianne.” 
as t»*anslatcd and continiiofl by Mrne. R-iccoboni 
(173G), Richardson —who knew no language 
but English — was induced by two bookseller 
friends to take up the task of writing a book of 
“ Familiar Letters on the Useful Concerns in 
Common Life.” Ho was doubtless engaged in this 
work when he became acquainted with the story 
which inspired his tirst- novel, “ Pamela. ; or 
Virtue Rewarded ” (1740), although the latter 
was puhlished several months before the 
“ Familiar Letters.” ” (Larissa llarlowe ” fol- 
lowed, in 1748 ; and “ Sir Charles Crandison,” 
in 1753. These three works form, as Professor 
Raleigh has remarked, a kind of trilogy, 
dealing respectively with humble, middle-class, 
and high life. Professor Raleigh has a capital 
chapter on Richardson ; but the student should 
not omit to read Mr. Austin Dobson’s mono- 
graph in the “ English Men of Letters ” series. 
One of the most remarkable things in connection 
with Richardson’s work is the deep and abiding 
interest it has aroused in France. 

Richardson’s Characteristics. His 
adoption of the epistolary style was at once 
condemned by Fielding ; but, though Fielding’s 
protest was well grounded, the method h<xd its 
advantages, and is sometimes adopted even now. 
Perhaps the greatest obstacle in the way 'of a 
popular appreciation of Richardson to-day is 
his prolixity ; and another drawback is his 
passion for moralising. Still, as Mr. Dobson 
says, he ” must always find readers with the 
students of literature. He was the pioneer of 
a new movement ; the first certificated prac- 
titioner of sentiment ; the English Columbus 
of the analytical novel of ordinary life. Before 
him, no one had essayed in this field to describe 
the birth and growth of 9 - new impression, to 
show the ebb and flow of emotion in a mind 
distraught, to follow the progress of a passion, 
to dive 80 deeply into the human heart as to 
leave — in Scott’s expressive words — ‘ neither 
head, bay, nor inlet behind him until he had 


i raced its soundings, and laid it down in his 
chart, with all its minute sinuosities, its depths 
and shallows.’ Addi*d to this there was some- 
thing in his nervous, high-strung constitu- 
tion — a feminine streak, as it were — which 
made him an unrivalled anatomist of female 
character.” 

Must We Read Richardson ? To ho 

perfectly frank we find ourselves unable to 
urge Richardson npon tlie general reader. 
The abnormal length of his novels, their sluggish 
moveineiit, their lack of real dramatic action, 
tlu»ir mawkish sentimentality — these are defects 
enough to encourage the dust upon them. Let 
anyone who has not yet attempted to follow 
th(^ adventures of ” Pamela,” one of the least 
attractive fi'inales in the whole realm of fiction, 
or the ” imjrossihle ” story of “ (^larissa Harlowe,” 
or the soirorilicand intorininablo history of ” Sir 
C’harles Grand ison ” — let anyone do so, the 
attempt may at least be made — and none will 
blame him if ho concludes that Richardson is 
not his favourite romancer. For the student of 
eighteenth century lif(\ however, the novels of 
Richardson contain much that is iiivaluabJe, ns 
the little printer could certainly observe and 
portray character as ho saw it. Indeed, the 
fact that ho could have won with these three 
books such immense popularity as ho onjoyod 
in his own day is of itself a valuable index 
to tho mind of his ago. Wo live in brisker times, 
and are happily less sentimental in t-ho^twentieth 
century, (-omparo modern character os a whole 
witli that illustrated by Richardson, and it 
w ill bo found that tlui change is all for tho belter. 
Mr. Andrew Lang could not read ” Rob Roy ” 
until he was forty. The present writer read 
” Pamela ” when he wris nearer fourteen — 
ehiefiy because* his mother prohibited tho book — 
and it would have been no deplorable thing had 
he postponed its reading until after forty, or 
even until four score years ! This touch of 
purely personal opinion at the present point 
is thought do.sirabl(5. since it is unwise to dog- 
matise over Rieliardson, and the taste of each 
reader must decide tho matter for himself. 

Henry Fielding. Richardson’s relations 
to his great contemporaries are thus happily and 
liumorously indieattxl by Mr. Andrew^ Lang : 
” Richardson was a woman’s novelist, as Fielding 
was a man’s. 1 sometiiiK'S think of Dr. John.son’s 
saying, ‘ (3arct for boys, port for men,’ tind 
smiling, ‘ brandy for lioroes.’ So one might 
fancy him saying, ‘ Richardson for women. 
Fielding for men, Smollett for ruffians,’ though 
some of tho latter writer’s rough customers w ere 
heroes, too.” 

Two years after “ Pamela ” was issued there 
appeared ” The History of the Adventurc.s of 
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Joseph Andrews and his Friend Abraham AdamjS, 
Written in Imitation of the Planner of Cervantes, 
Author of ‘ Don Quixote.’ ” In this work Henry 
Fieldino (b. 1707 ; d. 1754), barrister, journalist, 
and playwright, essayed a satire and achievc^d a 
masttTpiece, just as C’ervantes himself had done. 
The Parson Adams of the story takt« rank in 
the pllory of the heroes of English fiction with 
Colasmith’s Dr. Primrose — just as Sophie 
Western sits with the daughter of the Vicar of 
Wakefield. ** Tlic History of Tom Jones, a 
Foundling,” appeared in 1741) ; “Amelia” in 
1751. The “History of the I^ato Mr. Jonathan 
Wild the Croat,” was published among his 

Miscellanies,” in 1743. Thackeray, whoso out- 
look on the world was similar to Pj(4diiig’s, has 
said of him : “ H(^ may have low tastes, but not 
a mean mind ; he admires Avith all his heart good 
and virtuous men, stoops to no flattery, bears 
no rancour, disdains all disloyal art/S, does bis 
public duty uprightly, is fondly loA^cd by his 
family, and dies at his work.” Thackeray’s 
apprciuation is a good antidote to much of the 
depreciatory criticism that has been i)a.sscd upon 
Fielding the man. 

The Place of Fielding. As a literary artist, 
if not as a reader of the human heart, Fiekling 
has a place above Richardson, and Sir Walter 
Scott styled him the “ Father of the English 
Novel.” Hois a humorist, which Richardson 
is not. His knowledge of life is Avidc, his 
sympathies arc catholic, his humour is of the 
rarest vintage, his style is like the vigour of a 
spring morning, and his constructive faculty 
is classical. “ There could,” says Professor 
Raleigh, “ be no better school for a novelist 
than is atfordwl by the study of Fielding’s 
plots.” Those who have read their Gibbon 
will not need to be reminded of the following 
tribute of the historian to the novelist : “ The 
nobility of the Spensers has been illustrated 
and enriched by the trophies of Marlborough, 
but I exhort them to consider the ‘ Fairy 
Queene,’ the most precious jewel in their 
coronet. Our immortal Fielding w'as of the 
younger branch of the Earls of Denbigh, who 
drew their origin from the Counts of Habsburgh, 
the lineal descendants of Eltrico, in the seventh 
century Duke of Alsace. Far different have 
been the fortunes of the English and German 
divisions of the family of Hal)sburgh ; the 
former, the knights and sheriffs of Leicester- 
shire, have slowly risen to the dignity of a 
peerage ; the latter, the Emperors of Germany 
and the Kings of Spain, have threatened the 
liberties of the Old and invaded the treasures 
of the New World. Tlie successors of Charles V. 
may disdain their brethren in England, but 
the romance of ‘ Tom Jones,’ that exquisite 
picture of*huinour and manners, will outlive 
the Palace of the Escurial and the Imperial 
Eagle of Austria.” 

That is eloquent praise and not exaggerated. 
Fielding is securely a classic ; his novels are as 
charged with )ifo to-day as w'hen they first 
won the admiration of his contemporaries. 
Dr. Johnson considei ed “ Tom Jones ” vicious, 
though he was fascinated by “ Amelia ” ; but 
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if the former great novel is too indulgent to the 
frailties ol man, it is an open question whether it 
may not be so and yet remain a work of sounder 
morality — certainly far loss nauseating — than 
RicJiardson’s “ P.amela,” in which 1»ro aro 
BuppoHod to witness “ virtue rewarded,” but a 
brand of “ virtue ” that will not bear analysis. 
Fielding has created a crowded gallery of 
memorable (Jiaracters — the true test of tho 
novelist — and student and general reader alike 
must read him, ihougli neither Avill need com- 
pulsion to the task. 

Sterne. In addition to Fielding, three other 
novelists are included among Thackeray’s repre- 
sentative liumorists of tho eighteenth century. 
In the case of Laurence Sterne (b. 1713 ; d. 
1768), however, a distinction is made with which 
most modern readers will agree. The distinction is 
that Sterne is a groat jester rather Ilian a groat 
humorist. “Ho fatigues mo with his perpetual 
disqui(‘t and his uneasy appeals to my risible 
or sentimental faculties. He is always looking 
in my face, watching his effect, uncertain whether 
I think him an impostor or not ; posture-making, 
coaxing, and imploring me.” The author of 
“ The Life and Opinions of Tristram Shandy, 
Gent.” (1751)- 1767), and “A Sentimental 
Journey through France and Italy” (1765) owed 
much, doubtk^ss, to an acquaintance with tho 
works of Rabelais and (yorvantes and Burton’s 
“ Anatomy of Melancholy” (1621); but, as Mr. 
Birrell hOvS said, “ Sterne is our best example of 
tho plagiarist Avhom none dare make ashamed.** 
Careless, usually, of his grammar, he can on 
occasion find tho “ only word.” Ho is ribald, 
but not salacious. As a sentimentalist, ho may 
be — ^lio is — tedious and tiresome. His morals 
may be bad, but one doubts with Coleridge if 
they can do mucli harm to anyone who was not 
bad enough before. At tho lowest ost-in.ate, 
Sterne is a great master of tho art of telling a 
story in an interesting way 

Smollett. “Tho Hogarth of English 
Letters ” is a phra.se applied to Tobias Smollett 
(b. 1721 ; d. 1771). Like Fielding, Smollett 
commands respect because he was a hard 
worker. He had “ tho very douce ” of a temper, 
maybe ; but he’ sustained many hard, unkindly 
blows of ill-fortune. He wjis a stout and manly- 
hearted Scotsman. Professor Masson includes 
“ The Adventures of Roderick Random ” (1748), 
“The Adventures of Peregrine Pickle ” (1751), and 
“Tho Expedition of Humphrey Clinker” (1771), 
with “Joseph Andrews ” and “ Tom Jpnos,” as 
“ novels as nearly as amusing as any we have ** 
(1859). In them, he says, “ for the first time 
British literature possessed compositions making 
any approach, in breadth, bustle, and variety 
of int<^^est to that form of literature, always 
theoretically possible, and of which other 
countries had already had specimens in ‘ Ddn 
Quixote,* and ‘ Gil Bias * — the comic , prose 
epic of contemporary life.” In the nov^ of 
Fielding and Smollett is represented the kaleido- 
scope of life; whereas Richardson keeps the 
attention more intimate with the feelings of his 
chief characters. One of Smollett’s assets is his 




Scotticism ; and though “ Roderick Random ” 
and “ Peregrine Pickle ” should cease to be read, 
Scotsmen, in the opinion of Professor Masson, 
“ would still have an interest in preserving 
‘ H umphroy Clinker. ’ ’ ’ Like; Fielding and Sterne, 
Smollett was a creator of types ; but his own life 
affords a singular contrast to that led by some of 
liis literary creations. 

Goldsmith. Of Oliver Cold.smtth (b. 1 7*28 ; 
d. 1774) it has been said tliat Viryinihus 
pueriAque might have been his appropriate and 
uncontested motto. His one novel, “ The Vicar 
of Wakefield,” written though it was with a 
moral motive akin to that w^hich induced 
Richardson to write “ Pamela,” is a work that 
stands alone. “ There are a hundred faults in 
the thing,” says the author in his preface ; but 
as it has been wittily observed, a hundred things 
might plausibly be said to prove them beautie.s. 
The “charming prose idyll of dear Irish Goldy ” 
may be described as both highly improbable and 
as intimately true to nature. 

Written in 1761, “ The Vicar of Wakefield ” 
was not published till 1766. Professor Raleigh, 


who cites its admirabk^ comedy as perhaps its 
highest merit, makes a very striking comment in 
his reference to this work : “ The story of its 
discovery by Johnson, as told in Boswell, is 
one of the best known and most characteristii^ 
passages of Goldsmith’s life. 1’he pic’ture of 
Goldsmith, tarresU'd for debt, changing the guinea 
sent him by his friend for a bottle of Madeira, 
helpless and angry, Avhile a completed novel, 
which sold at the lirst offer for sixty pounds, lay 
written in his desk, has often been (*mployed to 
illustrate the improvidence of authors. It might 
be betliT used to illustrate the prudence of an 
author who w’as an improvident man. No one 
ever drew a firmer line betw'^een the w'orks ho 
wrote to la.st and the compilations that his 
necessities t^xtorted from him than w/is consis- 
Umtly drawn throughout his life by Oliver 
Goldsmith. It did not occur to him to expect 
fame from his histories, political or natural. . . 
As little did it occur to him to treat his carefully 
wrought original works as so much merchandise, 
or a sop for the bailiff, and perhaps Johnson’s 
kindly offices prevented ‘ The Vicar of Wakefield 
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from receiving its full wliare of the correction Four Great Women Noveliete. Before 
and polish that Goldsmith bestowed on all his ‘‘.Waverley ” was published, four lady novelist 

best work.” had %vTitten w'orks which attained a higher level 

Minor Novels before “ Waverley.” ns novels than perhaps any named in the above 
Among the other novels which preceded “ Waver- group. 

ley ” (1814) must be named ” The Adventures of Fanny Burney, Madame d’Arblay (b. 
David Simple,” by Sarah Fielujno (b. 1710; 1752; d. 1840), in “Evelina” and “Cocilia,” had 

d. 1708), the sister of the author of “ Tom treated eharacter with all the realism of Ben 

Jones ” ; “ The Female Quixote ” of (hiAii- Jonson without the coarseness of that writer’s 

LorTE Lennox (b. 1720 ; d. 1804) ; “ The His- dramatic “ humours.” To quote Mr. Austin 

tory of Rasselas, Prince of Abyssinia,” which Dobson, “ ‘ Evelina ’ marks a definite deviation 

Johnson wrote in 1751), partly to j)ay for his in the progre^ss of the national fiction. Leaving 

mother’s funeral and partly in answer to the Fielding’s breezy and bustling highway, leaving 

witty libertinism of Voltaire’s ” Candido ” ; the the analytic hothouse of Richardson, it carries 
“ Arundel ” and “ Henry ” of Rkuiaud (’um- the novel of manners into domestic life, and 

BBRLAND (b. 1732; d. 1811), an imitator of prepares tlio way for Miss Edgeworth and the 

Fielding; “ Chrysal ; or, the Adventures of a exquisite parlour pieces of Miss AusUm.” 

Guinea” by Charles Johnstone (b. 1719 ? ; Marta Edoewokth (b. 1767 ; d. 1849), whose 
d. 1800 ?), whose vein was chiefly satirical, and delightful character finds eloquent expression in 
whose quarry waa poliiu^al and domestic vice; “ Castle Raekrent.” Her work applied a needed 

“ The Man of Feeling ” and “ Julia de Ron bigne” corrective to the passion for the weird and 

by Henry MackKxNzie (b. 1745 ; d. 1831), a horribleromanees which Mrs. RadclifTe, “Monk” 
follower of the sentimental metluxls of Sterne ; LoAvis, and others liad made so popular, but 

“ The Castle of Otranto,” a “ (?othic Romance,” which was to bo aroused again in 1817 by the 

by Horace Walpole (b. 1717 ; d. 1797), Avho, “ Frankenstein ” of JNlary Shelley. Miss Edge- 
as Professor Masson says, did something to worth’s Irish tahis inspired the patriotic novels 
remind British readers that “ there had been a of Sir Walter Scott. 

time in the world when men lived in easilos, Jane Austen (b. 1775 ; d. 1817) wrote six 

believed in the devil, and did not take smilT or novels — “ Sense and Sensibility ” (1811), “ Prido 

Avoar powdered Avigs ” ; “The Old English and Prejudice” (1812), “Mansiicld Park” (1814), 
Baron of Clara Reeve (b. 1729; d. 1807), “ Emma ” (1816), “ Northangor Abbey ” (1818), 

whose (Tilde style succtnided Avhero that of and “ Persuasion ” (1818) --all of which, together 
Walpole failtnl ; “ The Romance of the Forest,” Avith Fanny Burney’s “ Evelina ” and “ Cecilia,” 
“ The Mysteries of Udolpho,” and “ The Italian ” are frequently reprinted to-day. Macaulay sug- 
of Ann Radoliffb (b. 1729 ; d. 1807), the gestc^d, Profin.c.or Goldvvin Smith has adopted, 
originator of the mysterious and fascinating and Professor Raleigh looks favourably upon, a 
blackguard in fiction— a truly Protean creation ; comparison betAveen ilane AusUm and Shako- 
“ Hermsprong ; or, the Man os He is Not” by tqH'are. This is derived 2^artly from the abso- 
Robert Bade (b. 1728 ; d. 1801) ; “TJieMouk ” lately impersonal eharacter of her works. Sho 
of Matthew Gregory Lewis (b. 1 773 ; <1. 1819) ; tells us nothing a bout herself, and she is oblivious 
the “ Zeliico,” of Dr. John Moore (b. 1729 ; of the happjmings in the grciut Avorld beyond her 
d. 1802); tUo “Vathek” of William Beck- oAvn circle. Sho is a satirist minus indignation ; 
ford (b. 1759 ; d. 1814) ; the “Caleb Williams” Iuts is the quiet irony of the cultured mind ; her 
and “ Fleetwood ” of William (hAOAViN (b. 1756 ; subtle humour is only audible to the cultured oar. 
d. 1836), one of the first of English Avritors to To study lu^r books is to bo given a Berms of 
utilise the novel for political purposes ; “ A itiAniluable lessons in the art of observation and 
Simple Story ” and “Nature and Art ” by Mr.s. in precision of detail. Miss Austin’s method 
Inchbald (b. 1753 ; d. 1821) ; the “ Old Manor Avas appreciated by Scott. “ The big bow-wow 
House ” of Charlotte S.A11TH (b. 1749 ; d. 1806) ; strain I can do myself, like any now going,” 
“ The Fatal Revenge ” and “ ATelnioth tho said Sir Walter ; “ but the (exquisite touch 
Wanderer,” by Charle.s Robert Matuuin Avhich renders ordinary commonplace things 
(b. 1782 ; d. 1824), Avho possessed an almost and characters interesting from the truth of 
uncanny poAver over tho treatment of tho super- tho description and the sentiment is denied 
natural ; ” Adeline MoAvbray,” by Mrs. (ipiis me.” Miss Austen supplies a faithful picture 
(b. 1769 ; d. 1853); tho “Children of tho of tho English country life of her period. She 
Abbey” of Regina Marta Roche (b. 1764 ?; gives us, as Mr. DaAvson says, “tho sort of 
d. 1845) ; and last, but not least, tlio “ Rosa- details about the liAms of average people 
mund Gray” of Charles Lamb (b. 1775 ; Avhich the historian omits and tho sociologist 
d. 1834). demands.” 

There is scarcely a noAml avo haA^e named Jane Porter (b. 1776 ; d. 1850) wrote two 
that is not worthy of tho attention of the novels that still retain a certain measure of 
student, not ahvays for its own sake but as a popularity, “ Thaddous of Warsaw ” (1803) and 
contribution to English fiction before the dawn “ The Scottish Chiefs ” (1810). Both are emi- 
pf “ Waverley.” The general reader may be left nontly readable ; and they entered a field which 
to acquit himself ivs his fancy leads and so far had been untrodden— the field of historical 
opportunity allows with some of the works romance, the chief glories of which were soon to 
included in ihis Ust. fall to Sir Walter Scott. 

Continued 
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SHAFTS, AXLES, & COUPLINGS 
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Cottars, Shafts, Couplings, Journals. The Forces Acting on 

22 

Shafts : Bending and Twisting. Ths Strength of Railway Axles 

Contlinu'il fimii 
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Rv TOf^RPH W. HORNER 



Cottars. A cottar is a tapcrcnl bar or 
wedge used for connect iiig ends of rods into 
sockets, or as a means of setting 
up bearing brasses, etc., to com- 
pensate for wear. 

Fig. 45 allows a cottared joint 
in a rod, the width of the cottar 
is usually one. and a (piarter 
times the diameter of the rod, 
whilst the thickness is one 
quarter of the diameter ; th(' 
taper of the cottar varies 
from I in 15 to I in 30. Fig. 

46 illustrates a cottar ap])lied 
to a connecting rod end wlieri^ 
it is used for the purpose of 
adjusting the brass. The piece 
h^ttered C« is termed a gib, and 
forms a guide or backing for the 
cottar. When it is necessary to 
make consklerable allowance for 
the setting up of a brass, the 
taper of the cottar may be increased to as 
much as 1 in 0 ; but means must then be pro- 
vidtHl to prevent it from slipping back. Fig. 47 
shows a common device adopted to achieve 
this object. — the head of the gib is extended in 
circulai* form, and is screwed 
and fitted with nuts, the 
hoiul of the cottar having 
a head forged on which is 
drilled to accommodate the 
screw. Further examples 
will be given when tlie 
design of connecting rods is 
discussed. 

Shafts. Shafts are gener- 
ally cylindrical pieces of rolled or 
forged steel, but they are sometimes 
made of square section for special 
purposes. Ordinary shafting is used 
tor simply transmitting power, and 
ic chiefly sub- 
ject to twist- 
ing forces, the 
bending ac- 
tions duo to 
the pull of the . 
driving belts 
being com- 
paratively 
small. Engine 
crank - shafts 

and the shafts <x>ttar for 

of hauling and connecting rod 

hoisting ma- niethwl of preventinj^ slipping 

chinery are subject to combined twisting and 
bonding forces, and must be calculated ac- 
cordingly. The axles of locomotives, railway 
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earrif'iges and trucks, motor-cars, etc., are sub- 
ject to bending forces only (‘xc('pt in the ea.s(* 
of the axle or axles \vlii(*li 
are driven ; they must 
then calculated to withstand 
the twisting effect of the 
power transmitted as well as 
the bending action due to 
the wheel loa<l. 

Taking t he ease of ord inary 
shafting sii])port(d by bear- 
ings about S ft. apart, the 
diameter may be reaflily 
calculated by the following 
rule: Multiply the horse - 
J ])owor to be transmittid by 
55, r^ivide the result by the 
number of revolutions which 
the shaft makt's in a minute, 
and extract the cube root 
of the (luotient. A table is 
given on the next paga of a 
number of shafts already ealcuJated by this j-iile 
and for various speeds. 

The above rule is empirical, and 
is found in practice to give satis- 
factory results w'hen used 
for ordinary lim^ shafting ; 
but in cases where a shaft 
is su bject to 
specially heavy 
belt drives its 
diameter should 
he ealeidated 
from first prin- 
ples — that is to say, the 
nature and the amount of 
the forces acting upon 
the shaft should be c‘s- 
tiraated, and the shaft 
be proportioned to resist 
them. 

Twisting Action. 

The twisting action on a 
shaft is measured in “ inch- 
pounds,” or in “ ifK^h- 
tons,” as may be most 
convenient.. Taking th(^ 
ease of a .shaft driven 
by a pulley, say, 36 in. 
diameter, having a turning 
force at the rim of 350 lb., the “ twist- 
ing moment,” as it is ternuxl, is 
18 X 3.50 — fl,300 inch - pounds ; the 
figures 18 being the radius in inches at 
wdiich the turning force acte. The 
twisting moment on a shaft may also lie easily 
determined from the horse-power transmitted 
and the speed in revolution per minute. Suppose 
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LINE SHAFTING 


Spm'dn ill liovolutioii per Minwto 



h.p. Ii.| 

23*6 27 
31 34 

39 43 

40 52 

50 04 

07 70 

80 90 

94 105 

109 125 

145 107 

189 210 

240 273 

300 342 


CT.AW COUPLINGS 



Hi 12 

13 13J 

U 15 

15i 


FLANGE COUPLINGS 


A H C U j ]•: F 

^ 21 “cj TirT ’ 

4i 3 HI ^ J 

5i 3J <»1 IJ 4 

6i 4i 11 IJ 4? A 

7i 61 12J IJ 61 I 

8 6 14 4 6i I 

^ 6? 15i 1} 7 

n U 17 IJ 73 .V 

lOi 8i 18J 2 88 i 

11 9 20 2i 9 I 


MUFF COUPLINGS. 


H 6 


U 6 



MOMENT OF INERTIA I AND MODULUS 
Z FOR SOLID CIRCLES 



12 L018 


1 for 
Ufiidiiii? 

004909 
0*07803 
0*1198 
0*1755 
0*2485 
0*3431 
0*4004 
0*0007 
0*7854 
1*001 
1*258 
1 *502 
1*917 
2*331 
2*807 
3*354 
3*970 
4*()81 
5*470 
0-3()9 
7*3(‘>(> 
8*470 
9*70 
11*07 
12*57 
1421 
10*01 
17*98 
20*13 
22 40 
24 99 
27*72 
30*08 
37 29 
44*92* 
53*00 
03*02 
74*90 
87*02 
101*9 
117*9 
135*6 
155*3 
177*1 
201*1 
227 4 
256*2 
287*7 
322*1 
359*4 
399*8 
443 6 
490*9 
541*8 
596*7 
655 6 
718*7 
786*3 
868*5 

936*7 1 


Z for 
Boi ding 

) 0*09817 

1 0*1398 

0*1917 
0*2552 
0*3313 
0*4213 
0*5201 
0*0471 
0*7854 
0*9421 
1*118 
1*315 
1*534 
1*770 
2*042 
2*332 

2 051 
2*990 

3 370 

3 774 

4 *209 
4*070 

5 177 
5*712 
0*283 
0*891 
7*530 
8*221 
8*940 
9713 

10 52 

1 1 *37 
1227 
1421 
10 33 
18*00 
21 21 
23*97 
20*90 
30*19 
33*67 
37*41 
41*42 
45*70 
50*27 
55*13 
00*29 
65*77 
71*57 
77*70 
84*17 
90*99 
98*17 

105*7 

113*6 

122*0 

130*7 

139*8 

149*3 

169*3 

169*6 


T for Z for 

Twisting Twisting 


0*09817 
01573 i 
0*2397 
()*3509 
0*4970 
()*0802 
0*9208 
1*213 
1*571 I 
2*002 ! 
2*516 
3*124 
3*835 
4*601 
5*615 
0*707 
7*952 
9*303 
10*95 
12 74 
14 73 
10*95 
19*41 
22 14 ’ 

25*13 
28*42 
3203 
35*97 
40*20 
44 92 
49*98 
55 45 
61 *30 
• 74*58 
89*84 
107*3 
127*2 
149*8 
175*2 
203*8 
235*7 
271 2 
3106 
354*2 
402*1 
454*8 
512*5 
575*5 
644*1 ' 
718*7 
799*6 
887*2 
981*7 
1,084 
1,193 
1,311 
1.437 
1,573 
1,717 
1,871 
2,036 


0*1963 

0*2796 

0*3835 

0*5104 

0*6027 

0*8425 

1*052 

1*294 

1*571 

1*884 

2*236 

2030 

3*008 

3*551 

4*083 

4*064 

5*301 

5*992 

6*740 

7*548 

8- 418 

9- 353 
10-35 
11 42 
12*57 
13*78 
15*07 
10*44 
17*89 
19*43 
21-04 
22*75 
24*54 i 
28-41 
32*07 

37 33 
4241 
47*94 
53*92 
60*39 
67*35 
74-82 
82*84 
91*40 
100*5 
110*3 
120*6 
131*5 
14‘M 
155*4 
168*3 
182*0 
196*3 
211*4 
227*3 
243*9 
261*3 
279*6 
298*6 
318*6 
339*3 













that a shaft is to transmit 20 horse-power at a 
speed of 120 revolutions per minute, the twisting 

20 X 33000 X 12 , 

moment = ..... — „ == 10,504 inch- 

120 X 3- 1416 X 2 
pounds ; 33,000 is the 
mechanical equivalent 
of a horse-power ex- 
pressed in foot- 1 
pounds, and is 
multiplied by 
12 to re- . , 

duce it 




to inch- 
pounds ; 3‘141() 
is the relation 
of the circum- 
ference of a 
circle to its diameter; 
the last divisor, 2, is 


h- 


I 


DRAWINQ 

Bending Actions on Shafts. Tlio 
bending action on a shaft is measured in ilie 
same units as a twisting action — i.c., inch -pounds 
or inch -tons ; hut instead of a tw isting or shearing 
tendency being set up, 
there is a t<*ndeney to 
snap the shaft olT by 
enisbing the tlbres on 
one sulc and tearing 
them apart on the 
o p p o s i t o 
■J] — siftc. A 

-4) typical ex- 


TOTAL itricnrosAvihsiS 7av.9=j rox*i 
rj:R 'yoi'K.\Ar. 


/ 
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49. METHOD OF 
CALCTTLAITON OP 
BENDING AND 
TWISTING FOKC’ES 


necessary because the ‘•twxj 
twisting moment is measured radially. 

The Resistance of a Shaft to 
Twisting. Tn the same way as we may 
define a twisting moment acting on a shaft, so 
wo may formulate a “ moment of resistance ’’ 
of the shaft itself which shall be 
equal and opposite to the twisting 
moment. The moment of resistance 
of a shaft to twisting is found 
by multiplying the “ modulus 
for twisting ’’ by the greatest / 
allowable “ stress ” p(‘r scpiare 
incli ; the modulus for twist- 
ing is a mathematical func- 
tion of the diameter of the 
shaft, and i.s represented 

by the formula ~ x 

i6 1 1 

where d ~ the diameter of 
the shaft. A table of the 
moduli of various diameters 
with “moments of inertia ” 
and “ modulus ” for bend- 
ing is given on the opposite 
page, the use of both of which are dis- 
cussed later. Tlie greatc^st allowable stress 
per square, inch depends upon the material of 
the shaft and upon the factor of safety decided 
upon. A safe stress for steel shafts is 10,000 
to 12,000 lb. per square inch, which allows a 
factor of safety of about 5 or 6 to 1. Selecting 
as an example 
the shaft men 
tinned above, 
where a tw ist- 
ing moment 
of 10,504. 
inch - pounds 
was calcu- 
lated, wc 
divide that figure 
by a safe stress — 
say, 10,000 lb. 
per square inch 

- — 1 *06 modulus, which, upon referring 

lUjUOU 

to the table of modulus for twisting, we find is 
equal to 1} in. diameter. 
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ample occurs in an or- 
dinary railway waggon 
axle [48J, whtTC the 
load on the journal 
is transmitted to the. 
wheel by the axl(‘ ; the 
“ bending moment ” 
is here 4 ton.s x 10 in, — 40 inch -tons. Railw ay 
axles, on account of th(^ heavy .shocks they arc 
frequently subjected to, must have a large 
margin of safety, not less than 9 to 1, equal 
to 3 tons per stpiaro inch for mild steel. 

Dividing the bending moment by this allow- 


able stress w^c get 


40 

3 


13*3 modulus. Now', 



d’ ; the table 



modulus for bending has not 
same value as for twisting, 
is represented by th(i formula 
31416 

■32" 

gives these moduli w^orked 
out for a number of dif- 
ferent diameters. The figure 
we have arrived at, 13-3, 
is equal to, say, 5J in. 
diameter, which, of course, 
is in ih(^ wheel scat. The 
diameter of the axle in the 
journal is •more frequently 
deb'rmined by the pressure per square inch 
ratlicr than by bending stress, but this view 
of shaft design will bo dealt with when wc 
come to journals. It will be noted that, in 
the tabic of moduli, etc., the letter I is given 
for the moment of inertia and the letter Z for 
the modulus ; these letters are the recognised 
standard symbols for the bwms. 

Tt sometimes happens that a shaft is sub- 
jected to a com- 
bination of the 
abov(i fictions 
of bending and 
t w' i s t i n g at 
one and the 
same t i m c ; 
any shaft which 
receives or trans- 
mits pow'cr \)y a 

-- pulley, crank, or 

wheel on an 
60. MIFF 10 ..TPUN 0 overhanging end 

comes under those conditions. An example is 
shown in 49, which represents a spur wheel 
driving the drum shaft of a hauling gear. 
The twisting moment and the bending moment 
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must be so combined in calculation as to 
enable either one or the other modulus to be 
used. A simple and interesting method is 
as follows: From point A, the (ieniro of tho 
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51. SrLlT MUFF COUrLINQ 

1 earing, describe an arc B (.\ bisect the hori- 
zontal lino C J) at K, tJum multiply tho pressure 
or load at B by the distance F A; the result 
gives an equivalent bending moment to the com- 
bined actions, and the modulus for bcuiding may 
be used. Or by calcuhxtion : 

where M is the combined moment, B is the 
bending moment, and T is tho twisting moment. 
This principle may bo followed out for any 
combination of bonding and twisting actions 
which a shaft may have to 
sustain. In some cases shafting 
may be loaded by pulleys or 
gear-wheels in the same manner 
that a beam or girder may bo 
loaded [sec Matkrials and 
Structures, page 1984 to 
page 1987] ; but if the 
above principles be tho- 
roughly gra.sped, the student 
will find no difficulty in dealing 
successfully with such problems. | 

Naturally, in designing ma- i 
chinery, it is a coastant aim 
to keep all pulleys, couplings, 
etc., as close to the bearings 
as possible in order to reduce 
bending moments. Marino en- 
gine shafts are calculated ac.- 
cording to empirical rules 
> issued by tho Board of Trader 
Lloyd's Survey, etc., and 
are dealt with in a later 
article on engine details 
hollow shafting is also 
discussed later. 

Couplings. A shaft seldom 
exceeds 30 ft. in length on 
account of the inconvenience 
of manufacture and the diffi- 
culty of erection or removal at 
site; means are therefore de- 
vised to joint or couple them together in con- 
venient lengths. The simplest form of coupling 
is the muff or box o6\,pling [60], which is simply 
« ca>8t-iron sleeve bored out to fit the shafts and 
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keyed thereon. Two keys are used, and they 
are botb driven from the same end ; the shafts 
butt against each other in the middle of the 
coupling. A table is given on page 3134 of the 
usual proportion of 
muff couplings for 
various sizes of shafts. 
Tho split muff 
coupling is shown 
in 61. It has the 
advantage that it 
is easily fitted or 
removed ; a single 
feather key is 
used, and the 
muff is bored so 
as to grip the shaft 
when bolted together. 

Fig. 52 illustrates 
the most widely used 
form of coupling. It is termed a flange coupling 
and consi.st8 of cast-iron bosses with flanges. 
Tho bosses are keyed to the ends of the shafts 
and tho flanges arc boiled togethci*, a projec- 
tion being foiined on one half couy)ling to fit 
in a corresponding recess formed in the other 
half ; this device ensures the correct alignment 
of the j(»int. A table' is given of dimensions 
of flange couplings. Fig. 53 shows a similar 
coupling, but the outside diameter of tho flanges 
is increased and also widened to protect the 
lx)ltlieads and nuts. By t)ii.s provision accidents 



‘i — 



PULLEY COUPLING 

such as the catching of a workman’s clothes, 
etc., are prevented ; a coupling may also do 
service as a driving pulley when made in this 
latter form. 





DRAWING 


In cases where there must be no risk whatever of 
a breakdown — marine engine work for example — 
the coupling is formed by forging the flanges on 
the ends of the shafts themselves, and so elimi- 
nating keys and castings. 

The universal coupling is | 

indicated in 64, and is 



used to couple shafts which 
are not in line with each 
other ; it is very convenient 
for "connecting shafting which 
drives machinery at varying 
angles, such as dredgers, etc., 
or where a certain flexibility 


i 


T- 
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54. UNIVKRSAT. COUPLING 

is necessary, as in tlie case 
of taking power from wind- 
mills or horse-mills to pumps, 
etc. The example given is 
for a shaft 3 in. in diameter ; the pivot pins are 
half the diameter of the shaft, and the width of 
the jaw is twice the diameter of the shaft. 

Claw Couplings. A cla.ss of coupling which 
is readily uncoupled is illustrated in 65, and a 
table is given on page 3134 of its usual dimen- 
sions ; no bolts are used, but driving ^ 

is effected by means of projecting , 
claws which mutually engage. Such a 
coupling can be easily disengaged by 
drawing the key and pulling the 
claw faces apart; when this 
process is frequently ref|uired it 
is usual to make one half of the 
coupling to slide on a feather 
key and to arrange lever gear to facili- 
tate the withdrawal. This type of 
coupling brings us to a larger group 
known as “friction clutches,” but which 
are virtually couplings that can bo 
engaged and disengaged whilst the shafting is in 
motion. They will be dealt with in a subsequent 


article after w'c have comi)leted the delineation 
of the simpler elements of mechanism. 

Journals. A journal may be described 
as that portion of a shaft or axle wliich receives 
support from a bearing. After a shaft has 
been designed to have sufficient strength to 
transmit the loads imposed 
upon it, it is nec^essary to soo 
that ample art'a is providt'd 
in its journals in order to 
ensure cool and efficient 
running. A journal must 
have sufficient area to dis- 
sipate the heat generated by 
the friction between it and 
its hearings, (ilood hihrica- 
tion is a great factor in the 
•eduction of friction ; w'ithout a lubricant of 
some sort a shaft would rapidly heat whilst 
running, and would soon grif) or seiw^ tlu^ 
b(‘aring. With ])roper lubrication the following 
prc'ssures per square inch of journal area are 
quite safe: Railway axles, 150 to 200 lb.; 
slow speed engines, .500 lb. ; high speed 
engines, 250 lb. ; ordinary shafting, iron 
bearings, 20 lb.; ordinary shafting, brass 
bearings. 40 lb. 

A good rough rule for an 
ordinaiy journal revolving in n 
gun-metal bearing is to make tlH^ 
length 1.^ to IJ times the dia- 
meter,* w^ith east - iron 
hearings the journal length 
may bo 3.\ to 4 times the, 
diameter. The area of a 
journal, or a bearing, is 
calenlat(‘d as the pro- 
jected area — i.e.y diameter mul- 
tiplied by length. 

The pressure between a journal 
and its bearing is not (ionstant 
over the entire area; tin? gre,at- 
est intensity occurs directly 
under the ccntiv^ of llie load, 
and it decreases eireiimferentially to zero at 
the half diameter. This is not considered when 
calculating .the size of a journal in accordancjo 
with the preceding rules. 1’hore is also a similar 
variation in prt^ssure — though to a much less 
extent— in the longitudinal direction ; hut a 
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mean pressure per square inch over the whole 
area is assumed. 

Continued 
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THE ETHERS AND THEIR USES 

22 

Ethers and Other Organic Compounds. The Nature and Value of the 

OIHJANfC «'IIK.MT«Tny 

roiillinird from 

Ethers, Esters, and Mercaptans and Amines. The Various Kinds of Alcohols 


By Dr. C W. SALEEBY 


pURK aootit! acid is sometimes spoktai of as a 
^ eolourl(‘Ss licpiid, and sometimes as a colour- 
less solid, since beloAV 17^ C. it is solid, and is ilien 
called qlacM acetic arid. It readily mixes with 
water, ether, and alcohol, and is us«‘ful as a sol- 
vent. The acid luas a numher of uses, both in 
nu'dicine and in n\anufactiir<'s. fn eonst'qiience 
of its aflinity for water, j^lacial acetic acid has a 
marked caustic action uj3on the skin. It is some- 
times employed also for the dostruetimi of small 
warts and corns. Weak .solutions of acetic acid 
t)r pleasantly scenU'd vin(‘gar are agretnvble 
applications to the skin, which thijy tend to cool 
ns well as to free from the unpleasant defects 
of excessive perspiration. It is stated in a well- 
known woi k of rehu'cnce that acetic acid “ i.s 
used in medicim* to relieve nervous headache's and 
fainting tits,” but this statemerd has really no 
relation to medicine of the present day, in which 
it is certainly not so employed. The acid has 
considerable uses in relation to calico printing, 
and is (*mployed in the preparation of its salts, 
the acetates, which arc of considerable importance 
in eommerc<\ 

The Ethers. If the r(‘ader will contem- 
plate the little table to which wo have already 
referred, and will company the first and secoml 
columns, he will be ai)l(‘ to nunind himself of 
wliat we have already stated, that from one 
point of view the paraflius may be looked upon 
as analogous to im^tals. and the alcohols as none 
other than the hydrates of those metals, one 
of the hydrogen atoms having been r(‘plaeed by 
the hydroxyl group OH. Now, if this manner 
of looking at those* compounds be justified and 
not dependent ni(*rely upon a superlieial resem- 
blanecN we ought to be able to carry the com- 
parison a little further. If the paratlins are 
so imudi like medals as to form hydrates, they 
ought also to form oxides. If the hydrate is 
really a hydrate, it ought to be possible to remove 
from it the constituents of wat^ir and to leave the 
oxide behind. Now, this is possible. 'Fhe term 
ether is a gcmu'ic name used in organic clHunistry 
for such oxides, and wo might have inserted in 
our table [page .*M)‘20] a fifth column, showing the 
relationship of the ethers to the other four. 
What, then, will be the formula of the ether 
derived from methane ? Plainly, in order 
to remove the constituents of waUd from methyl 
alcohol, tho group CH., being regarded as a 
unit which must not bo broken, w'C must take 
two molecules and abstract H.^0 from them. 
This will gi\e us a body having the formula 
vCir;{).jO. Simihirly, in order to form tho ether 
or oxide from ethyl alcohol, one has to take two 
molecules and subtil ot the constituents of water 
from them ; the body thus resulting must 
have the formula (C 2 H 5 ).jO. These simple 
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examples correspond to bodies whicli really exist. 
If now we try to state the matter in more ab8tra<ji 
t(irms, we may say that, if we use the symbol 
R to represent a one-handed or monovalent 
bydrocarbun radical (such as tho methyl radical 
(■H..), then tho structure of an ether is ropre- 
senied by tho formula ROU. An ether having 
such a constitution is technically called a simple 
ether. In the case of methyl ether, which is a 
simple ether, ROR is plainly equivalent to 
(TI;jOOII;.. On the other hand, we need not 
necessarily have the same hydrocarbon radical 
rojiealed in the structure of the cither. 'I'he 
one might be the methyl radical, and the second 
the ethyl radical. The b(^st general way of 
expressing tlu* construction of such ^^-n ether 
would be ROR]. An (‘ther which contains 
two radicals in this fashion is conveni(*ntIy 
distinguished as a mixed ether. 

Chemistry and the Simplicity of 
Nature* It must surely have struck the reader 
that there is a remarkable simplicity underlying 
tho apparent complexity of our subject. It is 
true that we are using long and complicated 
fonnuIrT, Avliich would have alarmed us very 
much, and very naturally, liad we been intro- 
du(!ed to them a fi*w months ago. But, on the 
other luiud, these formula* undergo transforma- 
tions in a very intelligible way, and, so far, 
possess relatieos with one another which can 
seareely ho forgotten. Indeed, this character 
of the organic ce>inpoiinds is sometimes almost 
eonspieuously to be contrasted with the appar- 
ently arbitrary and capricious facts which wo 
liave often encountered in our study of inorganic 
eliemistry. Here we are dealing, not with 
tho theory of knowledge, but with a certain 
j)art of the subject matter of knowledge ; yet, 
since all knowledge is one, we may be excused, 
even hero, for pointing out the significance of 
the simple and reasonable relationships which 
rule the complexities that we are now studying. 
It may be doubted whether there is any study 
in the world which teaches us more clearly 
than organic chemistry, first of all, that, apparent* 
or real complexities notwithstanding, the capri- 
cious and the arbitrary have no real existence, 
and, secondly, the truth of the great dogma of 
philosophy, that Nature in intelligible by marCs 
intcllufenre. This is a simple statement and 
niay sound like a jingle, but, if it bo true, it 
is one of the greatest of all truths, and if it 
were false it would be one of tlio greatest of 
all falsehoods. 

A-lkyls. Perhaps the most convenient fashion 
in which to prepare the ethers is by the action of 
the iodide of methyl, ethyl, etc. — these radicals 
being ranked under the generic name alkyls — 
on tho sodium compound of an alcohol. Thus^ 
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for iustantsc, when the iodide of methyl acts upon 
the *sodium compound of methyl alcohol (the 
formula of which is simply that of methyl 
alcohol with the sodium atom in place of the 
hydrogen atom of the hydroxyl group) sodium 
iodide and methyl other are produced. This 
statement really takes much longer to wTite 
or read than to understand. The reader should 
write the equation representing this decomposi- 
tion for himself, and he will see how simple it is. 
Plainly, the methyl group of th(^ iodide changt'.s 
places with the sodium atom, and the thing is 
tlone. There are several other general reactions 
by which ethers may be prepared. Methyl 
ether, the formula of which we have already 
given, may be readily prepared from methyl 
alcohol, and is a gas above the temperature of 
-2F C. If we start with a mixture of methyl 
and ethyl alcohols, wo naturally enough obtain 
a mixed ether, which is called by the very ex- 
planatoiy name, * methyl- ethyl ether, and with 
the formula of which the reader need not b(5 
insulted. This body boils at 11° C. 

Characters of Ethers. In a moment we 
shall discuss the most important of the ethers ; 
meanwhile, wo note that, in general, these bodies 
are very mobile, colourless liquids, usually 
having a characteristic odour, while the higher 
others are white crystalline solids. 'Phe mobility 
of any of the lower ethers is striking, and the 
different characters of different liquids in this 
respect cannot be illustrated to the student of 
physics better than by three bottles containing 
respectively ether, water, and oil. The ethers 
are either insoluble or only very sligblly soluble 
in water. Jn general the (dbers are e-apabkj 
of oxidation and then form organic acids. 
'J’hey are, of course, combustible. One say.s 
‘‘of course,” since it is u8.sumed that tlie 
rtNvdcr will argue deductively from his knowledge 
of the constitution of the ethers. Put in actual 
practice people sometimes forget, and the 
most lamentable accidents have followed upon 
(5arclessness in the use of ordinary ether in surgery 
and elsewhere. It looks more or less like waiter 
and causes forgetfulness of its proper tuw. 
('riie reader knows, of course, why water cannot 
burn.) If the ethers be heated with waltir in 
sealed tubes, an action which might have been 
expected occurs, recombination taking place 
and the alcohols being formed. 

Sulphuric Ether. We have pla,ccd at 
the head of this paragraph the common name 
of what is by far the most important of all 
the ethers. It is commonly known as elher, 
and it is as such that wc shall refer to it here. 
There is no proper warrant whatever for the 
name sulphuric ether, which gives one, at first, 
an entirely erroneous conception of its structure, 
and which is applied to it merely because 
sulphuric acid is employed in its manufacture. 
Its proper chemical name is ethyl ether, and its 
formula has already been stated. The process 
of its manufacture is typical of what is called 
etherifi^Mtion. This term is usually applied 
to the commercial manufacture of other from 
alcohol and sulphuric acid. The reactions are 
very interesting. The firfefc change which occurs 


— under the conditions about to be stated — 
is an interaction between the alcohol and the 
sulphuric acid, with the formation of water and 
the body which has the formula 
This is sometimes known as ethyl^ milphuric 
acid, or may bo called a hydrogen alkyl sulphate. 
When this body is further distilled with alcohol, 
sulphuric acid is formed again and ether distils 
over. The reader sliould write out for himself 
the equations repres('nt ing these two actions, 
lie will lliid them extremely simple, only one 
molecule being required in each term. 1 1, will 
be found in the case of the lirst equation that tlu^ 
reaction causes the isolation of one moleculcj 
of water. If tluj reader does not follow our 
advice to write out the equations for himself, 
our policy of not stating them in full will have 
been rendered useless. 

Process of Etherification. The fol- 
lowing account of the actual fashion in which 
the contimious process of ethoriticaiion is per- 
formed we quote from Sir Win. Ramsay : 

“ In actual operations a mixture of alcohol and 
sulphuric acid is heated to MO ch'grees in a 
capacious flask, and a slow stream of alcohol is 
run in ; ether mixed with water anil alcohol distil 
over continuously ; bonce this process is termed 
tlie continuous ^herificMion process. A limited 
quantity of sulphuric aiud should theoretically 
convert an unlimited amount of alcohol into 
ether ; but, in practice, some of the sulphuric 
acid is reduced to sulphur dioxide, which distils 
over with the ether. To remove iU the ether is 
shaken with caustic soda solution, and to remove 
alcohol it is shaken many times with water. 
The surface layer of ether is then removed, 
dried by adding lumps of fused calcium chloride 
and leaving it to stand, and is finally redistilled 
from phosphorous pent oxide.” 

The ether thus formed has the characters 
belonging to its series. It boils at about 115° C., 
and the vapour which it gives off at this quite 
low temperature is (*xtremely inflammable, 
like the liquid itself. Not infrequently people 
remember that the liquid is iriHaiumahle, hut 
forget the dangiT which attaches to i<^ vapour. 
Ether is very slightly soluble in water, but readily 
mixes with alcohol and chloroform. A mixtun; 
of these three substances is kiiow'n as A.C.E. 
mixture, and is very frequently used as an 
amesthetie in surgery. Ether is one of the 
most important of solvents, and notably so for 
fats. This gives it another value for the surgeon, 
who often uses it in order to remove from the 
skin its natural fat, in which bacteria multiply 
so abundantly. Ether also dissolves resins, 
and is much used for this purpose in chemistry and 
in pharmacy. Owing to its extremely rapid 
evaporation at riilatively low temperatures, eth(3r 
affords a very effective means for the production 
of extremely low temperatures. The reader will 
recall the application of this property of evapora- 
tion in a physical instrument. 

The Practical Use of Ether. But, after 
all, the most important and interesting of all 
the uses to which ether is put is as an anaesthetic. 
A long time ago wo had occasion to refer to 
nitrous oxide, N 20 » which may fairly be called 
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the oUloBt anspstheiic — at any rate it has the 
first plaee in the modern history of anaesthesia. 
It was first inhaled by Sir Humphry Davy in 
the year 1800, and he suggested its employment 
in surgeiy : “As nitrous oxide in its extensive 
operation seems eapaV)le of destroying physieal 
pain, it may probably be used with advantage 
in surgical operations in which no great etTusion 
of blood takes place.” Thus the great elnmiist 
did his duty in calling the surg<?ons’ attention 
to the matter ; but they paid no attention to 
tile suggestion. Eighteen years later another 
illustrious chemist and physiiiist, Earaday, 
proved that ether, like nitrous oxide, produces 
anaesthesia. 

The “ Chemistry of Consciousness.” 

Even then, liowover, sneh is conservatism 
at its worst, surgc'ons made no rt.sponst^. It 
was nob until 1840 that Morton, a dentist 
at Boston, successfully administered ether for 
the extraction of teclh and for other opera- 
tions. Two or three months later, Sir James 
vSimpson made the first employment of ether 
in eases of childbirth, and followed this up 
after a very short time by the discovery of 
the anoisthetio value of chloroform. In the case 
of nitrous oxide we made a j)oint of showing 
that a chemical explanation can be afforded of 
its anopsthetio ])roj)ert ies, and also of the very 
great safety wliieh attends its use. Jb must 
positively ho insisted tliat, beyond all (piestiou, 
a chemical explanation must also he exfiectecl 
to jMX'Ount for the arrest of consciousness by 
the inhalation of ether into the blood. But in 
this case wo are as yet quite at a loss to otT<‘r 
this explanation. It is scarcely surprising if 
weromemher that the chemistry of conseiousno'^s 
is yet entirely unknown ; indeed, so far as tin; 
pre.sent writer knows, this is the first occasion 
on which the pJiraso luus been employed. 

An interesting example of the use of ether in dis- 
' solving the most intractable of substances maybe 
found ill the preparation which is called colU^dion. 

( 'Ot ton-wool is subjected to the action of sulphuric 
and nitric acid, producing the subst ance known as 
pifroxylin. ^Phis is dis.solvtxl in a mixture of ether 
and alcohol, and is then knowm as collodion. A 
large number of other substances may’ be in- 
cluded for special purposi's. When this is painteil 
upon the skin the ether rapidly evaporates, the 
pyroxylin being precipitatc;d in the form of a 
thin protective film, wdiieh has many useful 
functions. 

Ethereal Salts. Wo may actually go yet a 
little further in our discussion of the analogy be- 
twetai the paraffins and meta I.s. We have said that 
an alcohol is a hydroxide or hydrate, and that 
an other is the corresponding oxide. If, then, we 
have ethyl hydrate and ethyl oxide, why should 
wo not have, for instance, ethyl nitrate ; in 
other words, if the analogy be more than super- 
ficial. the ethers should act like erther oxides and 
form salts, and, in fact, they do so. Tliesc salts 
mj.y l)e calltvl ethereal salts, or they may be 
called coni found ethers — a term which intro- 
duces confusion wiiu “ mixed ethers ” — or they 
may be called esters. This term is now widely 
employed. An ester, then, is a salt in which 
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the base is derived from a paraffin. The terra 
is best confined to the ethereal salts of organic 
acids. 

The salts formed by interaction botw’een 
ethers or alcohols and inorganic acids may be 
briefly dismissed. Reference has already boon 
mad(i to the lialides of methyl and ethyl. 
Similarly, many other organic acids have formed 
corresponding salts. The nitrates, sulphates, 
])hoBphates, etc., of various alkyls, or alkyl 
nulicals are wm' 11 -known, llio common manner 
of their fonnation is by the action of the acid on 
the alcohol. One of the most familiar substances 
is ethyl nitrate, w'hieh is often known as nitric 
ether. Another, which is of considerable value in 
medicine, is the nitrate of ethyl, which is a highly 
inflammable, mobile liquiil with a very pleasant, 
fruity odour and taste. Its charaeteri.Hiic inter- 
actions w'ith the body, however, are those of a 
nitrite — in other words, they depend upon the 
acid rather than the basic pitrt of its constitu- 
tion. The familiar drug known as sweet 
spirits of nitre, owes all its value to ethyl 
nitrite, of which it contains about two per 
cent., together with a large n\imbcr of im- 
purities. Prtiperly, svv(‘et spirits of nitre 
should he abolished from the Pharmacopofia, 
and its place taken by the pure solution of 
ethyl nitrite. 

()f the esters, properly so-eallcd, little more 
need be said. IVrhaps the best known is ethyl 
acetate, the formula of which is that of aoctio 
acid, already (quoted, the ethyl radical being 
substituted for the final H of that formula. 
'Phis body is often known as acetic ether, and has 
a very pleasant odour. This last character is 
common to most of the esters, which are therefor© 
very often employed in sw'eetmcats, and upon 
which depends the characteristic fragrance and 
task', of many fruits and wines. 

The Mercaptans and their Products. 
Yet furthci’ may wc carry our proof of the 
rational character of organic chemistry. Long 
ago we saw that sulphur and oxygen, widely 
though tliey differ in their physical characters, 
yet have a definite chemical resemblance to one 
another, and may be treated as a pair of allied 
elements The simplest possible illustration of 
this is to be found in (he resemblance between 
the formulcTB of water and of sulphuretted 
hydrogen, H.^O and H.^S. Now, in accordance 
with the truth that there are not two chemistries 
Imt one chemistry, the same holds good in the 
ease of organic compounds. It ought to be 
I)ossible to form compounds analogous to 
the alcohols, but having sulphur in place of 
their oxygen atom. This is indeed so. The 
various members of the series of mercaptans 
are colourkss liquids, almost insoluble in water, 
and haying an extremely objectionable smell, 
such as is so often associated with the compounds 
of sulphur. The second mercaptan, to take an 
instance, is known as ethyl hydros^ph^e, and 
has the formula C.^H^SH. This shows at a 
glance its relation to ordinary alcohol. The 
peculiar name applied to these bodies is derived 
from a phrase expressing their aptitude to act 
upon mercury, or rather upon mercuric oxide. 
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They form a series of compounds, in which an 
atom of mercury takes the place of the hydrogen 
of the SH group. 

It might reasonably be expected that the 
various alkyls would form sulphides analogous 
to the oxides or ethers which we have already 
studied, and this is so. If an S be substituted 
for the O of the formula of ether, wo have the 
formula of ethyl sulphide, which, as might 
be expected, is characterised by its horrible 
smell. 

If the hydrosulphides of the alkyls — the 
mercaptans — bo oxidised, they yield a series of 
acids which are known as the nidphonic acids. 
A study of certain of these proves that there arc 
rcMilly two distinct varieties of what we have 
hitherto referred to under the single name of 
sulphurous acid. 

The Two Kinds of Nitrous Acid. 

As to this, we need not go any further, since the 
case is the same with nitrous acid, as we are 
about to show. If we take tho iodide of an 
alkyl — as, for instance, ethyl iodide — and heat 
it in the company of nitrite of silver, wo get a 
double decomposition which results in the forma- 
tion of iodide of silver and what, from the 
appearance of its formula, ought to be ethyl 
nitrite. And, indeed, it is entitU'd to the name 
of ethyl nitrite, biit it is by no means tho same 
siibstaneo as that w'liieh w'e liavo already 
d(‘scrib(id under this name. The equation repre- 
senting its formation reveals no distinction. It 
runs, of course, thus : 

C.,H J I AgNO, - C.JI.NO, + Agl. 

But, as a matter of fact, thci ethyl nitrite thus 
formed has a boiling point of 112'^ 0., whereas 
that already described has a boiling point of 
C. Plainly, they are the same but 
dilTcrent,” and we shall soon see that this same- 
ness wuth a difference is an illustration of 
isotnerism. The two bodies are called isomers 
because they have “ equal parts.” Tim shortest 
statement of the formula expresses this ; the 
molecule of each consists of the same numbers 
of the same atoms. If, then, two substances have 
“ equal parts,” hut are not the same, there is 
only one explanation of the difference — it is that 
the parts are differently put together. We can 
only conclude, then, that the NO.^ group is not 
the same in the two cases. Tho question is to 
find out where the difference lies. 

ReRctiofis of the Two Substances. 
We can do this by comparing the reactions of the 
two substances. Ordinary ethyl nitrite, under 
the influence of caustic potash, yields potassium 
nitrite and ethyl alcohol. This new ethyl 
nitrite, however, acts differently, the potassium 
atom of the caustic potash changing places with 
one of the hydrogen atoms of the nitrites so as 
to yield water and a new body, the formula of 
which the reader can write for himself. Further- 
more, if this new ethyl nitrite be subjected to 
the action of nascent hydrogen, it forms a new 
substance, which we shaH shortly study, called 
ethykmine ; in this respect, also, it acts differ- 
ently from ordinary ethyl nitrite. We must 
therefore no longer call this body ethyl nitrite, 
but must give it a new name, nitro- ethane ; and 


wo must find in the differences between it and 
true ethyl nitrite materials which lead us to 
conclude that there are really two nitrous acids ; 
the formula of one may be written MONO, and 
of the other HNO.^. 

Tho preceding paragraph has an importance 
greater than that of tho particular statements 
which it contains. It teaches us to understand 
the dangers of brevity, or, to bo more explicit, 
the dangers of statements so summary that 
they cloak important distinctions. Tho formula 
IINO.j is thus too summary to bo accepted with- 
out criticism. We have to recognise that it may 
stand for either of two molecules which are, 
indeed, isomeric, or have equal parts, but which 
are not identical any more than the state of 
affairs when the cards are dealt at whist is 
always identical because the same fifty-two cards 
are present in every case, or any more than vile 
and veil are the samc^ word bceauso tht'y arc 
composed of the saiiKi letters. 

The Amines. We hav(! seen that one of 
the arguments for tho true character of nitro- 
ethane is derived from its behaviour with nascent 
hydrogen. The substance produced, clhylamine, 
has the formula Collr, — Nll.^.and may be taken 
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as typical. It may be looked at in two ways, as 
the formula indicates. On the one hand, we 
may say that it is no other than a substituted 
ammonia — that is to say, it is simply ammonia 
which has had one of its liydrogen atoms ex- 
changed for the ethyl group. This is a fair way 
of looking at it, and is justified by tho fact that 
ethylamine and ammonia closely resemhle one 
another. For instance, just like ammonia, ethyl- 
amine unites with hydriodic acid, forming 
ethyl ammonium iodide. The formula of this 
body is NH.-J. That has a formid- 

able appearance, but it was certainly not worth 
writing down for the student who ha.s carefully 
followed each stage in tho preceding argument. 
Just as ainmotiiiim chloride yields ammonia 
when acted upon by caustic soda, so ethyl 
ammonium iodide yields ethylamine under a 
similar influence. Further complexities, which 
are not difficult to understand, are yielded if we 
adopt means for doubling the number of ethyl 
groups. For instance, if we heat ethylamine 
and ethyl iodide we obtain a compound which, 
when treated with caustic potash, gives us diethvl- 
aminc. The first ethylamine we should really 
have called monethylamine. Wo can go on much 
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further in this direction, producing the hydri- 
odide of tricthylamine, ana may go even further 
still. The accompanying graphic formulae, in the 
first three of which nitrogen is three-handed and 
in the fourth five-handed, show us the relation 
of these various substan<’cs to amuioriia. Th(‘ 
last body of which the formula is drawn has the 
apparently formidable name that is, 

four ethyl — ammonium iodide. 

On the other hand, we may with equal pro- 
priety look upon the amines as substituted 
ethane. It is ju.st as correct to look upon 
cthylamine as ethane, of which one hydrogen 
atom has been replaced by NN.^, as it is to call 
it ammonia, of wHiich one hydrogen atom has 
been replaced by Many amines are 

known to occur in nature, and many more 
have been pre])ared. They all smell very lik(^ 
ammonia. 

The ** Reasonableness ” of Organic 
Chemistry. Lastly, we may note that our 
old statements as to the nitrogem group find 
support even in this field. If those statem<‘nts 
were valid, we might expect to find a group 
of for instance, phosphines and arsines, corre- 
sponding to the amines ; and this is so. 

So rea.sonahN^ is organic (‘hcmir.try, so intelli- 
gil)l(^ by man’s intelligence, that it is constantly 
yielding (he most remarkable confirmations of 
d priori reasoning. Tiim^ and again the chemist 
says “ there ought to be such and such a com- 
pound ; it ought to have such and such charac- 
ters ; it ought to be (capable of preparation in 
such and such a way.” And when he sets to 
work he finds his predictions verified. 

Even yet wo have not adequately discussed 
the many products of the paraffins, and the 
main facts of a f(‘w more of these must be con- 
sidered. 

Some New Alcohols. We have already 
discussed a whole series of alcohols in general, 
and tlie most important member of that serii^s 
in particular. We liave seen that these alcohols 
may be regarded as analogous to hydrates or 
hydroxides. We have now to learn that this 
series of alcohols is not the only one. 'Pliere 
are also two other seri<*s which must be named, 
though tliey are not of so great importance. 
Tile series to which ordinary alcohol belongs 
are more properly to bi) called the primary 
alcohols. Tlicre are also secojidary alcohols and 
tertiary alcohols, according as two or tlirats 
instead of one, hydrogen atoms are replaced by 
alkyls. 7’hose have very similar properties, 
and also form intelligible series. One of the 
means of obtaining priimuy alcohols consists, 
os wc arc already in a position to understand, of 
the addition of hydrogen to aldehydes, which are 
dehydrogenised alcohols. We have now to 
learn that just as the aldehydes correspond to 
the primary alcohols^ so there correspond to the 
secondary alcohols anotJier series of bodies which 
are nearly related to the aldehydes, and are 


called ketones. All these alcohols — ^primary, 
secondary, and tertiary — we must note, are 
really no more than three groups of one 
particular class of alcohols whicrh arc called 
monohydric. 

Dihydric Alcohols. In the mono- 
hydric alcohols only one atom of hydrogen of 
the original paraffins has been replaced by the 
liydroxyl group — OH. This is why they are 
called monohydric y or on© hydric. Now, there is 
no d priori reason why it should not bo possible 
to replace a second of the hydrogen atoms by 
liydroxyl. All the hydrogen atoms of methane, 
for iristaneo, are identical in their relations 
within the atom. "J’here is no reason why any 
one of them, rather than any other, should bo 
replaceahle by hydroxyl. The dihydric alcohols, 
then, are those Avhich contain a second hydroxyl 
group. There arc two kinds of these dihydric 
alcohols, as might be expected if we looked at 
the graphic formula of a parafliri. We should then 
see that a dihydru; alcohol might be formed, in 
which one and the same carbon atom had belli 
hydroxyl groups attached to it, while, on the 
other hand, the hydroxyl groups might be at- 
taefied to diiferent carbon atoms. Tlie first group 
are called aldehydrob\ and the second arc called 
ylycols. One or two exampk^s of these bodies 
may be noted. 

Chloral. Everyone, unfortunately, has 
beard of this powerful hypnotic, the use of 
which is atf('ndcd will) so many dangers of 
forming an incurable and fatal habit. The full 
name of chloral is trkhloraldehyde. When this 
body unites with w’ater it forms an aldehydrol, 
which is indeed the best known member of 
the series. (Tt is really the chlorine compound 
of the aldehydrol.) This aldehydrol, formed by 
the union of chloral and water, has the alterna- 
tive name of chloral hydrate. In medicine and in 
common speech it is usually known merely as 
chloraly but that, of course, is incorrect ; the 
substance is not chloral oj* tricliloraldehyde, 
but is that body plus water. In other words, 
it is an aldehydrol. 

This, tlu^n, is the second substance, the reader 
may havt^ noted, whieli contains chlorine, and 
which has a ]X5Culiar action upon the nervous 
system— chloroform, of course, being the other. 
Now', it is a remarkablo fa(;t that many others 
may bo added to these tw o. For instance, methyl 
chloride, ethyl chloride, and several allied sub- 
.st.anees containing clilorine ^|,citlier anaesthetics 
(general or local) or hypnotics, or combine 
both actions. This is a series of fact-s which 
obviously points to some larger meaning that 
will doubtless be familiar to the chemist of the 
future. We might venture to lay down the 
generalisation that the chlorine derivatives of 
the paraffins tend to interfere with the activities 
of nervous tissue. But the chemical explanation 
of this fact is not yet forthcoming. 
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Arches in Masonry. In maKonry 
walls, openings, where they occur, are, unlesH 
covered with a flat stone head or lintel, spanned 
by some form of arch. The shape that it takes 
varies with the stylo of architecture employed ; 
but any form of arch that (wm bo constructed 
in brick may bo equally well constructed in 
stone. It is not usual, as already pointed out, 
to form a flat arch in stonework, though thi.s 
may be done if necessary with stones joggled 
together, as in the case of terra cotta [page 2780]. 
In certain styles of architectural treatment, 
however, an opening covered by a square 
or very slightly cambered head may have this 
formed of several stones ; but where this is done 
it is usually for the sake of special architectural 
effect and not as a constructive necessity, a 
bold effect being produced by using a larger 
keystone and on each side of it voussoirs not 
uniform in height but graduated so as to bo 
reduced as the springer is approached [162, 
page 30119]. 

Lintels. In most positions where a flat 
soffit is required, a single stone may be employed 
for all openings of ordinary width ; but it is 
not dosii'able to use stones of very great length 
in comparison with their height, whether used 
to cover an opening or in the body of a wail, 
owing to the risk of fracture in ease of any 
settlement ; it is generally considered that in 
stone of a weak character the length should 
not exceed four times its depth, and in the 
case of a strong stone the length should not 
exceed six times its depth when used as a lintel, 
and where built into a wall the proportion is*' 
sometimes restricted to three times the length 
owing to the difficulty of securing the oven 
bedding of long stones with thin mortar joints. 

It may sometimes happen, in the case of a 
square-headed opening or of an architrave 
block supported by a row of columns, that 
stones cannot be obtained of sufficient length 
to roach between the supports, and where such 
a support is enric]g|l with a band of horizontal 
mouldings it is frot desirable to cut the fac’e 
into the form of a voussoir as the joint would 
then cut all the 
mouldings at an 
angle and produce 
in one of the stones 
a fecUher edge — that 
is to say, an angle 
less than a right 165 /fCKTjOGGUt JOflT 

angle ; in such a 

case the stone may be worked with a vertical 
joint on the face and have behind it a very 
large voussoir -ohaped joggle formed [163], 
which fits into a corresponding sinking in the 
adjoining stone and forms, in fact, a ffat arch. 



though it does not show as such externally. 
When this (construction is used it must ho 
recollected that a lateral tlii ust is exerted and 
a strong abutment is essential. 

Voussoirs. In arches of stone the blocks 
of which it is composed are f(‘wcr and larger 
than in iho (uiso of a brick arch. Tlu^y are all 
dressed for tluur position and may, therefore, 
be given the shape of a voussoir quite as easily 
a.s that of a parallel-sided block ; and this is 
invariably done, the two sid(^s of the voussoir 
representing two lines radiating from tho 
centre from which tho arch is struck, and a 
fine mortar joint is employed. 

Strength of Arches. 'Fho load on tho 
blocks forming an arched structure increases 
towards tho springing of the arch, and in theory 
the strength of thi^ arch should he gradually 
increased from tlu^ crown towards the springing 
by increasing Ibe depth of the voussoirs. 

Rankine gives tlie following formula for 
calculating the dciptli of the voussoirs. Depth 
of the crown or key s tone 

- *^/0‘12 X radius of arch at crown 

in the case of a single arch, and in the case 
of a series forming an arcade 

- v/O l? X radius of arch at crown. 

This applies to masonry of tho highest ( lass, and 
for masonry of second quality tlio depth jus 
thus calculated should be increased by ono- 
ciglith and for brickwork and for masonry of 
poor quality by ono-fourth. Whore tlio depth 
of voussoirs is incTeased towards the springing 
tho amount of the in(T(‘aso varies from one- 
fourth to one- half, but for arcings of moderate 
span, including all those used in ordinary building 
construction, this is not usual, and would 
not be suitable in tlio case of work moulded 
on tho face except whtue tlu^ moulding was 
confined to the lower edge. 

The following table gives tho usual sizes of 
stones used in constructing semicircular arches 
for spans up to 24 ft. of a good class of masonry . 

* 8pan up to 6 ft. . . 9 in. 

„ „ 10 „ .. 11 „ 

„ „ Ifi .. 14 „ 

„ 18 .. .. 15 „ 

24., .. IS „ 

♦ “.N’olfii on UnildiiiK CoriHlruotion ’’--Uivinuton.s. 

SKewbacKs. In the case of all stone 
arches, except those which spring from a hori- 
zontal bed at tho level of the centre or centres 
from which tho arch is struck, a skcwback must 
be provided, as in the case of brick arches under 
similar circumstances ; but it is usual in most 
stono arches to give a much greater rise than is 
tho COSO w'ith the ordinary brick arch. In any 
form of rubble wall tho sktjwback is cut in a 
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single springer or springing block, corresponding 
with the depth of the arch to be used ; this is 
built into the wall and forms part of the dressings 
of the opcTiings, and it is not usual to form the 
skewback in the rougli walling as is done in 
brickwork. 

Size of Voussoirs. Tho voussoirs are 
not nt5ccHsarily all of the same width in facic, 
and in (lothic work vary considerably ; but for 
many stylos of architecture it is necessary that 
they should be uniform, cspcn-ially if tho joint-FJ 
aro strongly markc'd. In some forms of arch 
tho voAisRoir has not a curved extrados, but 



is s( t out so as to present a vertical and hori- 
zontal bed, and to bond with the courses of 
which the wall is built [164). 

In many eases the voussoir extends through 
the whole thieknc.ss of the arcli from tlu^ face 
to tho back of (lie arch, and this is usual in all 
buildings of a elassicai or Ilonaissance character. 

In arches belonging to the (lotliic periods, in 
whicih the moulded surface is much deeper, a 
section taken through the arch displays not a 
single stone; but two or more constxmtive rings 
or orders of stone, each containing a group 
of mouldings, and these rings are, except 
in the case of the innermost one, made up 
frequently of two or more stones in their thick- 
ness 1.165J. In eases wluu’e the opening is tilled in 
with tra(!ery, the thickness of the stones forming 
this corresponds 
usually with the 
thickness of tJie 
innermost or dor of 
the arch, and tlu; 

Uacory itself is 
built up of separate 
blocks of storm, 
some of which are |6J opptP> Of A comic 4Pcm 
simple, and others 

complicated, but so arranged and jointed as to 
form portions of tho main or subordinate arches. 
The joints in each ease are formed, as in the case 
of a simple voussoir, by a lino dra^\^l from tho 
centre from which the curve is struck. 



Keystones. In many forms of arch, tho 
keystone is given considerable prominence and 
importance, and is frequently deeper than the 
other stones of tho arch [162, page 3039]. It may 
stand forward beyond the general face or bo 
carvv^d, or othi rwise enriched ; this is in no way 
essential to it** struc . iral use, but, being a stone 
of special importance, it is selected as a fitting 
object for some special notice and enricliment. 
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In the case of arches that are pointed in form, 
as used throughout the Gothic periods, tho apex, 
as a rule, is not formed With a keystone, but 
with a vertical joint. The arch is not formed 
of a single simple curve, completed by tlie key- 
stone, but of {portions of two curves which are 
not complete, and give each other mutual 
support through their abutting one against the 
other at the apex. In tho same way a single 
half arch may be made to abut against tho 
vertical face of a wall requiring support, as in 
tho case of a buttress [168 E]. 

Vaults in Masonry. Vaulting in masonry 
has three main divisions — the plain or barrel 
mult,, the plain groined vault, and ribbed 
miilting, each of which has various sub- 
divisions. The simplest form, that of the barrel, 
which may bo semicircular, pointed or elliptical 
in section, is in fact an arch with a very wide 
soffit, and. like an arch, is constructed on a 
temporary oeritro (page ‘2386], but insU^nd of 
being forrnetl of single voussoirs it is built of 
courses of stone, each of which is, in cross 
section, of voussoir shape, and the crown of tho 
arcli is fonm^d, not by a single keystone, but 
by a course of stones forming a key. 

Intersecting Va,ults. If such a con- 
tinuous vault be intersected by one or more 
vaults which run at right angles to the main 
one, wo have introduced at once an element that 
in some way adds to the difficulty of construc- 
tion. This is nol' tho platre to consider the 
geometrical forms produced by such inter- 
section, but they will be dealt with elsewhere, 
and it will suffice to point out here that if tho 
two intersecting vaults arc precisely similar in 
cross section, and sf)r‘ing from the same level, 
their intersection will produce on plan a lino 
lying in a single plane, but that if there bo any 
difference in tlu* size or form of the tw'o inter- 
secting vaults, the line of intersection will be 
not a straight lino on plan, but a sinuous one. 
Any such vault is termed a groined vault. 

The mason will have to determine the exact 
form this line of intersection will take, and to 
prepare a scries of moulds for those blocks 
which form the angle between tlu.* two adjoining 
vaults and w^hich will usually vary for every 
se})aratc stone. 

This is particularly complicated when tho 
intersecting arches are noti dentical in section, 
and it affects the sizes of the stone courses in the 
two separate vaults jsee Drawing for Masons J. 
The actual working of Ukj stones when their 
true form has been set out presents no special 
difficulty, and except at the angle, the stones 
in suceessivi* coursers will be similar to the stones 
in a plain barrel vault. The centres for fixing 
must be prepared specially to the required form 
of the groin to be employed [pages 2385-6J. In 
construction, considerable care is required in 
forming the groins to see that tlie individual stones 
are properly bedded, that tliey bond with the 
courses in both vaults, and tliat tho joints are 
well formed, as much of the strength of the vault 
depends upon these groins. As a rule, where a 
groined vault is used, there is no moulding of 
any kind at the angle, but occasionally a 
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moulding of slight projection occurs which stands 
below the general surface of the stone and must 
of course be kept of uniform width. This is 
worked on the stone that forms ilic angle. Not- 
withstanding the introduction of ribbed vaults 
during the period of Gothic art, groined vaults 
continue to i)e employed for work having certain 
architectural characteristics, bu< cannot be 
applied with the same facility to cover areas 
that are irregular in plan. 

Ribbed Vaults. TJie ribl)ed vault was int ro- 
diiccd during the early development of (iotbi(^ 
architecture and is structurally a great improve- 
ment upon the groined vault 1168 Fj. Vaulting 
ribs in the simpler form of vaults (*onsist of stone 
ai‘ches,of which the lower edge may be moulded 
and the back may be cut to the form of a skew- 
back or rebate to receive tl)e stones of each sur- 
face of vaulting lying between two ribs. As in 
the ease of other pointed arches, each half may 
be considered by itst'lf, and, if the whole system 
provides pro])er abutment, it is not essential that 
the various ribs forming a vault sHould be exactly 
opposite to each other. In vaulting a space, the 
plan of wliich is irregular, every rib may differ 
in ^w^tual form, and yet all 1 k> arranged to extend 
to the <irown of. the vcAilt, where it is usual 
to provide a large central stone against which 
every rib abuts and which is held in position 
by their united thrusts. 

Use of Stone Bosses. When several ribs 
abut against such a stone, to avoi<l the com]>li- 
eated intersection of mouldings that would re- 
sult it, is usu.il to, project the under surface 
downward below' the k^vel of tlie ril)s and to en- 
rich it with carved foliage or figures or botli, 
ejid to allow the ribs to stop against (be edge. 
Such a stone is generally termed a boss, and 
is in cft'cet a central abutment common to all 
the ribs [168 (*]. 

The Vaulting Rib. Each of the indivi- 
dual ribs is, as a rule, a segment of a circle, and 
the lower end rises from the support fiorn which 
it springs; in most cases tlic centre from 
which the curve of the rib is struck is on the 
level of the springing, the upper end abutting 
against the boss. I’he line of every main rib 
lies in a true plane between the springing and 
the boss or apex. The rib or is formed of a 
series of stones formed of voussoirs, but wlien 
several ribs spring from the same column, a.s 
oc(uirs in many vaults, there is often not room 
on the capital for the whole depth of each rib 
to start separately and distinct from each other, 
especially where they are deep and richly moulded ; 
in this case some of the mouldings in each rib are 
allowed to die out, the most prominent mould- 
ings only in the low'er edge being allowed to nm 
down to the capital [168 G]. The working of these 
lower blocks is a matter requiring mucdi skill, as 
it is difficult to prepare bed moulds showing 
the moulded ribs as they die away, except at the 
level of the upper and lower beds of eacli stone. 

Tlie preparation of these moulds is complicated 
by the fact that the beds of the stones for a cer- 
tain height above tlie springing are not worked 
on radial lines, but ate horizontal beds, so that 
the .section of the mouldings is not a true section. 


The height to which these horizontal beds are 
carried above the capital is not uniform, but 
depends on (he circumstances of each ease. 

They usually ex(end to such a heighl- as will 
admit of each rib iK’Coming completely disen- 
piged from its neighbour. Until this occurs iU 
is almost impossible to provide radiating joints 
for several ribs of dilTerent curvature, when they 
have all to be w'orked in a single block of stom\ 
These massive blocks above the capit.il form 
an abutment' to receive the thrust of th<" ribs 
and vault above, and, in planning the vault, 
it is essential tliat thrusts on these lower stones 
from different quarters should practically conn- 
terbalpjiee (»aeh otb(‘r, for if this be not so, the 
stones would b(^ displaced by any exe<>issiv<' 
thrust from one direction. 

Resisting the Thrust of a Vault. 
It is of equal importance to provide an effective 
resistance to the whole thrust of ii vault com- 
pos«‘d of a series of ribs with thoiilling inbetwe(‘n 
them, pikI which, if erected against a w'all or ])ior 
at a point high above its base, would tend to 
thrust it outwards or overturn it. This thrust 
may be eoimt(n*;ieted l)y the introdiudion of 
metal ties holding together the two piers in which 
the arch rests, so that they cannot spivjid [ 168 F| ; 
this, though structurally efficient, is unsightly, 
and in tb(‘ ti nest monuments of the mason's art 
is never employed. 

Failing such a tie, tlie thrust exerted high up in 
the well must be carried dow'U to the level of tlie 
ground by a suitably designed mass of masonry 
know n as a f)uttre>ss 1 168 D and E |. Such a buttr(‘ss 
will serve to counteract the tendency existed 
by the vault to overturn the w'all, (‘itiier as tlm 
n'sult of the total weight of a great mass of 
material employed oi’ of the skilful disposition 
of a smaller mass. For further pa-rtieulars as to 
the stability of arches and vaults, see M.\TKRrAi.s 
AND Sthuctitrks 2700]. It should be 

point € h 1 out that the necessity of providing those 
mas.sive abutments affords tlu^ mason a magnifi- 
cent opportunity of oxliibiting the extent to 
W’liieh his art is (‘ajiabb^ of rendering beautiful 
and effective structures which in their origin 
are puridy utilitarian; this may be seen by tlie 
examination of any good examples of a vault (?d 
building, in wliicli the buttress invariably forms 
an important element in the external design. 

Constructing the Vault. The actual 
construct ion of a ribbed vault is a feat of con- 
siderably less difficulty than the construction of 
a groined vault of the same dimensions. Th(‘ 
ribs may bo first erected as sim})le moulded 
arcings on ordinary c(‘ntres, and may be cPAiiiMl 
up for some littlt* distn,nee without any centring ; 
the groundwork of the vault is tlius formed, and 
the general tilling in of the colls between every 
pair of ribs can be carried out with comparatively 
slight centring. 'Hie ri bs are, as already explained , 
pnivided with skewbacks or rebates to receive 
the filling, the surface of which may be adjusted 
where required to fill exactly the spaces formed 
by the ribs [168 G] ; these surfaces in some cases 
exhibit a very considerable twist. 

The filling is, where possible, of a light material, 
as no very great strength is required, and the 
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upper surface or back is' always protected from 
the weallier by fin external covering, usually a 
roof above the level of the crown of the vault. In 
somt^ old examples of considerable span the 
filling is not more than in. thick, and 6 in. is 
a V(;ry usual thickness, Wliere several ribs rise 
from a single pier in different directions, a kind 
of pocket ia formed between the main wall and 
the thin shell formed by the ribs and their filling 
in. This must be filled in st)lidly with concv(*to 
to a level that varies sonu^wlnit in di(ferc‘nt (!as<‘s 
but need not exceed, as a rule, a point on the 
rib about one-third of tlie dist<ince from the 
springing to the crown. The objV^ct of this 
filling is to {)revent any tendency of the arch or 
vault to fail at the haunch by buckling or Ixmd- 
ing when the vault is completed and the full load 
comes upon it. 

In some of the later Gothic vaults the ribs are 
very numerous, and when 1)»oy are burned close 
together, the filling in betweun adjactmt ribs 
may consist of a single stone extending from rib 
to rib for a considerable proportion of the total 
height. 

False Ribs. In the elaborate vaults over 
small spaces such as occur in chantries, canopies 
over tombs, and in similar positions, the distinc- 
tion b(*tween the rib and the p{in(4 is lost sight 
of, and the vaulting rib becomes merely a surface 
enrichmemt without any structunil importance, 
the vault being formed of large stones carved 
on the under side into the representation of a 
ribbed and panelled vault [168 B]. 

Stone Pendant Vaults, Occasionally, 
where pendants arc employed in vaulting, stone- 
work is submitted to a direct lensi](‘ strain. A 
well-known example is the roof of Henry VIT.’s 
t^hapel at West mins t/cr Abbey, in which a con- 
siderable proportion of the vault depends for its 
support on long stone pendants ; the upper 
ends of tliese are built 
Into the main tninsverse 
areh of the vault, the 
bottom of the stone 
lujing sevc^ral feet below 
the soflit of the arch, 
and forming a base? from 
which several vaulting 
libs are sprung. This 
exiled lent is not very 
frequently adopted, but 
if «»fd. oare must. t)e PtnOAni 

taken to see that such 

stones are perfectly free from any flaws or 
defects [166J. 

Domes. I)ome,fl are vaults, circular on plan, 
end may bo constructed like a jilain barrel vault, 
without any break in tho surface, and a perfect 
liemispliere may thus be formed. 'J'he oldest 
existing dome on a large scale is probably the 
structure at Myeenaj, in Greece, 48 ft. 6 in. in 
diameter, and not semicircular, but pointed in 
sec+ion. The cnnstniction of this, however, differs 
from that of most domes in tliat the successive 
ooui^ are not fonued with radiating beds, as 
in a voussoir, but with nearly or quite horizontal 
ones. 
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In ordinary dome construction every ousels 
formed of a ring of stones of uniform height, of 
which the heading joints all radiate on plan from 
tile centre from which the dome is struck. If a 
section be taken through the dome at any point, 
the successive courses will appear exactly as in 
tho cose of an arch with radiating joints, forming 
in effect voussoirs, and each coui’so forms, as it 
were, when completed, a circular voussoir formed 
of a ring of stones. The 
bfiek of each course may 
be worked to give a stone 
of uniform thickness, or if 
the exterior is to have a 
separate roof covering tlie 
j-j top may be formed hori- 

-L-I zontally, and the back 

167 MCtlonOfADOnt vertically, as is done in 
some forms of arch [167 J. 
Where the section of the dome is that of a 
semicircle or a segment of a circlip tho courses, 
if equal in height, may be worked from the sami? 
.section moulds T but slumld tho section of tho 
dome bo that of an ellipse, separate moulds must 
Ih^ providctl for each course, and. in any oas(% the 
face moulds must be varied, owing to tho reduc- 
tion in diameter of every sueresyive course. 

Heading Joints. As a rule, in a masonry 
dome tlie heading joinis in alternate courses are 
required to be in the same vertii^al plane, to 
secure regularity in the appearance of the surface 
work, just as ’in the finest ashlar work all heading 
joints in alternate courses are vertically one 
alxive another ; but as this would result in tho 
use of very narrow stones in the innermost rings, 
it is usual to reduce the number of stones and 
joints in these rings, but thosi^ joints that are 
used correspond with joints in tho lower courses. 

Construction of Domes. In construct- 
ing domes tho stones of successive courses 
have the heading joints joggled together, and 
the lower oourses at least have dowels in the 
beds of tho stones. A centre is necessary 
during construction, which must be circular 
on plan, corresponding wuth tho form of the 
dome. 

Such a dome exerts a thrust, which is not 
like tho thrust of a groined vault concentrated 
at certain well defined points, but exerts an 
outw’ard pressure tliroiighout the circumference, 
and must be effectively resisted if the structure 
is to be stable. 

Various methods for resisting this thrust 
have been adopted, and the joggling of tho 
stones and tho do welling of tho suecosaivo courses 
greatly helps towards this end. One method, 
adopted in tho dome of St. Paufs Cathedral 
as an auxiliary method is to build in at the base 
of tho dome a strong iron chain passing entirely 
around the circumference ; another , similar 
method is to bed a broad but shallow circular 
iron plate at the base of tho dome; but both of 
those are open. to the objection that,- should 
moisture penetrate to tho ironwork and corrosioi^ 
take place, the tie may be a source of danger 
rather than^a benefit. 

A heavy mass of masonry boldly projecting 
intomally within the case of the dome has been 





168. DOMES, BUTTRESSES, AND VAULTS IN SOME IMPORTANT BUILDINOS 
FaMiheon, Rome (<3oncret«) B. Chapel, C'anterhiiry Cathedral C. Chapel of the FaHMioii, S. Pietro in Montorio, Rome 
D. Westmiiieter Ahhey E. Lincoln Cathedral, Chapter House F. Santa Maria Novella, Florence, Cloister 0. J ristol 
Cathedral, Elder Lacly Chapel (Photographs of D and O I»y S. B. Bolas and Co., 68, Oxford Street, W.) 
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succosftfully omployed, the weight of the over- in working it, bo that it may bo visible as a 
hanging mass being utilised to counteract the completely moulded panel from below. The 
natural thrust of the dome ; this method amount of this correction necessarily varies in 
permits of the complete external form of the the different panels, being greatest in the lower 
dome being seen. The base of the dome is ones, the position of which is nearly vortical, and 
in some examples greatly thickened, securing a comparatively less in the upper pamds, which, 
considerable mass of masonry near the springing, as they l)eeomo approximately horizontal in 
but this conceals the (ixternal form. In some position, will need no great adjustment, 
cases the base upon which the dome rests is Methods of Supporting a Dome, 
sociured by half domes or arches at a lower A dome must of necessity spring from a circular 
level, which effectively buttress it. And masses base, but in many positions it is impossible to 
of masonry similar in effect to Gothic buttresses carry down such a base to the ground level, and 
but differing in form are also employed. at this stage isolated piers are provided to 

Double Domes. For St. Paul’s Cathedral, support the superstructure. These piers may 
London, the masonry dome visible in the build- be four^x, eight, or even more in number, but 
ing is surmounted by another dome at a higher the use of six or of more thim eight is rare. If 
level, which in this particular instancie is of arches are thrown from pier to pier carrying 
timber covered with lead, the object being to walls a base, square, octagonal, or polygonal, is 
produce a lino external as well as intemal formed, and it is necessary to convert the form 
effect, which is rarely possible with a dome of thus an-ived at into a circle. In the case of an 
uniform thickness ; this system has been em- octagon, the difference between a circular 
ployed with variations in several other domes ligiiro and an octagon eiroumseribed round it 
constructed lately. is nowhere very great, and the eirelo may be 

Ribbed Domes. . The internal face of arrived at by corbelling or a gradual change 
the dome is not ncces.sarily a plain circular of the surface. Where a square base, however, 
vault as already described, but may have ribs supports a circular one, the difference between 
formed in its under surface extending upwards the two on the diagonal is considerable. One 
•from the springing and dividing the interior method of dealing with the angle is to throw a 
into compartments. Those do not extend, series of arches across it, each ring corbelled 
as a rule, to 1-he centre of the dome, where they out beyond the one below, till an octagon is 
would b(H5ome too jiarrow to be effective, but formed, from which the circle is arrived at. 
are stopped by a moulded band at a point Pendentives. A usual method is to 
s.ome distance below the crown of the dome, employ the form known as a pendentive. ; this 
'rhis treatment may, m particular, be usefully takes ‘the form of a spherical triangle, and 
employed where it is desired to form a central occupies the approximately triangular spandrel 
opening near the croum of the dome to admit formed between two arches placed at right 
light by means of a lantern light, the ring of angles on plan and the quadrant of a horizontal 
stones whu^i form the opening being of extra circle which just touches their crowns [168 G]. 
depth and serving to stop the moulded ribi. Such a peudentivo is, in fact, asruall segment 

Coffered Domes. Another method of of a nmidi larger dome, of which the diameter 
enriching the inner face ib by the use of sunk is equal to the diagonal of the square base, and 
])a.nels or coffers, either between such moulded . ■which is struck from the level of the top of tho 
ribs ns have just been described, or a.s the piers from which the arches spring. This dome 
^olo decoration; they form a series of com- is cut into by tho planes represented by the 
liartmonts surrounding the dome, of which tho inner faces of tho four main arclies, and tho 
upper and lower edges are horizontal and tho upper i)art of it is cut off by the plane reprosent- 
ides converge some-w^hat owing to tho form ing the springing level of tho dome ; tho four 
of the dome, OvS a result of which also the width portions remaining are the pendentives, each 
of the coffers in each succeeding row becomes having tho general form of a triangle standing 
diminished, and tho height must be correspond- apparently on its apex, but having a solid 

ingly reduced. It is also necessary to bear in bearing on the pier and at higher levels on the 

mind in working such coffers that the moulded backs of tho great arches. 

sides are not ail equally displayed, as in tho The four pendentives together fill np tho 
case of a coffer sunk in a flat soffit, but that angles, and provide a complete circular base 
while tho sides and upper part of the panel are on which the dome itself may rest, and its weight 
fully seen from below, the lower edge of the panel is carried by tho four main arches by means of 
will cut off from view tho inner range of tho pendentives, though it bears directly on 
mouldings if they are worked to the same them, only at tho crown of each, whore tho 

section as the other sides ; and it is, therefore, plane of the circular dome touches that of the 

usual to increase the width of each moulding square base formed by the main arches. 

CoiUinued 
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GUN AND AMMUNITION DEALERS 

The businoss of a gun and ammunition dealtT 
is one that stands alone in largo towns and cities, 
but the tendency of the trade is towards the 
man who proseeutos this department merely 
as a side line. It is particularly suitable for 
exploitation by ironmongers, and, indeed, about 
three- (pi arters of the guns and ammunition 
sold in Great Britain reaeh users through the 
intermediary of the ironmongery trade. For 
this reason, our consideration of the department 
will bo upon the sujiposition that an established 
letailer wishes to embark in the selling of guns 
and ammunition, and is willing to spend £100 
upon stock. 

Personal Qualities. (historncrs are 
drawn from the ranks of sportsmen, and success 
is most promising to the man who is himself 
a sportsman. In such a position the shopkeeper 
meets his customers on common ground. His 
advico is asked and often takem, also he can 
usually sell better goods bearing higher specific 
profits if ho ho himself a good shot. 

Guns. The chief disbursement of the 
£100 allocated for stock would be for guns. 
Wo suggest the following as a wise opening 
selection : 


Cheap Belgian guns, 12-boro double-bar- £ h. d. 
rel hammer guns, say two of each at 
2153., 30s., 403., 603 14 10 0 

1 Belgian plain liamniorloss . . . . 4 0 0 

American singlo barrel ejector, 2 at 20s, 2 0 0 

2 cheap hammer hinglish d.b. guns nt 

60.3 6 00 

2 plain harnmcrlcss at £5 . . . . 10 O 0 


Guns of English manufacture should bo stocked 
only when “ nitro-proved.” The slight extra cost 
means an incrc,ascd selling price, and the policy 
is all in the direction of safety. 

A small stock of air-guns, chiefly for winter 
trade, is also desirable. These air-guns would 
cost from 278. fid. per dozen for the Daisy to 
lOs. fid. each for the Gem; and, wdiile they 
can be easily procured at short notice, a small 
Bt-ock of 1 dozen Daisy, 1 small Gem, 1 ordinary 
Gem, costs about £2 ; with, say, 10,000 slugs, at 
fid, per 1,000, and fi dozem darts at 4s. fid. per 
gross, demanding 7s. 3d. more. 

In stocking any, of the more expensive air- 
guns, care should be taken to stock them only 
in the No. 1 size, and, of course*, only stock the 
slugs and darts in that size. 

The Daisy air-gun takes only one size, which 
is the B.B. shot, although it takes equally the 
No. 1 darts. B.B. shot is sold in boxes of 1,000, 
at 4d. per box of 1,000. 

RevolTers. Revolvers should not bo 
handled, except when ordered, because of the 


restrictions imposed by the provisions of the 
Pistols Bill, which nKpiircs all vendors of revol- 
vers to sec that the buyer is either (a) a gun- 
licence holder, who must produce the Ucenoo 
for inspection, or (b) a householder who wants 
to use the revolver in his house or eurtilago 
thereof. 

A hook has to lx* kept showing the sale of 
eaeh revolver, with the name of buyer, particu- 
lars of his gim-li(!cnce, or proof that ho is a. 
householder, and snt*h hook can ho inspected 
at any time by the authoritiiis. 

Before tlie passage* of the Pistols Bill, a good 
trade was done in all chusses of revolvers, which 
is now practically closed, because of the re- 
strictions thus imposed. The only revolvers 
which should be entertained at all are the more 
exp(‘nsive ones, beeauso they are more likely 
to appeal to the class of people who are allowed to 
buy them ; hut for a country dealer the stocking 
of these goods should be eschewed. 

Cartridges. If a dealer order 2.^), 000 cart- 
ridges, he can have his name printed on them 
and thus get the himofit of the advertisement. 
He iK'ed not take these in (me lot; in fact, it 
would he wiser to take them in two or thrt*(*. lots. 
These, if load(*(l in the cheap English unline-d 
case with manufacturer’s smokeh^ss powdeu’, 
would cost him fiOs. peu* 1,000; and if loaded in 
a metal-lined case, 7tts. per 1 ,000. The purchase 
of the first instalment of this parcel would 
absorb £30 to £3.'). 

During the fruiting season quite a demand 
arises in the fruit districts for a cheap cartridge 
for bird scaring, and those arc generally loaded 
with a small charge of black powd(*r and shot, 
and would cost 40s. per 1,000. The chargtj 
of shot principally used is No. 8. There is also 
a demand for a cheap black powder cartridge 
for rabbits, which could he procured for 50s. 
per 1,000. This would reduce the £100 by 
another ^7. 

All cartridg(^H kept for stock should he 12 
bore C.F., as this is the alnmst universal demand, 
and should be loaded with 5 and 6 sliot, except 
the bird-scaring eartridge.s afonmieiiUoncd. 
The odd bores of Ifi, 20, 24, 28, and 410, as well as 
pin-fires and oddsizes of shot, sliould he avoided, 
as the demand is so small that they would not 
pay to stock and could be supplied from the 
manufacturers at short notice. 

Miniature Rifles. With the present 
demand for miniature rifle shooting, and with 
clubs springing up inovery district, a certain sum 
should be allocated for the purchase of materials 
•to fill this demand. Miniature rifles can bo 
bought by the trade at all prices from 8s. to 
.52s. fid. each fo take the 22 ammunition. 
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Ammunition for this i» also to be considered, 
and the cost of same is : 22 short loaded black 
powder. 8s. per 1,000 ; 22 short loaded smokeless 
powder, 10s. per 1,000 ; 22 long loaded black 
powder, lOs. per 1,000 ; 22 long loaded smoke- 
less powder, lls. 6d. per 1,000. If purchased 
in case lots of 10,000, a reduction of 3d. per 
1,000 is allowed. This ammunition is the best 
because of its low price, and is now universally 
adopted with miniature rifle clubs. 

Accessories. There are, of course, certain 
small oddments, which arc the necessary appen- 
dages of the trade, such as cardboard targets, 
which can be ]>rocurod, according to size, from 
2s. to 6s. per 1,000. Cleaning rods for guns and 
rifles are quite inexpensive — thus a 12 bore 
wo(iden cleaning rod would cost Is. 6d. each, 
and a steel rod for the 22 rifle 8d. each. 

Such items as gun-cases, cartridge -bags, etc., 
should not be stocked at first, because they 
damag(5 or soil easily, and the demand is a small 
one. All manufacturers have special illustrated 
lists of those, and they could be sold from such 
lists without risk. 

Precaution for StocKKeeping. - Be 

sure and see that all guns are kept well oiled, 
and, in the case of rifles and doulilc-barrcl guns, 
are corked at the muzzle. Dirt and grit of any 
shop can very materially damage the rifling of 
the barrels or the mechanism of the guns, thus 
impairing the accuracy and selling value of the 
rifle, besides running the risk of the damp atmo- 
sphere causing rust. Guns once allowed to get 
rusty lose very materially in their selling value. 

Cartridges should Ixi kept in a dry place, free 
from suspicion of moisture on the one hand, 
and not overheated on the other. With car- 
tridges which are made* of paper tulKJS, damp 
tends to sw'ell the tubes and to ])revont their 
entrance into the chamber, and it also detri- 
mentally affects the shooting power of the 
cartridge. On the other hand, a heated atmo- 
sphere tends to develop unduly the violence of 
nitro powders, and should be avcMded. 

When di.sj)laying guns — and this is the best 
means of soiling them — they should be placed 
in racks open to view. A very cheap rack can 
be made with holes cut out to pass the barrels 
through, the stock resting upon a shelf placed 
for the purpose. 

Testing Range. It is always a very ser- 
viceable adjunct to the sale of guns and ammuni- 
tion if facilities can be afforded whereby the 
customer can test his purchases on the premises. 
The providing of these facilities is rather ex- 
pensive, and can be undertaken only if the 
trade warrant it. As far as miniature rifles aro 
concerned, th,' installation is cheap enough. A 
small target to stand the impact of a 22 cartridge 
can be got for £2, and may ha placed in the 
back yard. The effective range of most miniature 
clubs for indoor ranges is 25 yards, but a good 
illustration could be made of the efficacy of the 
rifles, etc., on a iO yards range. 

Shooting Gallery. It often pays to . 
install a sliooting range where the general public 
can test and exhibit their skill in marksmanship 
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in return for a humble coin for every attempt. 
Tlie present time, when endeavours arc bemg 
made to develop the individual shooting ability 
of our citizens, is suitable for establishing such 
ventures, which need bo open, say, only in the 
evenings, and perhaps during holidays. The 
gallery ought to have targets at 25 yards, but if 
there be no near competition in the business, a 
10 yards range may serve. Half a dozen rifles for 
service in the gallery may cost anything from 
7s. to 84s. each. It is well to give not less than 
£3 for each, as good weapons may be had at the 
price, and these will attract good marksmen. 
The gallery ammunition costs 8s. per 1,000 
uj)ward8, but we may allow 20s. for good charges. 
At a penny each, 1,000 shots yield in gross 
revenue the sum of 83s. 4d., surely a high enough 
rate of profit to satisfy the most grasping of 
retailers. Some galleries charge only a halfpenny 
per shot, and there is good return for the venture 
even at this i)rice. 

Prices. I’hc question of price maintenance 
on cartridges is now being threshed out, and it 
i.s very likely that 1907 will see some practical 
results. A satisfactory an*angcment was almost 
reachcrl in the early part of the present year 
(1906), hut fell through because of the action of 
one of the manufacturers. It is now, however, 
in course of settlement. This price maintcnancfi 
is based upon the giving of 25 per cent, profit on 
selling prices to all dealers in cartridges. 

(bins pay well. The list prices of makers and 
wholesale importers aro frequently subject to 
50 per cent, trade disco\int, and occasionally 
list prices can be secured. Competition or other 
reasons usually clause a lowtu’ rate of profit to 
be adopted, but prices aro seldom lower than 
a basis which allows a profit of 33J per cent, from 
selling prices. 

The new torms now given l)y all ammunition 
maiiufaeturers embrace a special discount for 
prompt ea.sh, whicli woiks out on an order of 
25,000 cartridges to a percentage of 10 per cent, 
on the year, and this 10 per cent., besides meaning 
an additional profit on his trade, enables him to 
compete more successfully with his rivals, and 
also ensures him the good graces of the firm 
with whom he is doing business. 

We have dealt in this article with loaded car- 
tridges because the restrictions now imposed 
by the Home Office make the loading of car- 
tridges by the shopkeeper inexpedient, and by 
buying his components he can seldom make up 
his cartridge at the price of the fully loaded 
article filled by the manufacturer. 

The Explosives Act. It is desirable that 
the retailer of gunpowder and explosives should 
make himself familiar with the obligations im- 
posed by the Explosives Act. There are to-day 
many retailers of experience and standing who 
are infringing the provisions of the Act through 
ignorance or misconception. The original Act has 
bwn loaded with Orders in Council until it is 
rather difficult to decide what is exact law upon 
several points, but at least the following pro- 
visions should be observed. The law differentiates 
between gunpowder and nitro compounds. The 



former is a compound made of saltpetre, char- 
coal, and sulphur. A person wishing to keep 
giinpowder for sale must register his name, 
tracle, and premises with the local authority, 
paying a r^istration fee not exceeding Is. 

Til is registration entitles the person registered 
to keep gunpowder by three methods ; 

1. In a specially constructed delatihed build- 
ing or a fireproof safe away from any dwelling- 
house or thoroughfare. Maximum quantity which 
may be stored is 200 lb. 

2. In a fireproof safe in a shop or dwelling. 
Maximum quantity, 100 lb. 

3. [n a box or rec(*ptacle capable of being 
closed so as to inevent access by unnuthorised 
persons. This box or receptacle may be in any 
shop or dwelling, and may contain up to 50 lb. 
of gunpowder. 

Common blasting powder may ke^it under 
an ordinary g\inpowder licence, as its storage 
is governed by tlie conditions which pert^iin to 
gunpowder. The stock may consist of both 
eommon blasting powder and gunpowder if the 
total quantity does not exceed that allowed by 
the Act. Safety fuses cannot be kept in addition 
to gunpowder or blasting powder upon premises 
registered only for the storage of gunpowder, but 
safety fuses only may be kept to any amount 
without registration. 

Mixed Explosives. All explosives other 
than gunpowder and blasting pow'd<‘r are, under 
the Act, “ mixed ex plosives.” The grouj) inchuh^s 
Amberito, K.(\, Schultze, Kynoch Smokeless, Caii- 
nonite Sporting HallistiU*, Walsrode, Empire, Dia- 
mond Smokeless —and these may not be stored as 
gunpow'der, whether in bulk or in cartritlges. In 
order to hold sto(‘k of these, the retailer must Ix) 
registered for the sale of “ mixed explosives,” 
w’liich he must keep in cither of two specified 
manners, lie may use a ” substantial ” receptacle 
which may be a safe or a strong box of wood or 
iron furnished with a lock and kc^y to prevent 
access by unauthorised |x*rsons. But safety 
eartridges and percussion caps must not be kept 
in the same receptacle as gimpow'dcr or small 
arms nitro compounds ; they may be kept if 
separated by a suitable partition, or in another 
part of the same room, or in another room of 
the same registered premises. Under these 
restrictions, the dealer may keep up to 50 lb. 
of gunpowder and small arms nitro compounds, 
and a quantity not exceeding 500 lb. of explosive 
contained in safety cartridges, safety fiLses, and 
percussion caps. Safety fuses may be kept with 
any other explosive. Detonators and firew^orks 
must be kept apart from each other and from 
all other explosives. 

Should the dealer desire to hold stock of a 
larger quantity than permitted under the con- 
ditions stated, he may provide a special building 
of stone, brick, concrete, or iron, detached from 
any dwelling house, and at a safe distance from 
any public highway, or a strong fireproof safe 
similarly placed, and in this manner he may store 
up to 200 lb. of gunpowder and small arm$ nitro 
compounds, in addition to not more than 500 lb. 
of explosives contained m safety cartridges, 
safety futos, and percussion caps. 
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Loading Cartridges. Should the dealer 
find that his stock of gunpowder and small arms 
nitro compounds is in excess of that permitted 
by the Act, he may avoid infringement by con- 
verting the excess into safi'ty (iartridges. The 
regulations laid down by the Gunmakers’ 
Association of London should lie observed, as 
they embrace all legal obligations. They are as 
follow ; 

in every case where a londinp room is to bo use*), 
notice to tlial olTeet inust bt‘ giv«'n to tin* local 
Hutliorities on < he form whieli is lodged h>r registering 
the promises. 

ruder no conditions sJiall more than H lb. of pow- 
der or small orm.s nitro eompomids be present in tho 
loading room at one time, and then only if such ex- 
)dosivc is to he immediately used for tilling eartridges, 
powder loailed into wadiUxl earti'idge-casos not btdng 
counted. 

Tho loading room should he as far as !30Hsihlo 
isolated from adl risk of tire or explosion. Tlic floor 
should lx? covered with linoleum or otluT imhrok('n 
surface, ami in no case should hnn? hoards he exposed, 
os the joints are liable to harbour spilt grains of 
pow<ler. There should he no exposed iron on file 
lloor, bench, sljelvt's, or walls, sueh as iron nail- 
heads, etc. 

Xo fire is allowed to ho in the room while any 
filling of <;artriflgj>s is going on, ami no artifieial light 
nidess it is so screemxl atul pliictxl as not to cause 
any danger hy fire or explosion. 

Kvery prc<!aution should h<’ taken to prevent the 
introduction into the loading room of grit or dirt, 
and, W’ith this end in view, the emi>]oyee» shoultl 
wear, when in the loading rot>ni, over their ordinary 
hoots niagu/.ine hoots or goloshes, <»r else flieir or- 
dinary hoCts should h(‘ removed ; and they should, 
when? possible, also he provided with such out>sido 
clothing or njirons as will ofTeidually cover tho ordi- 
nary elotlies. 

The striett‘st preeantions must he taken to prevent 
tho introduction of mateJies into the loading room. 

Xo work um*onm‘etc'd with tho manufacture of 
cartridges shall he earriixl on at tho same time o-s tho 
filling of eartridges. 

HABERDASHERS 

Haberdashery on its retail side is seldom a 
di.stinot indLqxnidciit busitu^ss, but it is a feature 
of the scheme of this course that consideration 
should be given to departments. Halxa’dashery 
is usually included in the drapery and a few of its 
allied trades which arc studied, in other articles. 
But it is suitable for exploitation a.s a separate 
trade by, say, a draper w'ho is advanced in life, 
and who finds himself out of employment at an 
age when he cannot get another. We know 
several men who have done much better for 
themselves by such a vtmlure. than they could 
have done by taking another situation even 
had they bc(‘n able to find one. 

Haberdashery comprises all manner of “ small 
w'ares ” connected with the making of garments - 
needless, pins, bodkins, cottf)ns, tapes, anti such 
things — wliich are in everyday demand every- 
where. The trade or the department Is com- 
monly considered a paltry one, as nearly every- 
thing sold is of low price ; but it requires, per- 
haps for that reason, greater attention to detail 
if it is to be successful. The bump of orderliness 
must be well developed in the haberdasher, else; 
the multitude of small articles of which his stock 
is composed will become hopelessly confused, and 
render the prompt service of customers impossibh; 
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Ammunition for this is also to be considered, 
and the cost of same is : 22 short loaded black 
powder, 8s. per 1,000 ; 22 short loaded smokeless 
powder, 10s. per 1,000 ; 22 long loaded black 
powder, lOs. per 1,000 ; 22 long loaded smoke- 
less powder, lls. 6d. per 1,000. If purchased 
in case lots of 10,000, a reduction of lid. per 
1,000 is allowed. This ammunition is the best 
because of its low price, and is now universally 
adopted with miniature rifle clubs. 

Accessories. There are, of course, certain 
small oddments, w hich are the necessary appen- 
dages of the trade, such as cardboard targets, 
which can be j)rocurcd, according to size, from 
2s. to Os. per 1,000. Cleaning rods for guns and 
rifles are (luite inexpensive — thus a 12 bore 
wooden cli^aning rod would cost Is. 6d. each, 
and a steel rod for the 22 rifle 8d. each. 

Such items as gun-cases, cartridge- bags, etc., 
i hould not be stocked at first, because they 
damage or soil easily, and the demand is a small 
one. All manufacturers have special illustrated 
lists of these, and they could be sold from such 
lists without risk. 

Precaution for StocKKeeping. ' Be 

sure and see that all guns arc kept well oIUhI, 
and, in the case of rifles and double-barrel guns, 
are corked at the muzzle. Dirt find grit of any 
shop can very materially damage the rifling of 
the barrels or the miichanism of the guns, thus 
impairing the accuracy and selling value of the 
rifle, liosides running t^ie I’isk of the damp atmo- 
sphere causing rust. (Juris once allowed to get 
rusty lose very materially in their selling value. 

(Cartridges should be kept in a dry place, free 
from suspicion of moisture on the one hand, 
and not ovei'heated on the other. With car- 
tridges which arc made of paper tulK\s, damp 
ten& to swell the tubes and to prevent their 
entrance into the chamber, and it also detri- 
mentally affects the shooting powder of the 
cartridge. On the other liand, a heated atmo- 
sphere tends to develop unduly the violence of 
nitro powders, and should be avtuded. 

When displaying guns — and this is the best 
means of selling them — they should be placed 
in racks open to view. A very cheap rack can 
be made with holes cut out to pass the barrels 
through, the stock resting upon a shelf placed 
for the purpost*. 

Testing Range. It is alw'ays a very ser- 
viceable adjunct to the sale of guns and ammuni- 
tion if facilities can be afforded whereby the 
customer can test his purchases on the premises. 
The providing of these facilities is rather ex- 
pensive, and ean be undertaken only if the 
trade warrant it. As far as miniature rifles are 
concerned, th.^ installation is cheap enough. A 
small target to stand the impact of a 22 cartridge 
can be got for £2, and may be placed in the 
back yard. The effective range of most miniature 
clubs for indoor ranges is 25 yards, but a good 
illustration could bo made of tne efficacy of the 
rifles, etc., on a 10 yards range. 

Shooting Galler> . It often pays to 
install a shooting range where the general public 
can test and exhibit their skill in marksmanship 
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in return for a humble coin for every attempt. 
Tlie present time, when endeavours are being 
made to develop the individual shooting ability 
of our citizens, is suitable for establishing such 
ventures, which need bo open, say, only in the 
evenings, and perliaps during holidays. The 
gallery ought to have targets at 25 yards, but if 
there be no near competition in the business, a 
10 yards range may serve. Half a dozen rifles for 
service in the gallery may cost anything from 
7s. to 84s. each. It is w^ell to give not less than 
£3 for each, as good weapons may be had at the 
price, and these w^ill attracit good marksmen. 
The gallery ammunition costs 8s. per 1,000 
upwards, but wo may allow 20s. for good charges. 
At a penny each, 1,000 shots yield in gross 
revenue the sum of 83s. 4d., surely a high enough 
rate of profit to satisfy the most grasping of 
retailers. Some galleries charge only a halfpenny 
piT shot, and there is good return for the venture 
even at this price. 

Prices. 'J’hc question of price maintenance 
on cartridges is now being threshed out, and it 
is very likely that 1907 will see some practical 
results. A satisfactory arrangement \vas almost 
reached in the early part of the prestmt year 
(1900), but fell through because of the action of 
one of the manufacturers. It w now\ however, 
in coursi' of settleinc'nt. This price maintenance 
is based upon the giving of 25 per cent, profit on 
.selling prices to all dealers in cartridges. 

Guns pay well. The list prices of makers and 
wholesale importers are frequently subject to 
50 per cent, trade discount, and occasionally 
list prices can be secured. Competition or other 
reason.s usually cause a lowi'r rate of profit to 
bo adopted, but prices are s(‘ldom lower than 
a basis which allow^s a profit of 33 })cr cent, from 
selling prices. 

The m>w terms now^ given by all ammunition 
manufactiirt;rs embrace a special discount for 
})rompt cash, which works oe.t on an order of 
25,000 cartridges to a percentage of 10 per cent, 
on the year, and this 10 per cent., besides meaning 
an additional profit on his trade, enables him to 
compete more successfully with his rivals, and 
also ensures him the good graces of the firm 
w'ith whom he is doing Tnisinoss. 

We have dealt in this article wflth loaded car- 
tridges because the restrictions now imposed 
by the Home Office make the loading of car- 
tridges by the shopkeeper inexpedient, and by 
buying his components he can seldom make up 
his cartridge at the price of the fully loaded 
article filled by the manufacturer. 

The Explosives Act. It is desirable that 
the retailer of gunpowder and explosives should 
make himself familiar with the obligations im- 
posed by the Explosives Act. There arc to-day 
many retailers of experience and standing who 
are infringing the provisions of the Act through 
ignorance or misconception. The original Act has 
been loaded with Orders in Council until it is 
rather difficult to. decide what is exact law upon 
several points, but at least the following pro- 
visions should be observed. The law differentiates 
between gunpowder and nitro compounds. The 
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former is a compound modi^ of saltpetre, char- 
coal, and sulphur. A person wishing to keep 
gunpowder for sale must register his name, 
trade, and premises with the local authority, 
paying a registration fee not exceeding Is. 

This registration entitles the person registered 
to keep gunpowder by three methods : 

1. In a specially constructed diitiiched build- 
ing or a fireproof safe away from any dwelling- 
house or thoroughfares Maximum quantity which 
may stored is 200 lb. 

2. In a fireproof safe in a shop or dwelling. 
Maximum quantity, KX) lb. 

3. In a box or receptacle capable of being 
closed so as to prevent access by unauthorised 
persons. This box or receptacle may be in any 
shop or dwelling, and may contain up to 50 lb. 
of gunpowder. 

Common blasting powder may be ke])t under 
an ordinary gunpowder licence, as its storage 
is governoa by the (.-onditions which pertiiin t-o 
gunpowder. 'Die stock may consist of both 
common blasting powder and. gunpowder if the 
total quantity does not exceed that allowed by 
the Act. Safety fuses cannot be kept in addition 
to gunpowder or blasting powder upon premises 
ngistered only for th(‘ storage of gunpowder, but 
safety fuses only may bo kept to any amount 
without registration. 

Mixed Explosives. All explosives other 
than gunpowder and blasting powder are, under 
the Act, mixed explosives.” I'he group includes 
Amherite, E.C., Schultze, Kynooh Smokeless, Can- 
nonito Sporting Ballistite, Walsrode, Empire, Dia- 
mond Smokele.ss — and these may not bo stored a.s 
gunpow'diu', whether in bulk or in cartridges. In 
order to hold stock of these, the retailer must be 
registered for the sale of “ mixed explosives,” 
which he must keep in either of two specified 
manners. He may use a “ substantial ” receptacle 
which may be a safe or a strong box of wood or 
iron fumi.shcd with a lo<!k and key to prevent 
access by unauthorised persons. But safety 
oai*tridgos and percussion caps must not be kept 
in the same receptacle as gunpowder or small 
arms nit-ro compounds ; they may he kept if 
separated by a suitable partition, or in another 
part of the same room, or in another room of 
the same registered f)n!misos. Under these 
restrictions, the dealer may keep up to 50 lb. 
of gun]K)wder and small arms nitro compounds, 
and a quantity not exceeding 500 lb. of explosive 
eon tainted in safety cartridges, safety fuses, and 
ptTCUssion caps. Safety fiLses may be kept with 
any other explosive. Detonators and fireworks 
must be kept apart from each other and from 
all other ext)losives. 

Should the dealer desire to hold stock of a 
larger quantity than permitted under the con- 
ditions stated, he may provide a special building 
of stone, brick, concroUi, or iron, detached from 
any dwelling house, and at a safe distance from 
any public highway, or a strong fireproof safe 
similarly plac^, and in this manner he may store 
up to 200 lb. of gunpowder and small arm$ nitro 
compounds, in Edition to not more than 500 lb. 
of explosives contained in safety cartridges, 
safety fukes, and percussion caps. 


Loadini; Cartridges. Should the dealer 
find that his stock of gunpowder and small arms 
nitro compounds is in excess of that permitted 
by the Act, he may avoid infringement by con- 
verting the cxc(^ss into saft'ty cartridges. The 
regulations laid dowm by ihe (Junmakers’ 
Association of London should Ijo observed, as 
they embrace all legal obligations. They arc as 
follow : 

III every ease whore a loading room i.s to b(5 ii8e<l, 
iiotiee to that ell'eet must be given to the loeal 
niithorities on the form which is lodged for registering 
the premises. 

I'ndtM* no oonditions shall more than 5 lb. of pow*^- 
<ler or .small arms nitro compounds be present in tho 
loading room at one time, and then only if sucli ox- 
pU*siv** is to be iinrnodiately usotl ftn* filling eart ridges, 
powdiM* loaded into wadiled cartridge-eases not being 
counted. 

The loailing room should bo jis far as i>ossiblf» 
isolate<l from all risk of fire or <!X}>losion. liu3 floor 
should be covered with linoleum or other unbroken 
surface, and in no ease should bare boards be exposed, 
a.s tlu‘ joints arc liable to harlionr .spilt grains of 
powder. There should be no exposed iron on the 
noor, bench, sheivc's, or walls, such as iron nail- 
hcails, etc. 

No lire is allowed to he in the room while any 
filling of cartridges is going on, aufl no artifiiual light 
imlivsH it is so screened and ])laccd as not to cuu.so 
any danger by liro or ex])loHion. 

Kvery ])recaution should bo taken to prevent the 
introduction into the loading room of grit or dirt, 
and, with tliis end in viewv, tlw^ i.Muployees should 
wear, when in the* loading ror)m, over their ordinary 
boots magazine boots or goloshes, or else their or- 
dinary boots should bo removed ; and they shoiik), 
where possild**, also be provided with sneli outside 
clothing or aprons as will etT(H*tiially cover the ordi- 
nary clothes. 

The sirietest precautions must be taken to priwent 
the introduction of matelies into the loading room. 

No work unconnected with tlio manufacture of 
cartridges shall l.io (tarried on at t ho same time as tho 
filling of cartridges. 

HABERDASHERS 

Haberdashery on its retail side is seldom a 
di.stinct independent business, but it is a feature 
of the scheme of this course that eonsidcTation 
should be given to departments. Haberdashery 
is usually includetl in the dra])ery and a few of its 
allied trades whicli are stutlied in other articles. 
But it is suitable for exploitation as a separate 
trade by, say, a draper w^ho is advanced in life, 
and who finds himself out of employment at an 
agci when be cannot get another. We know 
several men who have done much better for 
themselves by such a venture than tluiy could 
have done by taking another situation evcui 
had they been able to find one. 

Haberdashery comprises all manner of “ small 
wares” connected with ihe making of garments - 
needles, pins, bodkins, cottons, tapirs, and such 
things — which are in everyday demand every- 
where. The trade or the department is com- 
monly coiLsidered a paltry one, as nearly every- 
thing sold is of low price ; but it requires, per- 
haps for that reason, greater attention to detail 
if it is to be successful. The bump of orderliness 
must be well developed in the haberdasher, else 
the multitude of small artiele>s of which his stock 
is composed will become hopelessly confused, and 
render the prompt service of customers impossible 
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The Shop. The haber^sher's shop need 
not — ^indeed, must not — be in the main thorough- 
fare, where the rents are very high, else the 
exp<?nso will swallow up the capital in a very 
short time. As the goods are not bulky, the 
premises may be small, and should be rented at 
not more than £40 in a London suburb or £20 
in one of the smaller provincial towns. The 
fittings are for use more than for show, and are 
inexpensive — a counter (with glass case top if 
possible), a few nests of drawers, with plenty of 
trays, divisions, and partitions. The shelves 
may bo put up by the man himself if he can uso 
tools intelligently. Xo expensive or elaborate 
window fittings are needed. The goods must be 
neatly displayed and classed together, but need 
not bo priced. In fact, the sum of £10 spent in 
preparing the shop for the stock should be 
sufficient. 

Capital and Stock. An adequate stock 
of haberdashery can bo purchased for £50. A 
“ connection ” trade must be the object in v-^iew, 
and a well-assorted stock is necessary. Goods 
that fade quickly or that are of a fancy nature 
should bo avoided as much as possible. There 
arc some standard arti(!les which form the back- 
bone of the trade, and these must be purchased 
in every variety likely to be demanded. There 
are soine trades in which selling from catalogues 
is possible, but that wo are now considering is 
not one of them. For instance, needles of every 
size and variety for both hand-sewing and 
machine use must be kept, also pins in all their 
various forms, from the big blanket pin to the 
small “ baby ** variety, safety pins, black and 
white pins, steel pins, jot-headed pins, largo 
fancy hat-pins, and as for hairpins — the namo 
of the different kinds is legion. 

In sewing cottons all the good makers must 
1)0 represented, as customers have their special 
fancies. Tlien there are knitting and crochet 
cottons, mending cottons, and wools in hanks 
and on cards, threads in black, white, and 
colours, from the fine to the heavy qualities ; 
thread for carpets and upholstery work, machino 
and sewing silks of all colours, and twist for 
buttonholes. The variety of tapes is also large, 
including white, bJacJc, and coloured in all 
widths both linen and cotton, bindings, beltings, 
strappings, galloons, webs, cords, dress pre- 
servers, and boot and stay laces in silk and cotton. 

Dressmakers’ sundries will include hooks and 
oyt)S, whalebone, springs for dresses, and cor.set 
busks. There must be tape measures from the 
humble penny article to the aristocratic .shilling 
spring measure in a metal ease, thimbles in steel, 
bone, brass, and silver ; buckles, waddings in 
black, white, and colours — the last-named for 
jewellers’ use — cords, elastics, garters, suspenders, 
glove and boot button -hooks. There is great 
variety in buttons, which must be kept in linen, 
cloth, china, pearl, metal, bone, and horn for 
every possible kind of garment in all colours and 
styles. We have enumerated the classes of 
haberdashery which may be bought for 
the £50 note we assumt4 to be at the disposal 


of the opening shopkeeper. These may be con- 
sidered the essentials of the stock. 

Side Lines. There are other things which 
should be added at the beginning, it funds per- 
mit. The list of extras includes trimmings and 
gimps for ladies’ dresses and mantles, girdles, 
buckles and clasps, belts, braids, fringes, black 
and coloured bea^, jet trimmings, useful yams, 
such as Scotch yarns, Berlin and Shetland wool, 
Andalusian fingering. Tailors’ trimmings should 
also be included as soon as possible. They 
will comprise cotton, silk, and wool linings, 
Italian cloth, buckram, button.s, twists, chalk, 
and all the little accessories needed by the tailor. 

By studying to make the stock complete and 
to avoid the likelihood of being asked for any- 
thing which lie cannot supply, the hal>erdasher 
will acquire the reputation of keeping “ the 
handy shop,” and ho will be resorted to as a 
matter of course, with the eonfideiico that ho 
will be able to supply at once wiiat is wfintod. 

Yet there are a few things winch it will be 
w’ell to avoid keeping — coloured ribbons, for 
instance, which involve a heavy outlay and 
result in loss by soiling unless their sale be 
very large. 

Certain articles of cutlery pertinent to the 
haberdashery trade are worth keeping, as they 
arc exceptionally remunerative — scissors for 
t‘m broidery, buttonholes, and for dressmakers’ 
and household use, tailors* shears, pocket 
knives, stilettos, and nail-filos. 

Sewing Machines and Fancy Goods. 
A sewing machino might be bought and held 
for sale. The class of customers who como to 
the counter are those who use sowing machines, 
and an odd machino can be sold now and again. 
Tho profit on each machino need never be loss 
than a sovereign. If the sowing machino trado 
bo attempted, there w ill be a demand to sell tho 
machines on tho instalment system ; but, 
unless the retailor know^s tho customer to bo 
absolutely exact in meeting obligations, he will 
resist blandishments to induce him to part 
with goods on such terms. 

Some fancy goods offer opportunities, es- 
pecially about Christmas time — ^such things os 
nocdlo and cotton cases, cabinets of haber- 
dashery assortments in w^ood and leather, to 
sell at from Is. to Ifis. 6d., ladies’ companions, 
and not forgetting the “ bachelor's roll ” con- 
taining an assortment of buttons and thread, 
needles and pins, and selling at about 2s. 

Profits. The profits will not be less than 
20 per cent, of tho selling price, and on fancy 
articles such as scissors, thimbles, needle-cases, 
not less than 33J per cent. Most of tho selling 
will be for cash, as the money is taken in small 
amounts ; but it will bo well to have a few 
monthly accounts with tailors and dressmakers, 
who will probably appreciate the convenience 
by becoming steady and regular customers. 
As the goods of a haberdasher do not got out 
of fashion or soil easily, there is practically no 
loss ffom unsaleable or soiled stock such as is 
found ill the general drapery trade. 
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Group 28 

TEXTILES 

Weaidng: Figures and Ornaments. Diaper and Damask. 

22 

Gauze and Lace. Velvet and Velveteen. Chenille 

Ci'titiinK’d from 

' 

y!»44 


By W. S. MURPHY 


'T’lIANKS to the great art spirits of the iiiiie- 
^ teenth century, the textile designer has 
been freed from tlie bonds of convention. Our 
designs are not now the futile imitations of 
foreign forms, made conventional beyond 
recognition, which wiae im]H)sed u])on our 
predecessors of the early Vi('torian era. 'Plu* 
designer may go out into the tields, and, in loving 
communion with Nature, derive fiTsh ideas and 
new forms. Jfe can bring from the roadside 
the beauty of familiar floAvi‘rs ; from the harvest 
ti('ld the golden tr<‘sses of the barley, the rioli 
fulness of the wheat, the waving crown of the 
ripened oat ; from the woodland visions of green 
and tititxid traceries against tl\e shadowy 
verdure of the grass or the azure liglit of tlu' 
sky. These, his treasures, he can freely display 
on the cloth designs he makes for the weaver 
and the wearer. Allowing free ])lay to his 
imagination, he must also discipline it with 
the sense of fitness. 

Tlio latitude given to the clotli designer 
may he nobly used or grossly abused. There are 
two directions which wrong practice has taken. 
One is the sacrifice of sound structure to orna- 
ment ; the other is a false sensationalism, 
pr(‘S(;nting objects with a ])reteiice at reality 
altogether false and grossly vulgar. We can 

no time in the 136. niArKu 

history of Ihitish 

industiy was there so m\ich good art 
sound design in textiles as there is at 
present day. 


and 

the 


Ground Warp and Weft Figures. 

Making figures is so easy that we feel tempted 
to enter lightly on llu' venture. 'Ihlve a plain 
cloth, for example. What is easier than to 
make the weft skip over the warp liere and thenN 
or in regular gradation, to foiin a design or 
figure on the surface of the cloih If It is easy, 
veiy easy, and we would doubtless produce veiy 
pretty figures ; but the result would perhaj)s 
astonish us sorely. At the end of a yard Ave 
might find our Avarp pulled tight here and lying 
slack there, and the figures all staggering 
drunkenly across the cloth. Impiiring mXo the 
eaiises, we would find that the viuy foundation 
principles of textile production had been violated. 
Structure is the alpha and omega (jf weaving. 
We observed hoAV every pick of Aveft in j>Iain 
cloth takes up a certain length of AA^arp. If 
any warp thread is missed by the weft, it must 
become slack, because what it gives out with 
the rest is not taken up. When one warp and 
one weft are used, the balance must be main- 
tained in some vray. If, at this point, the weft 
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floats oA'cr seven warp threads at tliis 
six of the same section next pick, four at llu* 
next, the slackness on the four of flu* missed 
three picks, ami on the other tAvo of the picks 
missed, must he madi* up in another place, or the 
haianee of the Aveh is destroyed. We may repe.at 
all over the fabric, at elo.sc; intervals, tlie small 
figure, and so restore the haianee before any 
harm is done ; hut while the n‘latiou of Avarp 
and \v(‘ft may thus he put riglit, tlu' pattern 
may preserjt a Aery hroktm aiuJ ahsurri appear- 
ance. We can say, however, that a simple and 
modest design, Avhich is Avt»rked in accordance 
with what may b(‘ called the law of textile strue- 
iurc, is ahvays more pleasing to th(' eye than any^ 
form of pattern which dot's not come Avithin the 
laAV. 

Practical Rules. In gcnt'ral, the de 
signer should laydown a plan of the j>r()pose(l 
ligure, or eomhinatioji of /igurt's, and find out 
Avliat inter.st'ctiou of warj> and A^'eft is lu'cdt'd 
to form flu* pattt'rn. When this has been don(\ 
the practicability, or otlu'rwise, of the dt'sign 
AA'ill at once appear. 

Common twills and hiokeii or satin tA\ills 
are oftt'U ornamented with g«)()d efiect. In 
fact, the comparative* loost'iu'ss of flu* fabric 
lends itself to aid in the formation of lignres. 
Selected Avith judgment, very sliglil changes on 
the tAvills ]}r()diice line efl‘t*cls, (‘S])i;ciully in 
forming natural figures in conventionalised 
forms, (lelinitely siiggt‘sting Avithout attempting 
too much. 

Using the ground Avarp or weft, or both, it is 
possible t<) make figured cloths of a highly 
artistic and useful cliaraeter. Small matlicnuil- 
ieal figure's, spots, stripes, cheeks, tloral de'signs, 
scrolls and Hou^sh(^s can he carried out on tlio 
niate'iial of the fabric. OiUi limit ajjplic^s te) all 
d 'signs, if the fabric is not purt'ly ornamental - 
tlio design must not oecu])V so many threads 
as to Aveakeii the Ivody of the eloth. 

Diaper and DamasK. Thosc^ tine fabrics 
are figured on a simple prineifile, the ex- 
planation of whicli need not take Jong, though 
the practical working of the designs should Ix' 
carefully considered. DiafX'rs are .simi)je twills 
[136], the pattern being formed by the ehangi; 
from warp to weft i>n eitlier surfaces. Suppose 
it is desired to form a four-end lAvill on an 
eight-end pattern. On the first eight ends tlie 
AA^eft eoine.s to the surface ; on the second ('ight 
ends the warp forms the twill. It is as if avc 
liad turned over the web, bringing the back to 
the front in a magical fashion. The tAvill runs 
the opposite way Avheii formed by the Avarp 
from that when formed by the Aveft, Tlu^ 
simple change in the direction of the twill, 
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.iddod to the different direction of tlie pre- 
dominating thread‘d, alters the aspc'.ct of the 
pattern to wiieli a degree that the average 
iirisivilled observer would refuse to «aeeept the 
statement that the two squares are merely 
i(‘ v’ersals of on(‘ twi 11. Working on this principle, 
\v(‘ can produce a large variety of patterns. 

Styles of Diapers. On the diapers of the 
niiddlt* of th(‘ nineteenth century the figurcis 
are inostly on tlie luathematical ]dan ; but 
tluring tlu' ]nist twenty years th(^ diHercuce 
between diapers and daruasks has almost 
disap])(‘ared. It use<l to be said that a true 
diap(‘r was in s(|uares or sections of s(piares, 
and damask uas (Iota I or figured ; but now 
vou will lind more diapers in floral (b^signs 
than any other form of ])att(‘in. Instead 
of a simpl(‘ twill, tluTcfore, w(‘ hav(‘ often 
a satin or bi'()k('n twill, this form of twill 
obviously lending itself mort* readilv to the 
formation of 
I a r g e a n d 
\:iri('d figures. 

Hy making tlu* 
ligur<‘s with a 
sitiipk^ (*bang(* 

Ironi \\e:fl to 
warp ou tlu* 
surface, we 
avoid one dan- 
ger of tigiuing 
with single 
w arp and weft, 

(he weak- 
(*ning of the 
fabric by tlu^ 
p r V d o in i - 
nanee of float- 
ing threads. 

h e o t h e r 
Iroubh* w'bieb 
arises from the 
irregular inter- 
wcaviiig of 
w ar]) and weft 
is never wholly ovtreome, howe\er, exee])t in 
.s()eeiMlly liap[)y e(>m))inat ions, b^iiu* fabrics do 
not show' the deft'ct so ohvioiisly as heavy 
(‘lolbs ; but el()S(' e.xaininat ion reveals the faet 
that tlu* interw(*aving at the point of ehang<* 
is imperfectly covered. 

Extra Warps and Wefts. .Advancing 
from tlu* simple to tlu* eom]>lex, we now' come 
to consider a class of fabri(*s whieli it is the 
ambition of every young designer to handle. 
1.4orig before wx* have mastered the rudim'*nts 
of cloth fttrneiure, we dr(‘am of the varied and 
rich patterns wi* could make if only w(^ had 
liberty to work with extra yarns. In its pro])t*r 
place, such an ambit ion is far from reprehen- 
sible ; its proper place, hoivover, is dreamland 
for a year or two. Excepting in sfiecial forms, 
W'bieb must be studied in detail, the principle 
of making double-faced cloths is applied to 
the u. e of extra, y .rns for figuring and ornament. 
{Sometimes we use onlv extra warp, sometimes 
only extra weti, and in some instances added 
wari^ and w'oft. L.) a large number of those 
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(sloths, ilie extra yarn plays no part in the 
structure of the eloth. The solo concern of 
the designer, in such cases, is to obtain a proper 
passage for bis extra material, and a strong 
binding. These? two things are not always 
(*asily obtained, especially if the intervals 
hetw'oon the figures formed by the extra yarn 
is considerable. Wliere it is possible to use soft, 
thick threads, the* difficulty of glutting a clear 
passage: is (*vaded, but the problem of safe 
binding is ratlu*r intensified. 

Binding Figures. If the ground cloth 
be light, we cannot carry ’the tldck threads 
of the figuring yarns akmg with it; and if 
W(‘ cut, we have littk? beyond the binding 
threads at the poirjts of intersection to hold 
the yarn. This is not sufficient, in mod 
eases, and some other j)lan is generally adopted, 
such as using tlu? l)inding edge as shading of 
the ligure, or some other ex])edit*7it of a liki* 

nature to give 
the figuring 
yarn a hold in 
the stnietureof 
the eloth. With 
liberty to use as 
many colours 
as w'(^ n(‘C(l, and 
to })ile, say, 
throt? or four 
yarns on toj) of 
e a (? h o 1 her, 
shoidd tlu? de- 
sign so require, 
w'o enti?r on the 
freedom of the 
artist-. B u t 
warp and wt‘ft 
impose limita- 
tions which can 
bo evaded only 
by the art 
which conceals 
art. Stripes, 
spots, chocks, 
rows of figures, straight lines of flower or foliage, 
eurv<‘s that givi* a regular gradalion (^f inter- 
seetion between the woven threads, should be 
at tempt t*d first. An ('xaeting market makes 
higher and ev(‘r high(*r demands upon the 
designer’s craft and ingenuity ; but it is only 
after w'e have thoroughly mastered the simpler 
forms of design that we can hope successfully 
to venture on those combinations which bring 
weaving up to the level of the plastic arts. 
Learn to use extra warp, extra wx?ft, then both ; 
next eomhine the ground w'ith the extra yarns, 
and, having done all this, tlu? higher possibiliti(?s 
of t(*xti!e design will be w^cll w'ithin reach. 

Swivels. Without a knowledge of the 
structure of the loom, this cla.ss of design can 
hardly be fully understood ; but w^o must pre- 
suppose n certain general under.standing of the 
w'(?aviiig machine, and in a short time expect 
to study the loom in every detail We have 
judgtid it better to develop our theories before 
considering the applications of them, which are . 
many. In weaving cloth wx^ have the warp and 
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the shuttle, the latter bearing the weft into 
the warp and cjossing from side to side. . The 
swivel is an apparatus holding as many small 
shuttles as there are figures in the breadth of tlu^ 
web, the weft from each shuttle forming only 
one figure [137]. This is a method of forming 
figures with extra weft, which is coming more 
and more into use. The crossing shuttle waits, 
and the warp is held while the little shuttles 
perform their work. By this device weft is 
saved, and there is no need to eut away the float- 
ing threads between one figure and another. 
Anxiety as to binding is also spared. Many 
highly ingenious applications of the swiv'cl havi^ 
been invented, but the secrets of these are 
jealously guarded by the firms using them. 
Many patterns which seem texliU' impossi- 
bilities are done by tin* 
swivel. 

Lappets. Em- 
ployed for a similar })iir- 
poso, lapp('t w<*a\ ing is 
the opposite of swivel 
weaving. Instead of 
(‘xtra weft we have, in 
lappet, extra warp, 
used in a peculiar way. 

This extra warp may 
conic from a second 
beam, or a creel of 
cops set below i he loom. 

Th(! threads are led 
through n(‘(‘dles set 
upright on a horizontal 
bar which has two 
m()v<‘ments. 1 1 moves 
up so as to bring the 
threads it carries to the 
level of the warp as the 
shuttle brings the weft 
across ; and it iuov<‘s 
to and frf» in obedience 
to the guiding finger 
inserted in a wooden 
dial at the side of the 
loom. The first movement is to got the 
benefit of the binding weft ; the .second move- 
ment' is to form the figure on the ivarp, the 
curves on the tlial being turned in the manner 
necessary for the formation of the figure [138]. 
As the lappet apparatus moves on the under .side 
of the warp, the web is woven wrong side u}). 
The dial being movable, the positions of the 
lappet threads may be altered in any way the 
designer desires. This enables him to avoid the 
stiffness of line and straight regularity which are 
the great obstaclt‘s to artistic textile work. 
Lappet weaving ha.s its obvious limits ; the 
threads must ah\'ays present a flat surface, 
which tends to give a (’onventional appearaiiee 
to the figures. But the variety of colour ami 
figure this method of weaving affords makes 
it worthy of keen study and frccpicnt application. 

Various Fancy Cloths. The old hand- 
loom weavers were probably as intelligent a 
class of oraftsmen a.s the world has known. 
Kven before the power loom was invented, the 
weaver had made Ids machine an instrument 


capable (d performing operations far more 
complex than the mere plaiting of warp with 
weft. As a result, forms of cloth have been 
handed down to us which call for both ingenuity 
and artistic .skill. Iii our pr<‘S(‘nt course we can 
glance at hut a few of the various fancy cloths 
evolved by the w(‘aving craft. 

Crinkied Cloths. Every now and agiin 
there arises a demand for cloths which luive 
a drawn, or crinkled a|)p(‘arance, and the 
demand is met. If you pull a warp thread out 
of a piece of cloth, you will observe that it 
crinkles up ; held with moderate firmm'ss. the 
crinkles form regularly. Apply the princi})lc to 
weaving. Having determined the measure of 
<‘rca.se or crinkle recpjirt'd, and tlie breadth 
between oiu' ridge ami the next, you fix behind 
the reed of the loom a 
s(‘rieH of ni])pcrs, oi- 
t^a.t(-li(‘s, wliieh grip ou 
to the .select (^d warp 
threads. These threads 
are momentarily held 
while all the rest go 
forwaril with tin* move- 
nuaitof the loom. MMu* 
combi m’dslackm‘ss and 
tightness thus created 
fora) the cloth into 
regular erinkh's, which 
ar(‘ ineradicable ajid 
integral in the l)ody of 
the fabric. ^Phe clot bean 
he no longer than the 
shortest wairp threads, 
ami the. warp and weft 
which have gon(^ for- 
ward must curl up to 
keep alongside tin* 
short(‘r length of thcr(‘- 
strained warp. Many 
veiy pretty effects are 
achieviid by this simple 
device. 

Flounces or 
Tucks. A common a])plieation of the 
crinkling method is the formation of tucks or 
flounces by weaving. Tn this ease, however, 
the cloth is double, ami two w'arj)s are employed. 
The double cloth is woven to form the basis 
of the fabric. At the moimmt when the tuck 
is to he woven the one warj) is withdrawn, 
ami a single cloth is made the breadth necessary 
for the tuck. NVlum this has hetm done, the 
other warp, w hieli has not niovrd an inch, conies 
into ]>lay again. The .slack is madt^ U}) by the 
folding tog<‘ther of the cloth, which is s(‘(‘urcd by 
the resumption f tlie weaving of the whole 
fabric. 

Fancy Warps and Wefts. Variations 
in colour of warp and weft w'c take as a matt(‘r 
of coarse ; but desigueis have called into use 
another device, which, when properly ap})li(‘d, 
is singularly effective*. Fancy forms of yarn, 
such as knopps, curled twists, and loop threads, 
vary the surfa(‘e.s of cloths without making any 
special demand upon the loom. Tt is safer to 
use these yarns a.s warp bc‘cau.sc we hav(? more 
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certainty of placing tliem rightly. Clieap forma 
of imitation astrakhan and other imitation furs 
can be j)rodiic(^d in this way, })esidea many 
fancy dress cloths. 

Special Fabrics. There are some fabrics 
which owe th(‘ir existence wholly to the 
love of mankind for decoration. In southern 
countries, and during tin* warm sumrm*rs of 
temperate climes, clothing is worn by civilised 
nations less for ])hysical comfort than for social 
r<‘sj)ectiihility and tht^ pleasure of wearing 
fine clothes. '^I’lierefore, the w(‘avers very 
early devis(‘d a class of fabrics whicli combine 
lightness with strength, and which may be easily 
ornamented. .Among Ibese we tind a largi^ 
rang(^ of liglit clotlis, w'hich ai‘(‘ technically 
classed as (jti ur^cs. 

On the other haiul, then* is a class <d cloths 
wliich hav(^ Im'cm from 1inu‘ immemorial 
dedicated to eeiv-monial uses, or for giving a 
rieh ajipca ranee to tin* ixasons by whom they 
are worn. These art^ what we call pile vlotliM^ 
including in the class velvets, velveteens, and 
j)lush(\s. Velvet is the stnIT of which the regal 
rot)(‘s of kings and prinei's arc^ made ; it enters 
into the structure of llie crown of tlie monarch 
and the coronets of duk(*s and }>eers. Because 
of its pi'culiar stjucture, velvet is the richest 
of all fahries. the Jieaviest, and yet the most 
easily draped. Composed of sliort threads 
of silk standing up from the ground of the 
cloth, closer and iini'r tlian the tinest fur, v(‘lv(‘t 
is the costliest and strongest of silk fabrics. 
Tt is used for hangings and draperi(^s ])y jH'rsons 
of wealth, and tin* designer gets many an 
opportunity of (‘xereising on velvi'ts his highest 
artistic powers. 

I^lush is the cotton imitation of velvet, and 
serves many useful as well as ornamental 
purposi's. For hangings of a tem])oraiy nature, 
this material s<*ives just as well as velv(‘t. 
Figun‘d and stam^ied plush is greatly used in 
the making of cheap j)ieture frames, the up- 
holstery of furniture, and other ])urposes of that 
nature. 

\Vlvef(‘en is also a cotton M*lv(‘t ; but it has 
a cliaract(‘r and jjosit ion of its ow n. In struct un*, 
as xvc shall show, the cheaper cloth differs 
considerably from velvet. It is the true fustian, 
the cotton cloth which A\as the favourite wear 
of millions of the xvorking people during tlie 
early part of the nirndeenth century, and 
originally demonstrated that cotton could he 
made into a strong and substantial cloth. The 
pile of new' velvcdi'cn ])ossesses a sheen which 
rivals in lustre the cheapt-r classes of silk velvets. 
It- fades soon, of eours<* ; but the fabric is un- 
doubtedly very ])leasing and of great st rength. 

Gauze. In the fabrics we have already 
studied, the main stnicture has been composeil 
by crossing weft and stretcb(*d warp ; but 
when we come to gair/e a different stage in 
textile develoynnent is entered. Warp is the 
passivf' facdor in ihe formation of plain eloths, 
but it takes an active part in the construction 
of gauze. Lappet wt vving has prepared the 
way, in a measni *, fpr the active w'arp ; but the 
action of gauze warp is strongly significant, for 
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all that. The whole loom has become active. To 
make plain gauze, wo divide the warp thread into 
pairs, and gear, or mount, the loom so that each 
pair of warp threads w'ill cross, the one over the 
other, each thread passing from right to left, 

189. sKCTiox OF (JAUZE iiatcly [139], 

It must be 

taken for granted, of course, that two parallel 
threads cannot twine round each other; they can 
only clmnge positions, and ])crform half a circle 
each. Two threads acting on each other in that 
way would bo futile, and produce nothing ; but 
the coming of the w'eft> thread botwx'on them at 
the moment of crossing makes all the dilTerence. 
When tlie crossing thread xvaiits to get back to 
its former position, it finds the weft betw'oen it 
and the crossed thread, forming a little knot, 
'rhe next pick of w'oft comes along and is brought 
as elo.sely up to its neighbour as possible ; but 
the thickness of the two warp threads intervenes, 
and the weft thrt‘ads must lie a-jiart. This is 
tlie essential nature of gauze , 
it is practically a. kind of 
miniatures netting [140]. 
With a fabrics so (irmly 
bound, so strong, and so 
open in texture, variation 
and ornament suggest them- 
selves. The first st(‘p is to 
find out how many good and 
140. niAORAM OF lirm gauzes we can produce 
<!AUZE l>.y varying the crossing of 

the thriNids. Reversing the 
cross of (*V(M’v alternate pair, we obtain a result 
not unlike a (liaper effect ; eariying out the idea 
further, very pretty figuring may be done by 
simply altering th(‘ oniers of crossings. Alter- 
nate thick and thin war]) or thick and thin xveft 
produce quilt* admirable (h'ects. (■banging tlie 
order of weaving, weaving a. ditfen*nt number 
of picks in selected crossings, and other similar 
and simple d(‘viees, give variety to gauzes, and 
also prettiness at small cost. 

Gauze and Lace, it lias Ixurn said, 
with a emtain d(‘grce of truth, and an equal 
measure of severity, that you can do any- 
thing with gauze except make it into a good 
cloth. .\ll the devices of ornament can ht? 
utilised on gauze extra, wurp, extra weft, 
swivel, la))j)et, knop]), and curl yarns, and in 
addition, we ran iiitroduee plain cloth. The 
higliost achievcnu'nts of the gauze loom have 
been in th(‘ diiection of producing elaborate laco 
fabrics. For a. time, ch(‘ap production of 
the hire looms seeni(*d to drix'e the gauze weaver 
out of that market ; but the tide has turned the 
other way, ami the gauze weaver threatens 
seriously to retaliate upon the rival trade. Lace 
insertions, narrow laces for trimmings, lace 
h.'indkerchicfs, table-centres, fancy covers of all 
kinds, (igiirings the most delicate, are now 
produced on the gauze loom. But all this is 
matter for experiment ; any length of discoursing 
would not help the student. In such a case, the 
tutor ought simply to give a few practic«al hints, 
show wdiat can be accomplished, and leave the 
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rest to the intelligence, energy, and practical 
experiment of the student. 

trace. The lace designer has models by tin? 
thousand. Wo speak of the machino-Iace 
designer, of course. From before tlic (’liristiaii 
era down to the present hour the ingenious 
minds, vivid fancies and nimble fingers of leisun'd 
ladies, religious devotees, and industrious house- 
wives have been constantly developing new 
forms of lace. Lace designers, therefore, an> 
more often required to find out how to wt‘ave 
a certain pattern than to invent new forms t»f 
lace. Bobbin-net is the simplest form of lae(\ 
and affords easy l(i.ssons for the beginner. He 
lias to regard the warp threads as straight vertieal 
lines, round whieh the weft threads, which havi^ 
a limited area of ero.ssing motion, but a constant 
power of twining from warp thread t o warp thread, 
must 1)0 twisted in such order as to foiin the 
pattern. Lace u arp js vertical, and not horizon- 
tal as in the weaving loom. The weft does not 
shoot across the web, but passes bc'twecn one jiair 
of warp threads and comes back between anotlnu* 
j)air at such nearness of distance as may be de- 
signed. By this twining the net is formed. 
Tn ordinary bobbin-net the warp throids 
are passive, the bobbins doing all the work. 
But, suppose wo give the warp threads 
mobility, complicaU' the actions of th<‘ 
bobbins, and add appliances for directing 
both warp and weft in special ways, what 
tlioii ? We shall, at any rate, possess a real lace 
loom, and one ea])abl(; of being used for the 
re])roduetion of very complex designs. Tt is 
obvious that with such a machine fabrics of a light, 
open t(‘xturo may bo j)roduccd in vast variety. 
Before concluding our studies we shall devote 
considerable attention to lace-making by itself. 

Velvets. V(‘lvet is the most beautiful of 
all the pile fabrics. By a pile fabric we 
mean one the surface of whieh is formed by 
warp or weft raised above the ground of 
the fabric. As commonly understood the term 
velvet is only ap])lied to the pile cloth formed 
by silk warp. We say that velvet is formed 
by the piling, or looping up, of a silk warp, but 
the question comes, How is it done ? Velvet is 
eomi)Osed of two warps, one the inle and the 
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other the ground [141]. The loops are formed I)y 
passing wires across the web, so that the silk warp 
must weave them in with itself. Before passing 
over the wire, the pile warp goes under a weft 
thread ; and, after coming over the wire, is 
again bound down by a weft pick. But the 
ground fabric must also be taken into lu-count. 
One ground warp thread comes up over the 
weft thread, and accompanies the silk, <*x- 
cepting that it passes under instead of going 
over the wire. At thc' second pick, however, thi.s 
warp thread binds over the weft thread, and 
passes under the next. Thus the silk is bound 
closely into the ground fabric and supported by 
it. The highest class of velvets are cut by hand 


with a guide knife, which we shall seo w'hen we 
come to look at the velveteens ; but the great 
inas-T of the fabric is cut by a small blade at the 
end of the looping wire. To ornament this pre- 
cious cloth has alvva>'^ been the ambition of tho 
artist designer. One method mueh favourc'd is 
tho alternation, or varied distribution, of cut 
and uncut pile. Velvet and ‘‘ Terry,” as this com- 
bination is called, ])roduc('s vc'iy pn^tty effects. 
Anotlier mcHhod is H)e introduction of extra silk 
or silver or gold threads for tiguring. If this be 
well done, no more magniticent fabrics could be 
imagined. The last whieh calls for special nnui- 
tion is the liguring by means of vari-eoloured 
velvets. To do tliis sucecissfully we must stain 
every thn‘ad in sections so that tlu^ ])oint. of 
each cut thread will show exactly the (‘olour 
needed in the figure. 

Velveteens. Cotton velvet, oi- velve'teen. 
is a fabric whieli has many uses. Instead of 
the pile being formed by the warp, as in velvet, 
a floating weft makes the Ioo])s wliieh arc aftiu’- 
wards cut into pile [142]. While velvet might 
remain with loops uncut. velv(‘ti‘ens must always 
be cut. ;\ii imperative lu'ccssity ari^es in the lattm- 
ease for the float ing threads forming th<‘ pile 
being well bound in the structure of tin* fabric. 



142. SECTION OF VELVETEEN 


If not strongly seeur<‘d the pile will readily 
come away from the cloth and iendt*r all our 
laliour useless. This ])r()blem has exereisc‘d tho 
minds of many <‘xpt‘ri(‘need d(‘signers. There are 
many things to he taken into account. Fo’* 
example, the numbiM* of floating weft threads we 
weave together depends wholly upon the (piality 
of (‘loth we have to make. Similarly, t he lengtii 
of float , whether over tive, six, or seven warp ends, 
depimds on tin* length of pile d(^sir(‘d. 'J'Ikvsc^ 
conditions materially di‘t(‘rniine tlu^ pattern to 
be udoyitedfor binding the floating w(?ft threads. 
One good rule may be given. Tho weaving of 
the ground weft threads sliould always be con- 
trary in interweaving witli tJu‘ warp at tlm point 
wliere they hind into the warp. 

Chenille. This is a pi'culiar kind of plush, 
or velvet ; it can hardly be called a cloth. 
Chenille is largely used in fringes of various kinds. 
But it derives an added import auee from tho 
fact that it forms the weft of tho Fat nl 
Axminster carpet. Weft and warp may be of 
wholly different lihres ; in tho ease mentiomd 
the weft is worst('d and the warp is linen or tlax. 
In tlio best chenilles the warp is sol gau/o 
fashion, but in groups of threads se{)u rated by 
exa ‘tly double the length of the fring(‘ we propose 
to mak(?. 'rhe Aveft is woven in tho ordinary 
way, floating bctw(‘en the warp threads, but 
otherwise interweaving with the warp in common 
gauze style When the web is (completed, the 
“ cloth,” if we may give it the name, is shorn 
through to tho mitre of every floating section 
of weft. Tlio product is fiiinly bound fringes, 
which may be twisted for various purposes or 
kept plain for use in the carpet loom 
{ 'nviinvvd 
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By Dr. A. J. HERBERTSON. M.A.. and F. D. HERBERTSON, B.A. 


The Japanese Empire. The Japanese 
Empire (101,000 sq. mili^) consists of live 
and 600 small islands, forming a double festoon 
from Kamchatka to Southern China. T1 e chief 
grou}>s and islands are (1) the h.irren Kurile 
Islands ; (2) Hokkaido or Yezo, tlu' most northerly 
of the larger islands, se])arated by a narrow strait 
from (3) Hondo or Horishiii, the iar« est island, off 
whicli lie (4) Shikoku and (,5) Kiiishiu ; while* (ti) 
the long Liiclni grouj) connects th(> islands named, 
which form Japan proper, with (7) Konuosa, 
taken from China in lS9o. The southern half 
of Sakhalin was added to Japan in 1905. 

The Japanese Empire stietelu's from tlu* 
latitude of Northern France to south of tlu* 
'Propic of (.’ancer, and varies in climate from 
tempi rate to tropical, moditied somewhat by 
oceanic conditions. All the larger islands lie in 
the monsoon area, and have abundant rains. 

Japan. Japan pioper is everywhere luoun- 
tjiinous, and large plains arc rare. The island 
li(‘s on OIK* of the great world lines of volcanic 
activity, and volcanoes, active an<l extinct, art* 
numerous. Of many extinct cones, the most per- 
fect is Fujiyama, the saert^d mountain of Japan 
(12,000 ft.). Owing to the abundant rainfall, 
dense forests cover three-fifths of the area. 
With the world's demand for timber rapidly 
increasing, as the supply decreases, this is a 
valuable national asset, and the Japanese wisely 
pay great attention to seientitic; forestry. The 
rivers arc numerous, but short. Though too 
swift for navigation, they serve? to float down 
timber, to irrigate the cultivated lowlands, and 
to generate power. 

Among the forest trees are the sago plant nnd 
bamboo, both foun<l as far north as Tokio. the 
lacquer tree, the camphor laurel, etc. Familiar 
trees are the pine, elm, chestnut, and beech. 
A beautiful tree is the crypt omeria, a stately 
cedar. Flowering shrubs arc everywhere, for 
Japan, even more than China, is a flowery land. 

Fujiyama. No one can think of Japan 
without thinking of Fujiyama, or Fujisan, which 
figures in every Japanese picture. “ Living at 
Tokio,” wrote Sir Edwin Arnold, “or Yoko- 
hama, or anywhere along the Tokaido, the 
southern road of Japan, you would soon see how 
the great volcano dominates the landscape and 
becomes an indisputable element in the national 
scenery. Far away at sea, when approaching 
Japan, long before the faintest blue line of cemst 
is discernible, there is seen hanging in the a^ir a 
great white symmetrical cone. That is Fuji. 
After you have landed, you will always b(* 
seeing Fuji from some garden, some tea-house 
gallery, some grove of cryptomcria, or thicket 
of bamboo There are loftier peaks, of cour.*<e. 


but there is none which rise's so proiully alono 
from the very brink of tlu* s(*a. 

“It is a circuit of 120 miles to go all round 
tin* base. 'Fbe lower })ortion is cult i vat t‘d to a 
lieigbt of 1,500 ft., and it is a whole proviiK'e 
wbieh thus climbs round her. From the border 
of the farms begins a rougli and wild but 
flowery woodland, which stretches to 4,000 ft., 
where the thick forest belt eonimenees. Above 
the forest ext<‘nds a narrow zone of dwarfed 
larch and juni])er. aflt'r which eonu's the ban*, 
hiiriit, and tt'iribly majestic? })eak itself.” In 
winter the snows extend half down the moun- 
tain's colossal sides, adding the last touch to 
its beauty. 

Japanese Agriculture. The lowlamls 
of Japan art* only one -fourth of its area, and 
only one-sixth of the islands is cultivated. 
Nevertheless, tlu* p()))ulati()u is very (It'iise, and 
agrieult ure is the chief oe(?upation. Many causes 
account for its success. 3^10 first is the laborious 
industry of llu* p(‘ 0 ])le, who ])rHetis(? spadt? 
eiiltivc.tion and till their farms with the care of 
gardeners. Secondly, no fertilising matter is 
wasted in sewage, so that mamin’ is abundant. 
The third cause is the prolific nature of the staple 
cro]) — rice. All rice lands an? denst*ly p4'opl(*d. 
The fourth cause is tlu? frugal habits of the 
people, who can subsist on a scanty dii't of rice 
and tish. These cause's have? hitherto enabled 
Japan to siip])()rt her largo population at honu* ; 
but the [>ressure is now la'gi ruling to lx? felt, 
and the Japanese, likt' the ( 'hiiu'se, seem destined 
to colonise extensively around tlu? sliori'.s'of the 
F^aeitie. Owing to tlu? value of land for agi’i- 
tultiire, liv<‘Sto(k has ru^ver been important in 
Jji])an, though h()rs(*s are now being bred for 
mililarv purposes. 

Japanese Crops. Hiee is the staple 
cereal, with wheat as a winter crop. I>arl(*y and 
beans are largely greovn. Most farmers breed 
silkworms, ^^ulber^ies €are ])lanted in row’s 
betwu'cn tlie crops, to which they give shade. 
Tea is the second .stai)k‘. It groiys well south of 
Tokio, and is found wild rm the hills of Kiushiu, 
Shikoku, and Formosa. Native? cotton is very 
short in libi’c ; American <*ottoii ha.s lx*en intro- 
duced, but the (h*mand of the cotton mills is not 
yet met. Tobacco is a ( Joverurmait monopoly. 
'Fruit is grown for (‘xport ; the clu-rry aiul plum 
have been ])lanted from time immemorial for 
the beauty of their blossoms. 

Fisheries. Tlu* s(‘a.s around Japan swarm 
with fish, and the shores are everywhere indented 
with good haKbours, while the wooded hills sur- 
rounding them 1 ) 10 vide timber for boat building. 
Nearly 1,000,0(X) families arc employed in fishing, 
and fish is a staple of Japanese diet. 
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Minerals and Manufactures, ('oal is 
loiind chiefly in Hokkaido and Kiushiu. Iron 
is abundant, but is not. found near coal. Petro- 
leum is widely distributed, and Japanese! copper 
is of Very fine cpiality. 'Flu* arts of Old Japan 
were no k'ss (‘xcpiisite than those of India, 
including wonderful lacquei’ work, porcelain, 
cloisonne, and othcT d(!Corative metal industries, 
painting and <‘iubroid(!ry. Within the last fifty 
years the industries of the w(‘st hav<* dev<‘loped 
rapidly. The hideous mill chimney is now e. 
eornnion sight in th(' exquisite* Japanese land- 
scape. With their frugni needs and extri- 
ordinaiy technical skill, the Japanese will soon 
become powtii'fiil rivals in the markets of tiu* 
world. Ozaka, on tlu* Inland Sc^i, is tin* 
Manchester of Japan. 

Japanese Towns. Hakodate*, in Hok 
kaido, near rich coalfields, is the oufli*t for tin* 
r(‘SOurc(‘s of that island. In Honshiu, the 


facing China. The (.'hiiu'si* form a. huge element 
in the population, cultivating sugar, rice, tea. 
indigo, fibre plants, etc., in the ])lains and valleys. 

The Philippine Islands. T'his archipelago, 
including l,‘2t)() islands ( 1 ir),0()() sq. mih's), tin* 
largest of whi(J'. is Luzon, h<*longs to tlu* Cnited 
States. All are mountainous, volcanic, densely 
forested, well wailcr(‘d, ai\d extrmni'ly fertile. 
Tobacco and Manilla- hemp are flu* most valuable 
products, hut all tropical ])roducc can he grown. 
Many tin* varied tribes ar<' at a. low l(*vcl 
of civilisation. The capital is Manilla, on Luzon. 

The Malay Archipelago. Of the 
innumerable islands w hich form this archip(‘lag(» 
(7S.‘L<M)0 s(|. milt‘s), the larg(*st ari! liornco. 
Sumatra, Java, and (\*l(‘hcs, all Dutch cxci‘pl 
])art of Horu(‘o : all are mountainous and volcanic 

The elimat(‘ is tropical. The (*<juatorial Ix'It 
has rain all tlu* y<*ar round, hut outside this hell 
the wet and dr^' .“Reasons arc* w(*ll markc'd. The 



capita] is Tokio, w ith many industries, including forests an* of tropical d(*risjty, and produce rubber 

shipbuilding and ehemical and engineering and other useful substances, which are eoll(‘et(‘d 

w^orks. The port is Yokohama, at the entrance by native tribes. Tlu*y fie the home of ajavs, 

to Tokio Hay, with an enormous trade. Furtlu-r f*lej)hants, tigers, and many <*x<|uisite birds and 

south is Nagoya, tlu* largest town on the Tokaido insects. Borneo, the largest island, is as y(^t 

line, which (Wnecis tokio with Kioto, the little dcvelo])cd. British Borneo, in the north, 

ancient capital situated near Ijakc Bhva, tho grows tobacco, colTee, and p(*p])er. Dutch Borneo 

largest lake in Japan. A fenv miles distant is exports tobacco, japper, sugar, rubber, ;ind other 

Ozaka, already mentioru*d. 'J’fu* chief port of forest j)roduee, (‘dihle birds jiests, and sliange 

Southern Honshiu is Kobe, on the Inland Sea. produci* of the S(*a, including 

fn Shikoku, Tokushima is a flourishing town. slugs, a Ohim*se delicacy, and tortoise shell, ihe 

The commercial centre of Kiushiu is Nagasaki, best cultivated of the islands is Java, with fertile 

a fine harbour, near rieb coaltields. volcanic soil, ])rodueing c()fi;e(*, sugar, l(*a, mdigo, 

Formosa. Formosa is mountainous in the caeao, tobacco, sjiiees, rice, and sc, go. I Im 

<*a8t, where the cliffs lise sheer 0,000 ft. from flu! c*apifal is Batavia,, the p*at emporium of trad(! 

Pacific. The mountains are densely forested in flu! archij)elago. llie products of Suriiafra 

and inhabited by wild head-hunting tribes. and (Vlebes are v(*ry similiar. Ihe .Molueesa 

Camphor is the chief product of this region. The Islands, between Celebes <md New Guinea, pro- 

western half is a lowland with good harbours duce cloves and other spices. 

Continued 
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CHROME AND OIL TANNING 

Chroming^ Solution. Departments and Method of Chrome Tanning. Fat- 
liquoring. Sumach Tanning. Tawing. Alum Tannage. Oil Tanning 


By W. S. MURPHY 


IN their seareh for new and qiiieker methods of 
* tanning, Uaithcr maniifncturers have tried 
many substanccvs, and one of the most important 
I'esulta of tile (piest is the proeess known a,s 
chrome tannituj. Invented as early as ISoS, 
the proeess can iiardly Ix^ said to have settk'd 
into a uniform routine, many tanners claiming 
to have devised speiual processes of their own. 
Practically, however, this may he regarded as 
a liarmless and not altogether despicable vanity. 
The workman who n^fiises to follow others in 
a l>lind routine is entitled to Jay a flattering 
unction to liis soul, if ho can find it. 

Chrome Tanning. Chrome t anning marks 
tlu^ definite entrance into prai-tieal knither manu- 
faetun* of the elunnist and the engineer. It is 
a chemi(’al jiroeess ehemically controlled, and 
operat(‘d by maehirHuy. Jn 
some tanneries ehrome is 
eombiiied with vegetahl(‘ tan- 
ning, and the old pits an* 
use(i ; but that system is like 
the Citteinf)! once made to 
<;ombine wood and steel in the 
jirmament of battleships, and 
doom<*d to similar extinction. 

The chrome-tanning depart- 
ment of a great belt w'orks 
presents a fair picture of what 
the tanneri(‘S of the future •will 
be like. The open yard cand 
the tan pits are gone, and 
instead then; are tlu* n;- 
volving dnims, the whirring 
machinery, and a laboratory 
annexed. Cavallin, a Swedish 
apothecaiy, invented aproei'ss 
of chrome tanning; but it was not of inneh 
practical value, his use of iron salts making the 
iibro of the leatlu'r tender. Swan, the electrician, 
patented a process; hut he, too. failed to make 
it practiiral. Heiny.evliiig, a (Jerraan chemist, 
invcnto;! the first ehrome proeess to be of any 
practical use, in 1870. Though not a complete 
success, Heinzerling's process showed the way 
to other and successful inventors. The first 
adaptation of the principle which became 
really industrial w'as devised in America by 
a New York chemist named August Schultz, 
in 1884. Thi.s patent was brought over the 
Atlantic, and successfully operated. Sub- 
sequently. manufacturers of tanning chemicals, 
British, (JermjM), and American, patented chrome 
mixttires, and sold them to the trade, wdth 
directions, thus uuiversalising the process. 

Chromiittn is x metiP derived from chrome 
iron ore, our supplies of which are chiefly found 
in the ShetlMid Isles. The metal is grey in colour, 
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very fusible, and combines readily wdth many 
(itlier chemicals jsee (!iiemtstry]. Leaving aside 
those scientific details which must be studied 
in the laboratory, we come to the actual opera- 
tions of the working tanner. He gets the mixture 
all ready, and his busini'ss is to work it properly. 

Departments of Chrome Tanning, 
(’hrome tanning, as generally practised, involves 
three processes : (1) chroming ; (2) neutralising ; 
(3) fat-li(pu)ring. The chief tool of the chrome- 
leather tanner is the drum [6j. This is a huge 
harrej-shapial wooden cylinder, 10 ft. in dia- 
meter, the inside i;i re ii inference studded with 
shelves projecting inward, like the paddles of a 
waiter- wheel. On tin* spindle which drives the 
drum thri'e spok(‘s art; tlxetl. By nu'sms of the 
s])ok(‘s and tin* ]){uldlcs the hides are tossed to and 
fro in I he Ihiuor. The drum is 
partially fillixl with liquor — 
about 10 lb. chrome alum to 
100 lb. of pelt— and the hides 
plumped in ; then the door is 
closed, and the driving belt 
fiut on. For as long as seems 
n<;eessary the drum keeps re- 
volving night and day. and 
tlu; skins come out yellow in 
colour and impregnated with 
chrome. 

Removing the 
Chrome, liie goods are 
now tanned, but the acids in 
tlu; (iironu; would tpiiekly oat 
into the fibres if left free to 
act. Several mixtures arc 
rccomnumded as elTicicnt neu- 
tralisers ; but our old friend 
boric acid, b(‘sidc being familiar. Inis the merit of 
acting tpiiekly and tdfeciivcly. Having been 
washed m ivarm water to take out the intense 
yellow tint, the hides are placed in the neutralis- 
ing drum, and it is set going on its round of duty. 
'Phe composition in the drum varies greatly, but 
the best authorities advise 1 part of boric acid 
in 200 parts of w^ater. 

Fateliquoring. In ordinary vegetable tan- 
ning, the application of fat or grease is con- 
.sidered the business of the currier, or linishor ; 
but fat-liquoring is an integral part of the chromc- 
t aiming process. If alloivcd to dry after coming 
out of the neutralising drum the leathers would 
become hard and stiff. Flexibility in light 
leatheiv. and in all classes of belt leathers, is an 
essential quality. The liquor is an emulsion of 
soap and oil, in warm water, the proportions 
varying with the kind and quantity of both 
ingredients. Castor, cod-liver, and olive oils 
emulscd wnth soft soap, curd ^ap, or wool 
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grease, give the best results ; bin If lie wants 
cheaper oils, the tanner may experiment with 
any mineral oils and alkaline soaps he fancies, 
and work them in thi' drum [7]. The mode of 
opi'ration is simple, tlu^ great point biding 
to ki'ef) the hides constantly immersi'd in th<‘ 
(‘inulsion, thus securing thorough permeation, 
(.'hrome h'athev tanning produce's a very th'xible, 
tough leathei*, specially serviceable to tlu' 
ma{!hin<*-l>elt maker. l:nlike most otlua’ mineral 
tannages, the chrome-tanned leather do(‘s not 
stretch, and this, it is obvious, must he legardisl 
as the highest (juality for thi‘ ])urjiose na.m(‘d. 

Sumach Tanning. Tlie aim of sumaeh 
tanning is not so mueh to product* hard-wearing 
leatht'r as leatlita’ that will remain imalVeeted 
by almosphirie and noxious gases, ffenee most 
of the leathers which have come down frtim 
antient liintss ha-vt* been sinnacli-tanned. It is 
a. curious fact that this soft leatht'r, almtist 
fragile, lemains imltiuelietl by sunlight, gas, or 
ehaiige of tern })era lure, while tin* sttilitl, strong 
solt; leather crumbles undt'r the rays of tin* sun. 
Manufacturers who specialise in bookhintling, 
upholstery, anti ornamental lcalht*rs. athipt tin* 
sumaeli process. It is very st'ldtmi that tlii-^ 
tannagt' is empl()yt‘tl t)n any but the lightt'r 
skins, sKeh as calf, goat, sheep, and seal. As has 
been alreatly slitiwn, tbest* skins pass througli 
the proet'sses of jau'ring and drt'iiebing, coming 
to the sumach tanner white anti soft. 'I’bt? sumaeli 
litpior is wjiriu, anti t'itber in a drum or a small 
tank w’orkt'd witli inside jiaddlt* |8J the skins are 
permeated with the siiinaeh. For many genera- 
tions the tamuTs of tiu* East have practised a 
method t)f sumach tanning which has been 
ado]itcd to a ctmsidcrahlt^ extent in this country 
and in Amci ica. 'riiis is tt) st‘w' the .skin in the 
form of a> bag, flesh side out. It) fill the hag with 
sumach litpior, anti to let it fitiat in the tlrum or 
tank till the weight of tlu* skin lias expcllt'd tin* 
litpitir frtini tlic hag. Somt*limcs the litpior is 
expelled by sitiw prt*ssurt*. 'riiis jutiduccs a 
lt*athcr with a soft, velvety tct*l. 

Tawing. Kid ami glove leathers are ehit*lly 
jirtiduccd by what is ealletl the tilinn or tamnj 
})roe(*ss. Lamb, calf, ami kid skins are treatetl 


in this way. Young and tendtu* as they are, 
tht'st* skins must ht* gt*ntly treated. Two methtals 
are adopted, with minor variatitms, the omr 
being mtirt^ gt*nt*rally empltiyt'tl tin calf and kitl 
skins, anti the tither tai lamb skins. At the risk 
t>f slight rt'pt'tition, wt* will gti rapidly through 
both prtieesses from start to linisli. 



7. TANNKRs' AND (.ITllRIKIis' DRIM 


Tawing Lamb Skins. If fht* skins havi* 
h(*t*n drit'tl. tlu'V must he stt*t‘ped in etild watt*r 
foi- thrt't* (>!• four days, ami lht*n workt*d on the 
beam with a blunt knife to inakt* (ht*m pliable 
ami tt) o})t‘ii tml tlu* lihrt's. When math* siipplt , 
file skins art* strt*teht‘tl on hoards, flesh sidt; up, 
and coated w ilh milk of limt‘. LaitI in })ilt‘s, the 
limetl surfaet's in contact., flit* skins arc lt‘ft tor 
ahtmt tt*n tlays, when luith the fat glands on tin*, 
inside ami tin* t'pidi'rmis on the tmtsidi* will 
havt* h<*en thortuiglily lt)os<*m‘tl. With a blunt 
knife, on fht* ctmvex hltiek of wood we ti'rm the 
he nn [2. pagi^* 2S.‘)4|. tlu* skins are divt'sted tif 
hair ami w'asht'd in weak liim'W'at(*r. Taken out 
again, tht* pt'lts art* run tiver tin llie ht*am on tlu^ 
llesli sitle w illi a knift*, ami fret*tl from tht^ (l(*sli 
and inner et*llular tissm*. Washetl tmee imirt*, 
they art* pu(*r(*d in a eonetielitin of dog’s dung, tir 
erodiii. aiitl mnv lit'eoine xifl, vt*lvety, and llaeeitl. 

Fh'sht'd carefully |9] to reniovt* any exert s- 
< t*nt*es whieli may havt* t sea])<*tl the first 
llesliing, the skins an* riiist*d in warm 
water, ht‘att*n, [laddlt'ti in etild water, 
and /a/f/ot/ — that is, wairlo'tl tivt'r tht* 
beam with Hat platt'S of vulcanite to 
remove any fat or linu* eompoumls 
that may havt* lemained. Ntiw they 
are washed, anti llit'ri pass intt) tliti 
drench -tul), wht*re the liian lerment 
s('[)aratt*s liiieJy tht* fihrt'S for tlu* alum 
tauiiag*. 

Alum Tannage. At this ^itiirit. 
a dilTerence. hotw'tien tlm ])rat tiet*s f;f 
Setittish and Fnglisli ianntM’s must lie 
nott'd. Fnglisli tanners make up tme 
tawing litpiid, and the Scots makt* two. 
The lattt*r process is the slow'(*r. A 
liquor is made up of alum, salt, an€l 
water, the strength depending on the 
iliiekness of thti skins to he tawetl, 
and thiough it the skins arc drummed. 

.‘11 (W 



8. TANNIXG IN SADDLES 

These iiJu>toK»-ni>JiH voTotnkeu In Klsuick LniMuT Works. Nt-wcM^th 
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After this, the paste, consisting of flour, wheaten 
hran, and yolk of eggs, is put into the drum, 
and the skins worked till they have absorbed 
ncai-ly the whole of the paste. In English tan- 
neries, the x>ractiec is to make a mixture in the 
following proportions: [) per cent, flour, 2*5 per 
cent, alum, 1 per cent, salt, the yolks of 25 eggs, 
2 oz. of olive oil, and 1 J gallons of water to every 
100 lb. of wet pelts, "flhen the whol(‘ is mixed 
together, the water being at 100"’ F., the fl<nir 
in the form of a smooth paste being addt^d first, 
and next the oil and the eggs w'ell beaton to- 
gether, and Anally the alum and .salt. The pelts 
are put in thi.s mixture, and the biwung done in 
single operation. The lini.shing processes for all 
tawed leathers is almost the same, and we shall 
therefore treat them in a Anal paragraph. 


and softened, the calf skins are limed in fresh 
lime in the style of the largo hides, unhairi'd, 
w ashed, and w orkt*d on the beam. "Phe drench- 
ing dift'ers from that, applied to lambskin, 
b(‘ing done more thoroughly, as a partial 
substitute for puering. Tin* above mixture 
is also applied to the ealfskin, but the proce.ss 
of tawing is long<M-, because of the greater 
thickness of skin. When fully tawed, the skins 
are allowed to lie a day or two in a tank, to let 
them take up all the mixture they ran hold, 
and, when partially dry, split on the band knife 
liO], to be des(!ribed in a later section. 

Ageing and Finishing of Tawed 
Goods. Tawed leathers are dried in a warm 
atmosphere, though not too (juiekly. When dried, 
the leathers are liard and horny, and to sofl<Mi 
them a process of stakint/ f ll'\ is carried through. 
Small skins arc slightly clamped back and 
W'orked vigorously, flrst over a blunt blade fixed 
in a post, and then under a rounded blade of 
hard wood called a knife, because of its 

shape. St‘veral ^’mes the skins are damped 
back to ease th^ fibres and allow them to stretch 
without breaking, ami .staked over * again. 
Lambskin and calf kid are staked on machines 
of various shapes, the most common being tho 
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Slocomb, a two -armed tool, the one hand holding 
a pair of small rollers and tho other a pair of 
blades, working backwards and forwards, at 
each turn letting the leather slip a little. When 
the workman is satisfied that no more staking 
need be done at this time, the skins are put away 
t>o age, or season, for a period of about three 
months, to Ax in tho alum of the tawing mixture. 
In t ime the skins are brought out again and wetted 
throughout to take away all the superfluous 
tawing matter, and to soften for tho dyeing. 
Then the leather — for it is no longer skin — is pnt 
into a mordanting bath of soap and ammonia. 

Dyeing. The common colour is tho yellowish 
flesh tint, and this is mad(‘ up of two-thirds 
logwood and om^-third fustic, with a small 
addition of soda. When dyed, the colour is 
fixed by the application of a w^ash of iron liquor. 
When dry, tho leatlu^r is staked again to take out 
the stiffness tho dyo may have imparted ; then 
it is rubbed over the grain or hair side with a 
mixture of oil and wax, and ironed with a heavy 
flat iron or })assed under a brass roller. To the 
ordinary eye the leather seems 
quite finished, hut w^e know' 
bettei’. The gloss is not per- 
manent, and to make it so 
we take a mixture of olive 
oil, tallow, be(‘sw'ax, resin, and 
gum arahie, and glose it all over 
tho surface of the leather. This 
Axed by glassing, w’e give each 
skill a rub up with a flannel 
dusted with French chalk, and 
our goods are ready for the 
glover, or whoever will buy. 

Oil Tanning. Vegetable 
and mineral tannings produei* 
leathers with a certain quality 
of lirnmess, w'hieh, though highly 
necessary for boots, saddlery, harm^ss, and driving 
belts, does not suit pur])oses requiring a material 
combining softness, mobility, and strength. 
Tawing ])roduees soft leathers ; but that process 
adds little, if anything, to the strength of the 
skins, and is hardly applicable to heavy hides. In 
a word, we want a leather tupial in most respects 
to cloth. George Fox, it is true, made himself a 
suit out of ordinary leather ; but George was a 
kind of martyr and stoic, and that class of man 
is never suflieiently numerous to keep an ordinary 
tannery going. J f leatluT is to be w'orn by ordinary 
mortals it must, be soft, warm, and comfortable, 
as wxfll as more durable than woven cloth. 

Perhaps the modern leather manufacturer 
should have left the clothing market to the 
rivalries of textile workers, though it is risky 
to venture such au asptTtion. Modern com- 
j3Gtition drives industrial enterprise to great 
lengths ; w hen we see papier macho offered in 
lieu of steel for w^aggon wheels, and spun glass for 
silk, it is possible to believe that any industry 
may encroach on the domain of any other. 

Soft Leathers. Tho modern leather 
manufacturer, however, was spared the trouble 
of initiating the soft leather industry, that 
wdiich enteis into competition with certain cloths. 
At tho time when the textile w’orkers were just 
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beginning to learn their eraft in 
Europe, the leather men were sup* 
f)lying their fellows with clothes. 

Ft was soft leather Achilles wore 
under the armour he donned to 
avenge the dc'ath of his friend 
Patroeles in that momentous 
struggle betwe(‘n the East and 
th(^ West long ag('s ago. Nearer 
to our time, and more certainly, 
the n)ail*clad warriors of im^dbeval 
Europe shi(‘ld('d their skins from 
the hard and cold steel clothes 
so fashionables then witli under- 
clothing of warm <*hamois leather. 

Tlie seert^t . as we hav(‘ hinted, was 
discovered long ago ; veuy early 
in European history men learned 
that th(^ skin of the litth' <leer 
living on th(^ higlua* slopes of 
the mountains of (Ireeee, the 
fastnesses of the mountains of 
Switzerland, tlu^ Balkans, and 
(Vntral Euro]>e, could lx* nnuh^ 
into a soft and durabh' covering. We. live in 
the days of tin* far-ilying ladlet and the street 
constable, and tl»(‘ soft leather that saved 
knightly skins from the abrasions of armour- 
joints noAv ehielly serves as a kind of superior 
washing cloth. Jt is used for purposes inon^ 
dignilied, jxu'haps, but that need hardly con- 
cern us. 'Pile ini|x»rlant point for the leatluT 
iiianu‘fa(tturei’ is that there is a constant and 
large market for his product, whether it be 
used for washing windows and cl(‘aning silviT 
or for lining tlu^ (‘rowns of sceptred kings. 

Principle of Oil Tanning. Oil tan- 
ning is based on the fact tliat c(‘rtain oils 
combine with the fibrin of skins, and a(^t, not 
only ns ])resorvatives, like other fats, but also 
as strengtbeners of the. libre. Most of our 
chamois leather is now derived from th<‘ split 


vkin ot the .'het‘p. W(‘ liaAi* not (hsilt fully 
with th(‘ s})Uttiug of skins liithertc), Ix'cause 
splitting is a linislung prixs'ss in this country 
for the most part. British tanners jneter to 
split the hides after they are finished. Sijftic(^ 
it fo say, at presfmt. that for lh(‘ purpo.ses of 
th(‘ gIove-](‘atii(‘r mak('r and the Jiiariufaetun*! 
of pareliment sheep skins ai’c s()lit by nu‘ans 
of a l>and kriih*. 'Phe giain sale of the skin is 
taken for tlu^se purposes, and tin ll«‘sh Jialf is 
given over to the oil tanning tlepartment, for 
the pnxluelion of what, is It'ehnieally called 
fva.'ihfrafhrr. 'Plu‘ splits have alri'ady been 
linuxl and washexi. and the first thing the 
shamoyer does is to ( hxii’ away tlu‘ fatty inner 
lav<‘r witli a sharp knife. The o})eration is not un- 
like ll('<hing, but the knife is loH-mu* and drawn 
with sliarper force. s( ra)»iug aA\ay all the fatty 
1 a V (‘ V . H a \ i n g h e n 
thoroughly dnnehed in tlu' 
bran lernuud, the skins, as they 
may Ix'ealhxl, are drained. If 
allowt'd to dry in this staUx 
tlu'y would beeoiiu' as stiff as 
hoards. 

The Fulling StocKs. 

To mak(^ the skins Ilexihle, W(‘ 
])ut them int,o tlu‘ luUimj 
.storks [12], those elt‘plu\nline 
wooden legs that heat, beat on 
the sloping trough and drag the 
skins along hit by bit, jxjunding 
them into Ilexihility. Otlux* 
models of fulling machines are 
now us(‘d, the favourite form 
])eing a pail' of wheels that 
oscillate on each other. 

'Phe skins do not. go into 
the fulling machines alomx If 
they did tluvy would be beaten 
to fragnumts. WaU'r as an 
(‘inollient .’s out of the rpie.s- 
tk)n, as wc shall presently see, 
and, instead, a layer of soft 
3 Km 
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sawduBt forms the base on which the strokes of 
the stocks descend. In addition, however, the 
British shamoyer adds the cod-liver oil, which 
is his tanning medium, while the skins are 
going through the stocks. French and (ierman 
workers take a different way ; but we add 
slowly the oil to the skins while they are 
being beaten. Every now and again the skins 
must be taken out and hung up in a warm room 
to avoid too great heating through fric*tion. 
When the skins are out to recover, it is wc‘ll to 
coat them all over with the cod-liver oil, and to 
see that no hard bits are left ; otherwise, the 
leather will he s])otty and irregular. 'Jhe stocking 
must he (’on tinned 
for many hours, till 
ev(‘ry fibre of tlu‘ 
skins lias got as 
much oil as it ran 
carry. Thc^ Avorker 
may estimate how' 
the process is jiro- 
eeeding hy the 
gradual disappi'av- 
anee of the limy 
smell, an d t h e 
emanation of a pun- 
gent mustard - liki* 
odour from the skins. 

Heating. When 
sure that tlu‘, skins 
are thoroughly satu- 
rated, the workman 
stops the stocks, and 
takes out the skins, examining each one care- 
fully, then laying them in boxes to heat — that 
is to say, the process of oxidation of the oil 
sets in. At first great care must he taken lest 
the heat should gather too (puckly and burn the 
fibres. It is a safe rule to take out the skins 
after they ha V(* lain a short time in the boxes, 
and lay them out on an open floor to cool. Do 
this at intervals till the skins cease to give off 
the pungent odours which bring the water to the 
eyes. • By that sign alone it is evident that 
oxidation has ceased, and tluit the skins have 
been tanned. 

Washing and Bleaching. Now' the 
skins are ready for washing. First, however, w(» 


should try to recover some of the valuable cod- 
liver oil which lies iinabsorbed by the skins. In 
the old days, English manufacturers simply 
w'ashed the skins in strong lye, and recovered 
the oil hy the use of acids ; but of late a more 
economical method has been adopted in many 
factories. The skins are steeped in hot w ater, and 
put under the hydraulic press, recovering a 
quality of oil w^hich passes into the market as 
degra^H. Next, the skins are put into a bath of 
washing soda, and washed thoroughly. While 
yet damp from the washing, the eluimois or wash- 
leathers are laid out to bleach, watered every 
now and then with a fat liquor, or an emulsion of 
degras. The bleach- 
ing leaves them of 
a fair white colour 
if it he carried out 
thoroughly, though 
for the eoiumon 
wash-leather of com- 
merct' that is not 
necessary. It is an 
important quality of 
chamois, however, 
that it bleaches to a 
pure white if d(*sir(*d. 

Products ot* 
Oil Tanning. Oil 
tannage is used to 
p r o d u c e s e v i* r a I 
forms of leather be- 
sides chamois. In 
fact, the process is so 
simple and effective that W(‘ arc rather dis- 
a[»j)ointed at the slow' progrt'ss the process lias 
made. Buff leathers for military accoutrements 
are made from ox hide's hy this process, the grain 
side having been scraped off. (Uniously enough, 
tlu* reins and straps used hy the Boers of South 
Africa are ))rcparcd hy a kind of oil tannage. 
Out H]>irally from the raw' hide, and dip^x'd in fat, 
the thong is wound into a sk('in and hung from 
a cross- bar Avith a heavy’' weight at the end. 
EA^eiy now' and then th(‘ fat is applied and the 
twist of the thong changed, till all the water has 
been expelled hy the pressure, and fat has 
taken its place. By this means leather straps of 
great strength and durability are made. 


CorUinued 
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'T'OO much ini|)oi*lance can scarcely la? attached 
to th(i double-bass in an or(?h(?stra. It 
doubles the bass part of the violoncello and is 
the literal foundation, or base,” upon which 
rests tin? imtire instrumental superstructure, ft, 
is easy to understantl, therefore, why the smaller 
bowed instruments should he named aftiM* the 
great violoii(‘. 

Three and Four String Basses. 

There are two kinds of double-basses in general 
use. They are known as the English and the 
(Jcrnian. 'Plu' former is provided with three 
strings, an arched bass-viol bow, and is capable 
of great power ; whereas th(? latter has four 
strings, and a straight bow of 'cello pattern is 
used with it. Modern composers w'rite chiefly 
for the fonr-stringed bass, because? it can descend 
a fourth low(?r in tone than the instrument with 
three strings. The tem])tation of getting four 
additional bass n()t(?s, rather than consideration 
for tone (piality, has been the chief cause of 
the g«'n<‘rul ado])tion of the (hainan syst(?m of 
stringing. ^ 

Execution and Tone. Jhit the fact 
remains that a good player on the triple-strung 
English hass can <*Ucit a inon* telling tone? from 
it with the old-fashioned how than can the 
])erformcr on its (|uadruple-strnng Tentonie 
cousin. Advocates of th(' four-stringed hiiss 
(?mphasise that certain Italian makers originally 
planned the biggest pattern of fiddle to carry 
four strings. They argue that the rest (nation 
(d the fourth should not lessen tin? tone of 
the other three. But tliey eouveuiently over- 
look the fact that the reduetioii of the six 
strings to four on tlu? treble viol, during its 

Ex. 1. V cr If shwlif. 
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(?volulion into the violin, imnumsoly ('.nrielu'd 
its tone. 

Tin? beginner, whatever he do(?s lat(?r on, 
had l)(?tter lirst learn the English douhle-hass 
with Ihret* strings. An instninient of fair 
toiK? is obtainable in (beat, Britain, nowadays, 
for about £r». As soon as tin? student is able 
to h(?lp in an orchestra, he will find that, like 
the ketth'drnms, tin? society gt'iierally provides 
an instrument for tlu? doiihle-hass fdayt'V. 
Excepting in large ])rofessional orchestras, 
such basses have lhn‘(? strings. So useful are 
amateurs who can })lay this insliument with 
tolcrahh? reliance, that, in many sociidics, not 
only is a. buss hired for tlunn, l)\it, th(?y p.iy a 
smaller annual subscription than th(‘ otlier 
members. 

Attitude. On aeeoniit of the si/.(‘ of the 
double-bass, the ])(‘rform(a‘ stands to play. 
During kaigtby fnactii’e a uscdnl snppoit will 
1 m? atfordi'd by tlu‘ Nulge of a high stool, (b'asp 
the n(.?ek of the bass mair lbi‘ liead. place the 
lirst linger of tlu‘ left hand on tlu* midclle string, 
put the thnrnl) on tlu? opposite side of the 
neck iinmcdiat(‘ly mulcnuailh, and r(‘st the 
third and fourth lingt?rs on the third string. 
IMuec? lh(? hdl toe un(h‘r tlu? bottom edge to 
keep the hass at its proper angl(‘. Snpposi? 
the hrjdg(‘ of the instrument rcpr(?sents the 
e(‘ntr(‘ of a clock-dial and the neck its long 
minnti* hand ; if llu‘ latt(‘r points to tlu? hour 
of oiu?, tlu? angh? is coi ics-t. 

With the light hand tak(? up tlu? how’. 
Put the thumb on tlu? hair inside*, and iu?ar, 
tlu? nut. Best the otlu‘r fingers above the 
thumb on tlu? stick. The inslninunt being 
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at an angle to tlio player’H body, it would be 
awkward always to bow parallel with Uio 
bridge. It is therefore customary for tlie 
bow to incline downwards towards the bridge 
from the third to the first string. The point 
of the bow, when on the first string, should be 
just over the top of the left sound-hole. 

Tuning. Even as the pitch (A) of the first 
string on a violoncello is an octave below the 
pitch (A) of the second string of the violin, so 
th(» liarmonic A of the third string of the English 
double-bass can be tuned an octave below the 
A, or first string, of the 'cello. As this A is a 
very do<*p note on the bass, it is bi^ttiu’ to begin 
with th(^ first string. Tune this in unison 
with the (h or third, string on the ’cello. If 
the pitch is tak(*n from a piano, tune to the 
(jr, fourth space, bass clef. Instead of scraping 
forcibly, a less distracting method is to place 
the lips of the fingers of tlui hdt liand lightly 
on the middh^ of the string. 

Harmonic Sounds. This plan, when 
the note is bowed, will give the harmonic, an 
0 "tnv(? above the actual o})en sound. Having 
raised or lowered the peg of the string first 
until th(^ harmonic is in unison with the tone 
of the fourth string of the violin (O, fourth 
space, bass elef, on the piano) take the hand (»ff 
and bow the string. Its open sound Avill tlum 
be Cl, first lino, bass clef This gives w'hat is 
known as tlie tone of an 8 ft. organ pipe. 'Pune 
the second string to D, in th(5 same way by 
the harmonic, a fourth below the first. l..astly, 
tune the third siring to the Ifi ft. A, a fourth 
below the 1), This is the English method with 
the three-stringed bass. 

Unfortunately, there are other systems. 
Although violins, violas, and ’cellos are uniformly 
tuned to the same notes in dilTercnt countries, 
the Ereneh tune their three-string basses in 
fifths instead of fourths. This is awkward 
for the hand. In France, therefore, in phiee 
of the lirst. string being G and the third A, the 
tirst is A and the third becomes G. 

The bcginiuu* is warned not to ado})t the 
French method nor to lower tin; A .string to G, 
as is often done. When the double-bass is 
tuned, English fashion, in foui ths, the scale lies 
under the hand more conveniently. Moreover, 
when progres.s has been madti and the student 
tak('s up the four-stringed bass, he will find that 
instrument also is tuncil on the lirst, second, and 
third strings to H, G, and A in the way he has 
learnt. The new string will then he E, at a 
similar interval of a fourth lower down the .scale. 

Fingering. Tin* rea.son why tuning the 
bass in fourths instead of in fifths, as obtains on 
the ’cello, viola, and violin, is more convenient 
is beeanse of the greater length of the strings. 
These necessitate longer stretches of the left 
hand for stopping the ascending or descending 
notes. Thus, when four fingers are placed dost* 
together they represent the natural position, or 
an iiiterval of a iialf-tone. Tf, on the other hand, 
the fingers <o*o spr. id out, they oceupv the 
space necessary for stopping the interval of a 
whole tone. The student who grasps this idea 
has the fingering of the double-bass in a nut- 
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shell. When the notes do not occur on an open 
string, they are usually produced either by the 
first finger singly, or all four fingers together. In 
<louble-bass music, these methods of fingering 
an* indicated by Exs. 1 and 3. 

Play the open note of the third string, A. Use 
tlu* bow from end to end. Cfumt ten slowly. 
Then place the first finger tirmly on the sanm 
string ; at the same time sound the note B 
with a full how. (’lose the four fingers to get 
the half-tone abovt*, and with the next how 
plaj" (A Without pause, sound the open note 
of the second string, D. Play the E above 
with tlie first finger. 

But the })upil will perhaps say that it is the 
K below. It must be rem(*mbcred that tin* 
expression “ up " or “ down ” the fingerboard 
of the double-bass ref(‘rs to the ascent or descent 
of the tom* ; it does not relate to tlu* direction 
in which the scroll of the instrunu'nt poiiits. 
With tlu* four fingers closed to make the semi- 
tone above " F, play F. Uontinue on the 
first string, sounding the open G. With the 
tirst finger get the A above. S(‘parate the four 
fingers for the whole tom* B. Tlu* bt*ginner will 
now have play(*d a full octave and one note. 

I >esccnd tlu* scale by stopping each interval in the 
same manner. 

By changifig the order of these notes, the 
.stiid(*nt can familiarise* himself with the different 
intervals by a variety of exercises. Practise 
tiu'.se very slowly at lirst. (Cultivate a good tone 
rather than a rapid^exeention, especially in the 
lower register of the instr\iment. To play tlu* 
double-bass well rerpiires musch*. It is excellent 
for one's h(*alth, because it expands the chest, 
strengthens tlu* aim and wrist - in fa'*t, pro- 
fessional double-bass players are noted for living 
longer than any otlier class of musicians. 

Not a Transposing Instrument. In 
writing out exorcises, the student will note 
that all sounds for the bass are indicated an 
octave higher than their real pitch. Not only 
does this facilitate the reading of donble-bass 
miisie, l)ut it allows the ’c(*llo and double-bass 
parts to be indicated by the same notes, those 
for the former instrument having their tails 
turned up, and those for the latter their tails 
turned down. It is incorreet. therefore, to call 
the double-bass, as some pedagogues are fond 
of doing, a “transposing” instrument. Unlike 
tlu* Ac clarionci, or E? trumpet, wliioh 
transpose their sounds meciianically to other 
r(*gion.s of pitch, the double-bass always emits 
similar sounds to those written. The player, 
therefore, who is a purist, has only to imagine tlu* 
words “ 8ve lower” AVTitton over tlie bass part 
to .satisfy his conscience. If, as sometimes 
liappeiis, a composer writes below the possible 
compass of the double-bass, the critic can then 
mentally obliterate the words referred to. The 
double-bass will do its best by putting in the 
notes in unison Avith the ’cello. 

The Scales. Now take the scale of G major, 
with one sharp, F. Begin with the open note 
on the first string. Spread out the four fingers 
on the second string to get FjJ, instead of 
closing them, as was done for FJ. With the 
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firflt finger, make the next note, K. Then sound 
the open D. Bow slowly. Count, so as to make 
each stroke equal. With the four fingers closed 
on the third string, stop the C. Make the B, half 
fa tone lower, with the first finger, and the A with 
the open note of the third string. Tliis does not 
complete the octave, but it accustoms the player 
to the F( on the second string. 

Try the scale of C major.. Begin with the 
four fingers closed on the thii'd string. A.s 
before, get the D and E on the second string. 
For the semitone F above, close the four lingers. 
As previously, make the 0 and A on tlie first 
string. Separate the fingers to get thc.fh a 
whole tone above. To play the C, a semitone 
beyond the natural position of the liand, shift the 
latter up the neck (or down, in a gravitational 
sense) till the four lingers, close together, stop 
the sound. 

Alternative Fingering. There are alter- 
native methods of fingering these same notes. 
The student should familiarise himself with them. 
We refer to the first string, from G, fourth space, 
U) the C above and back 
again. First, there is 
the fingering already 
indicated. Secondly, 
play the open .string. 

Then stop A with the 
first finger. Carry up 
the same finger to stop 
B. Next, with all four 
fingers close together, 
play the semitone C 
above. Return in the 
same way. The usual 
plan is to play these 
notes, interchanging the 
first with the four fingers, 
by stopping the A with 
the first finger, the B 
with the four fingiu’s, 
the C with the first 
finger, going back to the 
four fingers for B and 
the first finger for A. 

But this system carries 
the whole hand higher than nee<*?Siiry up th<5 
fingerboard. In double-bass playing, one of the 
arts is to avoid wasting energy by su])erfiiious 
shifting of the left hand. Besides bcang un- 
sightly, it is fatiguing. It makes the jicrforiuanee 
uneven instead of, as it should Ik-, firm and clear. 

Hand Movements. Remember, thendore, 
not to move the whole hand about un profit ably. 
Practise slowly, and restrain the desire to run 
before learning to walk. So lliat the hand may 
Pomc into its right place witliout thinking about 
it, and passages may be fingered readily and 
correctly, the student must be careful to l)e right 
in his first attemj)t8. The road to success is 
by regular daily practice. A steady quarter of 
an hour of slow, strong bowing tliree times a day, 
with intervals in between, does more good than 
an hour’s unbroken practice, during half of 
which time the beginner may foci over-tasked 
by the unaccustomed strain on his muscles. 

To continue the double-bass when fatigued 
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and the liands are aching is unwise. At such 
a time, stop practising and give the muscles a 
rest. Then, with recovered strength, try again. 

Now try the scale of 1) major with two 
sharps, F and C . Begin on the second string. 
Bow the open I). With the lirst finger get 
E above. Put down • tlu^ four fingers spread 
out for the FjT. Sound the o])en G of the 
first string. Whether the bow makes a downward 
or sideway movement, take ear*^ to kfvp the 
right wrist free. Although, later (jn, the straight 
how of ’c^llo pattern may be used, the studi'nt 
wlio practises with the arch boAv should be able 
to get a greater amount of force of t(.)ne frofn 
it and attack the strings better. 

A Lissom Wrist. But the oll'eet w'ill be 
spoilt if this is done with a stiff wrist. TJie wrist 
aetirm must be unconstrained. Dragonetti eon- 
sidercid the arched bow su])erior to (hat with 
the straight stiek, and the pu])il ('annol go far 
wrouf/' who uses a bow similar to that of lh<‘ givMt 
Venetian double-bass player, who (‘dneat<‘d 
himself in the guitar and violin, and was ablt^ to 
take a ]ilaec in an or- 
chestra at the age of 
eleven. Froir thatp('riod 
he played th(‘doubl(*-buss 
eontiniK^usly for i»o few(*r 
tlian eighty years, newer 
getting tireci of it, but 
always revelling in its 
beaiiti<‘s. 

Having bo wo( 1 the o})en 
G properly, put down the 
first linger for A, spread 
out the four fingers for Ik 
stop with the lirst ling(T 
(he 0 ij, a whole (one. 
above, and })ut down 
(he four fing(‘rs eloR(*d 
for the stmitonc I). 
1)< '.seend tht? scale wi(h 
the same lingvuing. 

Intervals. Procied 
now (o ]>ractiso tlie in- 
tervals of thirds, fourdis, 
aiul fifths. First get 
accustomed to thes<) in the key of (k Not<; 
down all su<*h ex(u*eises on paper, and transpose 
them into t) major and I) major. By such means 
the student will get an insight into the (‘lenvaitary 
))rineiples of bass playing. W(* give sjH'cimens 
of exercises that can la^ easily supplemented. 

U ” (Umotes the up-bow% and “ 1) ’’ tlu* clown- 
how I Ex. 1]. 

Next, practise the major 8eal(*s which liave 
up to four fiats and five sliar]>s in their signatures 
[Ex. 31. 

To aeejuire facility in the necessary ships 
of the left hand up or down in diatonic passage's, 
persevere day by day with the cxereist^s given 
in Ex. 2 till they become automatic. 

Bowing. Now go back to the scaUss. Play 
every two notes witli one how, then ev^cry 
three notes with one bow. Making the tone 
a.s smooth as ix)ssible, try to get every succe.ssive 
four notes with one bow. Play alternately 
wfith an up and down stroke. Ikdermine to 
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make the voice of the instrument, deep as it is, 
sing out evenly with a cantabilc effect. 

Staccato. That method of bowing which 
is the reverse of cantabilc is done by separating 
each not(^ abruptly. It thus appears to be 
detaclicd, although the bow is not taken off 
the string. This is called staccato playing. 

Practise the scales systematically, repeating 
each note so as to make two short, abrupt sounds 
with each bow instead of one long one. Xext 
make three short sounds with each bow. Then 
Rlt«?rnato the (^antahile with the staccato style, 
by slurring the first pair of four not('s with an 
up'bow, and making the next pair cris])ly with 
a down-bow. Write out these exercises on music 
paptu% and go over the same gro\ind day by day. 

Time. It is lu'cessaiy for the student, 
wlien practising even the simplest studies, to culti- 
vate a sense of time. The doiibl<; bass is called 
the metronf)me (;f the orchestra. It is c.ssential, 
therefore, for the player of this instrument to 
he a good iimist : and to be a good timist 
lie must possess confidence. No double-bass 
player who distrusts himself can nai.sonahly 
exp(‘et the confidence of others. Tlie glory 
of tiKi double-bass ))layor is in bis strength, and, 
as hesitation is a sign of weakness, if he hesitates 
ho is lost. If he i>lays irresolutely, he may upset 
all (he other performers. (Cultivation of the tim<^ 
sense gives certainty to the student'.s playing. 
It is moT’O important to attack emphatically 
tlu' lirsf. note of a bar than to try tf) put in all 
the sounds prcceiling th(' conductor’s down 
beat and Ik? half a second late. The violins 
may flutter about like flags on a mainmast 
without much damage, but if the griait double- 
bass, representing th<^ keel of th<‘ vessel, is uncer- 
tain, the result is disaster. 

Rests. It is a good plan to train oneself with 
rest studies. Count carefully when practising, not 
only the notes Avhicli have to bo played, hut (ho 
signs wliieh enjoin silence. Pest exercises may 
Ik? engaged in profitably when the student 
Ix'gins to tire after a spt'll of vigorous bowing. 
Take the exercises already mad(* in various 
keys and substitute for certain of the notes 
their time e(|uivalcnt.s in rests Thus, if (he 
study is in common time, and each bar eonlnin 
four crotchets, arrange so a.s to play the first 
bar, keep silence dining the second, whiai the 
i*C8t8 must be counted earcfully ; play half 
the tlu’rd bar, counting two crotchet rests to 


Higher Positions. Consideration of the 
lest situation for the left hand leads up to 
the study of the higher shifts in double-bass 
playing. Tli<?se go by semitones, and are 
reckoned by each successive new position of 
the first finger. After the first finger has been 
properly placed, the notes above are stopped 
consecutively by all four fingers — closed or 
extended as the interval is a half or whole 
tone — the next note Iicing pressed by the first 
finger, and so on. Thus, by gliding th * hand 
backw'ards and forwards on the three strings, 
the same sound may be produced in different 
way.s, and changing the strings during om? 
stroke of the bow rendered unnecessaiy. W'e 
give tile ditT(*rent fingerings to show tlie notes 
that can lx? stopjKjd by the same digits on the 
.same strings [Ex. 4|. 

With the above key, the thoughtful student 
may eomiiilo exercises throughout tlie compass 
of two octaves, adjusting the lingering to 
enable him to take up any position instinctively. 

Pizzicato. A pizzicato effect is obtainable 
from every variety of instrument funiished with 
strings, except the pianoforte. On the violin 
its production is often brilliant in orchestral 
passages. Owing to the extent of the vibrating 
surface, (he effect of the jilueked string, however, 
is grandest on the double-bass. When such 
notes occur, they arc marked “ pizz.” To 
accustom th(' .student to pulling and letting go 
the strings witli tlu' right hand insteacJ of 
liowing them, and so obtaining the pizzicato 
sounds, a useful exercise is to jiraetise four bars 
with the bow, four bars pizzicato, and so on. 

Harmonics. Of less use to the orchestral 
double-bass playi'r, .save for the piirpo.se of 
tuning, is the proiluction of harmonie.s. Yet 
t]h?8c arc obtainable with greater facility than 
on instruments with shorter strings. By touch- 
ing lightly the strings of the double* bass at 
their different acoustical nodes, the series of 
overtones can be lixtended in a manner impossible 
on tlie violin. For solo playing those sounds 
are very effective, the so-called flageolet, or 
harp tones lieing exc.cpiionally beautiful. Never- 
tludess, the function of the double-bass in the 
orchestra is to sustain or mark the pedal or 
fundamental notes, whilst other instruments 
supply the overtones to those fundamentals. 
For tliat reason, despite the extensive compas.s 
of th(? double-bass, composers do not write for 


Ex. 4 



complete it ; omit, the fl’-st note of the fourth it above G, an octave over the open note of 

bar, counting a crotchet rest before playing the the lirst string, 

next three notes, and so on Douhh-basA amchded 
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earthworks of a railway usually aorount 
* for about a fourth or a fifth of the total cost 
of construction . T t is here th at t he great (‘st scope 
is afforded for skilful and experienced manage- 
ment. (-)no who contracts to build a railway 
will usually be found to succeed or fail according 
to the ability with which he effects the shifting 
of the earth. 

The actual conditions under which a raihvay 
is built arc never ideal. However typical the 
situation may be, untoward circumstances 
always interfere with whatever arrangements 
may have been made to build in a preconceived 
manner that aims at theoretical perfection. 

The builder of a railway must, therefore, 
ho resourceful in expedient, and his arrange- 
ments must he elastic. Makeshifts are his 
standby, his main ecpiiprnent, as a practical 
man. One who knows only how to proceed 
by perfectly (correct motliods is sure to come 
to grief ; and although it is impossible to ex- 
pound the infinite variety of makeshifts, wo 
shall not follow the usual plan of omitting the 
description of makeshift devices. 

Strength of Earthworks. Earth gives 
way by reason of the particles of* which it 
consists sliding past each other. This is pre- 
vented in tw'O ways : first, by any adhesion 
which may obtain between the particles, and 
secondly, by friction. It must be remembered 
in this connection that solid rock, wherever met 
with, is included in the general meaning of 
earthwork as well as ordinary clay, marl, loam, 
and such soil. In the case of solid rock the 
force of cohesion is, of course, sufficient to 
preserve the work in almost any form that may 
be given to it ; though it must be noted that 
rocks have joints and fissures, and that the 
material may slip where these occur. 

With ordinary earth the force of cohesion 
may also sometimes bo considerable ; but 
seldom, if ever, can it bo relied upon as a per- 
manent factor in the preservation of the work. 
It is in all cases greatly diminished by the 
presence of water, though often assisted by a 
moderate amount of moisture ; and certain 
clays, though hard and stiff enough when first 
excavated, become soft and pasty by mere 
exposure to the atmosphere. 

Natural Slope. The only force that can 
bo relied upon for the permanent preserva- 
tion of earthwork is the friction between the 
particles composing it. This is sufficient to 
maintain the side of an earthwork at a uniform 
slope, whose inclination to the horizon is the 
angle of repose, or angle whose tangent is the 
coefficient of friction. 


This angle difft*rs, of course, for every kind 
of earth, and is so variable that tables or in- 
formation obtained from books should never 
lx? trusted to dc?terinine the slojx? at which the 
side of an carthw'ork should he made. In every 
case observation sliould be taken of existing 
earthworks constructed of tiio same materiai, 
or, in default of these, the greatest inclination 
of the natural surface of the soil in the l(x.*ality 
may prove an even more satisfactory guide. 

For the purpose, however, of obtaining a 
general idea of the Miaviour of materials most 
commonly found, the following table may bo 
consulted. The first column shows the greatest 
height in feet at wliich the material can be 
expected to stand tcmj>orarihf. 'riu* secon<l 
column shows the greatest angle at which it can 
be relied upon to remain periuanently in rcj>osc : 


I. 

ir. 

Clean drv sand and j F’rpt 

Degrees 

gravel . . . . } 0 

3fi to 45 

Moist sand . . . . ! .3 to 5 

3(1 to 45 

Ordinary surface soil . . | .3 to 6 

‘25 to 40 

Common clay .. 9 to 15 

30 to 40 


Getting. The word getting is commonly 
used to mean the removal of earth from its 
natural position, to transport it in the manner 
and to the place required by the exigencies of 
railway construction. The mere getting of 
earth is most <‘conomical!y effected by m(‘ans 
of a steam navvy. The steam navvy, liow^ever, 
can be made to work only in an (economical and 
satisfactory manner when it can bo used agaimst 
a sheer face of earth. Ibaioe -as in most 
cases wdicro a cutting of earth is to be com- 
menced — the earth Ix'gins to rise gradually, 
and in many casc‘s v(?ry gradually, the depth 
of the cut being at the beginning but slight, 
and a good dtail of work has to bo done first of 
all by hand labour. 

Whatever recour.se may be had to machinery, 
there is always a great deal of hand labour 
re(][uircd in the shifting of earth for railway 
construct ion. Tlio cost of this by iis(‘lf amounts 
to a considerable sum, the amount of which is 
entirely dctermiiU'd by tin; skill witli wliicli the 
work is arranged. 'I’lie main feature of good 
management is to insure tliat all hands are 
always fully engaged, and that under no cir- 
cumstances have men to wait wliiJe their work 
is in preparation. 

Implements. The suitability of the tools 
for the work is also important. Even the 
common and well-kno^vn pick, unless it be 
adapted to the work in hand, will involve an 
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unncccHsary expenditure on labour. There are 
three kinds of pick in common use ; those 
most favoured are A and C in 1. Tn getting 
stiff earth the pick is used a great deal Jis a 
lever and is very liable to break at the junction 
of the handle with the steel. For this reason 
the pick A is most suitable under these 
conditions ; but that indicated by 0 is more 
suitable for all-round general work, and is most, 
favoured by workmen. Th<* piek 11 is most 
convenient for work that is Ic'vel umlor fwt. 
It. will be recognised as that most fre(piently 
seen in the hands of workmen mending macadam- 
ised roads. It is a ('ommon plan in America to 
plough the land ))efon‘ putting tlie men on : 
the object of tliis is to loosen the surface soil, 
thus avoiding the usi' of the pickaxe at all. 
Sue!) a method is, of course, only applieabh' 
where the depth to he obtained is very ‘flight, 
as, for example, oeenrs in eases where it is 
eonsiden'd d(\sirable that the surface soil should 
be nanoved b(*for(‘ commencing an earthwork. 

Shovels and Spades. Two kinds of 


is adopted directly the gullet — as the advancing 
cut into tho hill is called — is 4 ft. or 5 ft. 
deep, provided a proper tip-head is prepared. 
Tlie use of this latter tc^rm will Vie fully explained 
when we deal with the subject of tipping. 


Wheel, 
b arrows. 


Wr ^ The great 

^ point in the 

^ ^ design of a 

barrow' is 
the distance 

fro m t li c 

1. PICKS TJSKD FOR RAILWAY WORK joiniug 

the point of 

(‘onlact of the wheel and the ground to the 
handles. If this be too great, the workman will 
lind a. difficulty in balancing it, and the effort 
to keep it steady will diminish his daily out- 


shovel are recjuired, and they aie llnstrated put of w'ork. The distance in rpiestion should 

in 2. Tliey are not. of uniform size, the certainly not exc(‘ed 12 in. 

dimensions varying from 12 in. Hand Labour. A wheel- 

by 10.1 in. to 14 in. by l.‘l in. 'Phe barrow of .serviceable size is 

main differonee between them A — I shown in 3. 'Phe men wiio use 

is that J1 is provided with y ])ieks are called pick-men or 

treads — that is to say, an extra T {fetleri^ ; tho.se who use a shov'el 

piece of metal is placed on the are. called fillers ; and wdien 

top of the blade w'Iktc the wheelbarrows are irsed the im^n 

navvy places his foot to <lriv(‘ wheeling them are called 

the shovel into the earth. These wheelers. The number of getters 

treads lengthen the life of the ^ must be carefully proportioned 

shovel, cspeeially when used for to the number of fillers, and 

<ligging ill hard soil ; but for J the number of these to the num- 

sho veiling earth into barrows or her of wheelers, so that tho 


carts, the treads are superfluous 2. railw'ay shovet.s different groups may not have to 

and. by adding to the weight of wait for each other. 'Plic propor- 

the implement, cause an appreciable increase t ion of getters to lilh'rs depends upon tho nature 

in th(' labour of using it. of the soil. Tii comparatively new earth an equal 

A spade, including the handle, should not n umber of each will generally keep everyone 

weigh more than about G lb. The eai th, after employed. In a stiff clay, however, one filler 


being detached in manageable fragments by the 



3, w^hefj.rarrow for railway w^ork 


will clear away the getting of two pick-men. 
Only by ex|)erienee can a suitable relation be 
obtained. The proportion of the number of 
wdieelers to the niiml)er of fillers depends upon 
the lead — that is to say, upon the distance 
over w hich the earth has to be wheeled. As a 
general rule, it takes as long to fill an ordinary 
barrow as to wheel it. along a plank for 
100 feet. This, how ever, only holds good if the 
[)lank be level. If the earth must be wheelerl 
up an inedine, every foot of increase in the 
h‘vel must he reckoned equivalent to 6 ft. on 
the level plank, Tho lead .should be so ar- 
ranged that under no circumstances have 
loadt'd barrow^s to bo wheeled up an incline 
greater than 1 in 12, othorAvise the w^orkmen 
will not be expending their strength in an 
economical manner. 


piek is placed by means of shovels into either 
wheelbarrows or sm;.U eartvS, except where the 
cutting is sufiieiertly advanced for men to be 
able to til row Uie earth immediately into 
waggons running upon the rail. Tlic latter plan 
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Barrow Work. When earth has to 
he. tran.sported in barrows a greater distance 
than one wheeler can go while a filler is filling 
tho barrows the lead is divided into two, or a 
greater number of parts, as the case may re- 
quire. These jiarts are commonly referred to 
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as rune. Where the runs meet, the planks 
are laid double for a short distance. Thus, 
in 4 the barrow A is being filled, while the 
barrow B is being wheeled away full. Wlion 
the barrow B has reached the position B^ it will 
be left there, and C, the empty barrow left by 




TRANSPORTING EARTH IN VVHEELBARROW.S 

the .second wheeler, w'ill be taken back to be 
refilled by the first. The second wheeler, mean- 
while, having placed the empty barrow 1) ho 
is now taking back in the old position C. will 
take on the barrow B from its position at B‘. 
In the figure the barrow.s are shown turned in the 
direction of movement ; but the English labourer 
docs not so turn his barrow, but trundh's it 
behind him when returning with it empty. 

The Steam Navvy. As soon as a cutting 
has been pushed forward by hand labour suffi- 
ciently far into the hill to give an approximately 
vertical face about 12 ft. high, 
a steam navvy [see page 1822] 
may usually be in- 
troduced with econ- 
omy, and all furtluir 
getting, filling, and 
barrow work, except that 
required for trimming the sloix^s — that 
say, bringing them to their ultimate iirofile — 
is done by its means. 

The steam nav\^ enables quicker progress 
to bo made than is possible by hand la1x>ur, 
however great a number of men may be available 
for the work, since it is impossible to get more 
than a certain number of men at w^ork upon a 
face of earth at the head of a cutting ; and 
by means of the steam navvy the earth is 
excavated very much more quickly than it could 
be by this maximum of men. Its use relieves 
the contractor of the necessity of getting to- 
gether so large a number of men, and of 
housing or otherwise providing for them in 
out-of-the-way districts. It further renders 
the contractor or constructor of the railway in 
a great measure independent of strikes in this 
department of his business, so that less time 
is lost in disputes about wages. Thus, when 
a steam navvy has once been got fairly to 
W'ork in excavating a railway cutting, it may 
generally be relied on to continue at a uniform 
rate of progress until the excavation of that 
cutting is complete. 


the capacity of the bucket .should not exceed 
1 cub. yd., and may have to be oven less in order 
to reduce the liability to accidents. The number 
of strokes or digs that can lx? cfiecUd in an 
hour is between 50 and 70, and the average is 
about one a minute, allowing for all the delays 
involved in moving forward the machine and 
in laying fro.sh rails, etc. I’his gives approxi- 
matx?ly 000 bucket-loads per day of 10 hours. 
Under fairly favourable conditions a steam 
navvy will excavate a cutting 20 ft. ih'op, 50 ft. 
w’ide at the top and 40 ft. wide at the bottom at 
an average rate of 8 lineal yd. |x*r day. As to 
the cost, it is to a great extent a matter of wages. 
Tho machine requires a wheelman, a fireman, 
a man at the top, a ganger, an engine-driver, and 
eight other men to allow for handling the waggons 
and for shifts, so that altog(^lher tho cost of 
getting and clearing away the earth with the 
help of the steam navvy is about £5 a day in 
England. 

Manner of Working. To ensure that 
the machine shall be kept working at a maximum 
output, careful attention must Ih' giv(‘n to the 


5. RAILWAY CUTTING WITH A STEAM NAVVY 

provision for goHing rid of the excavated earth. 
The most effective way is to provide double 
rotads, one on eiieh side of the machine, and 
branching out from a central road. Immediately 
Ix'hind the machine these roads should be con- 
nected by two short crossover lines [5]. 

A line of empty waggons is kept on tho central 
road between the two side lines, and on each 
side of tho line of waggons is a man tending a 
horse, by the helj) of wliieh an empty waggon is 





— 




p 



Output of the Steam Navvy. Tlic 
output is, of course, gi’eatly dependent upon abRxVNgement for steam navvy work 
the nature of the earth. For hard stuff a 
small bucket must be used. But in most cases the 
bucket attached to the steam navvy may be of 
cub. yd. capacity, and in loose earth or sand 
a bucket of or even If cub. yd. may be used 
with advantage. The most disadvantageous 
material to wwk is stiff clay containing large 
stones and occasional boulders. In such cases 




brought forward from the line on the central 
track over the short cros.sover line anti alongside 
the machine. As soon as a W'aggon is lillctl, it 
is run back along the branch, another empty 
waggon meanwhile having been brought uj) 
alongside the other side of the machine from tJio 
central track. Thus the empty waggons are 
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continually being removed from the central track Getting the Waggons into ^ Position* 
and pasHcd (filled) into the branch lino. EacJi In working along a side face, as in the case 

engine bringing a t rain of empty waggemg pushes just described, there are two ways of getting 

them up the central track ami leaves thcln there ; empty waggons into position. First, a train 
it then goes back and passes on to the branch line can be drawn up alongside the navvy, and each 

to take a load of fiill waggons out of it. truck as it is tilled can be pulled backwards 

Th(‘ short crossover lines imm(Hliately Miind by the locomotive, so as to bring the next 

the steam n«vvy have to be continually moved one to the right position for receiving the 

forvvjjrd as the steam navvy works its way through contents of the bucket. This method has the 

the cutting. It will liavc been noticed that only advantage of quickmiss, and eliminates the loss 

cin])ly waggons an* passed over them, and under (p{ time alluded to. In practice, liowevcr, it is 

these c-ircinnstanccs it is not surprising that the not found satisfactory, except in the hands of a 

roughest makeshifts arc found to bo economical. very skilful engine drivtu', and w'ith a bettor 

Waggon Provision for the Navvy. track than is commonly laid for the waggons. 

A common arrangement is shown in 6, ^ 
tlm details of which :vre tak(*n from actual i 
practice. Tlu* Maggon is suppose*(l to be • 
going in the direction indicated by the arrows. J 
1’hc front right wlicel i*omes first into contact 
with tile block of wooil 1 at A in the drawing, 

'I 'his block is shap('(l like* a wedge. TJie flange • 
of the wheel of the waggon rolls up this 
W(‘dge until the bottom of the flange is 
on a level with Hie top of the rail. 

Further progress at A is then checked, 7. railway cu'rnNG as i.kft ry steam navvy 
wliile the left wheel rolls round 11, 

coming up a similar inclin(*<l jilane to that alr(*ady Under ordinary cii’enmstances, the engine-drivTr 

d(*scribed at A, h(*eanse tlie rail it has to mount will fail to move the train just the recpiisitt*. 

is at a higlier level than that it mnsf, leave. 'Fo distance for bringing the succeeding truck into 

prevent the wheels making off bodily to the the right position to la* tilled. The steam navvy 

right and leaving the line, block 2 is placed at B w ill then possibly miss a truck, the movement 

to keep the flange in position. Both the blocks having been too great, or a great deal of earth 

2, 2, at A and B now help to divert the wheels so may spilt upon the track hccansc the bucket 

that th(^y drop down upon a crossover line cannot be brought }n*operly over the misplatu'd 

with a jolt. It will be seen from 6 that waggon. 

according to this aiTangcm(‘nt the jib of the i’he second nu‘-thod is to store the empty 
steam navvy has to he swung round a minimum waggons behind the navvy, very mueli in the 

distance at caeli strokes the earth obtaiiUMl by same way as was described in 5, though there 

each sweep being delivered on its own side. can be only one branch line. Of course it is 

The gullet thus madi? may l)e run to a deptli of hot so convenient, but on the wliole tl)i8 method 

as much as .‘10 ft. in loose ground, but the most is more often used than the former. 
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8. RAILWAY CirTTlNG, 


GALLERIES 


economical depth is 2.5 ft., because at this 
depth the machine has just reach enough ^ 
to make the cutting of standard size? for j 
an ordinary two- line railroad of the usual / 
gauge. It is in / 

making the cutting 

very much nar- 

ro w^(*r or v(*rv m uc 1 1 (7 ~! 

broader tluin this 

that extra trouble 

is involved. When ^ ' 

the cutting is nar- bailway cirTTiNG, 

rower there is not galleries 

room for a line of 

waggons on each side ; and w lu'n it is broader, 
the n.avvy is unable to reach bt)th sides at 
the same time, and, emisequently, aft<*r being 
run forward as far as the circumstanees allow', 
it must be brought back again and set to 
widening the cut by excavating on one side of it 
alone. VVIiik^ {.o working only one waggon at 
a time can he placed in position for loading, and 
the consequence of this is that there is loss of 
time in ceanging tli<. w^aggon, since it requires 
less time for the na\ vy to its bucket than for 
the filled waggon lo be moved and an empty one 
put in its place. 


Cutting in 

Clay. In cutting 
bard and 
tenacious clay it is 
to make the cutting deeper 
0 than ilO ft., although with loose earth 

.‘10 ft. is not very deep. The reason 
of this is that in digging loose earth, 
although the bucket may not be able 
to get near the top of the cutting, 
yet, while digging underneath, the 
’ upper jiart falls dowm; whereas in a 
hard elay, tlie digging undemeath 
might jirocced for 5 ft. or 6 ft. into the 
lu'foro the earth at the top gave way, when 
it would be likely to fall in a mass and injure some- 
thing in falling. Where the cutting is of excessive 
height for only a short distance, it is expedient to 
loosen the earth at tlie top by mea,ns of wedges 
ov’^tu* this distance, so that only small quantities 
shall fall at a time. The work will involve the 
employment of several men. and is very liable to 
lead to accidents. It is only when the distance 
in question is too short to make any alteration 
in the scheme for excavation expedient that it 
should be resorted to. The alternative is to 
t^ke out the earth in two layers. 
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The Steam Navvy’s Work. The 

steam navvy leaves the side slopes nearly per- 
pendicular towards the top, especially when 
the cutting is deep, and these have afterwards 
to be trimmed to the proper profile as required 
for the railway. The most economical method 
of trimming is put into practice immediately 
after the navvy has moved on, or at least before 
the earth has slipped down. Fig. 7 shows tho 


blasting required for railway work does not ap- 
preciably differ. 

Tipping. Earth is cither tipped or filled 
in order to be got rid of or for some ulterior 
useful purpose, of which tho formation of an 
embankment is the principal. In otuscs whoro 
such an embankment is too far removed from 
tho site of tho excavation, or where, for any 
other reason, it is inconvenient to use tho 


form in which the side of the cutting is loft by 
the navvy. It will bo seen that the earth is in 
an unstable condition, and that its fall is only a 


Full 


9. AERANGEMENT OF LINES FOR SINGLE TIP-HEAD 

((uestion of time. Hence, if the slopes aro 
trimmed immediately after tho navvy has left 
them — that is to say, lH*fore tho earth has 
fallen — much labour will be saved, since the 
workmen have the force of gravity in their 
favour; whereas, after it has slipped down, they 
must throw it up again, and usually into railw^ay 
waggons, which is a high throw. 

As shown in 8, galleries should be made along 
the side of the cut, so that the earth is 
always thrown downward.s, and wheeled along 
planks as shown, and emptied into waggons 
alongside. 

Obstacles to Steam Navvy Work. 

One of the cliief obstacles to tho use of a 


excavated earth for tho purpostj of forming an 
embankment or any other railway work, tho 
earth must be tippeil upon waste land purchased 
for the purpose, producing what is known as 
a 8]ioil-hank. 

,n n n .1 There arc two 

0 U y " "11 ' ■ ' I r methods by which an 
embankment may bo 
filled in tho construc- 
tion of a railway. The first is by depositing the 
earth in layers about 1 ft. thick, and pminintj, or 
ramming f it tlioroughly after each layer is de- 
posited. Punning, or ramming, consists of 
allowing a heavy weight to fall upon the earth 
from the height of about I ft., to which height 
it is raised by hand, tho man using a stall 
attached to tho weight for that purpose. The 
process is expensive, tho cost being approxi- 
mately equivalent to l^th as much as that 
involvtHi in loading the earth into harrows. 
This method is, nevertheless, usihI in depositing 
the earth over eulvcjrts and in the proximity of 
bridges and similar openings. 

The other method of tipping the earth is to 
allow it to fall from the waggon or the vchiclo 
in which it is conveyed from the full height 


steam navvy in settled countries like our own 
arises from the number of bridges which have 
to be constructed over the line. These may 
amount to five, or even ten per mile, and 
frequently have to bo built in trenches before 
the cutting is made. The steam navvy, in such 
circumstances, cannot be passed beneath it 
without being taken to pieces, involving great 
labour and loss of t'm '. Tn excavating a stiff 
clay a further object*on is found in the condition 
of the excavated earth. This will consist chiefly 
of large lumps, 8 cub. ft. in size, and fragments 
thereof. When the earth is tipped to form an 
embankment, tho large lumps all roll down to 


of the embankment which is being formed. 
This is a much easier, more convenient, and a 
less expensive method of working. It has 
the advantage also of being very much more 
expeditious. 

An embankment constructed in this manner 
may be cither tippeel to its full width at once 
by using two lines of way, or, when the Avork w 
required to bo j)ushed (piickly ahead, a single 
line may be ustd for a short distance ; but it 
will be seen from the following description that tho 
single line cannot be made to go very far ahead. 

Single Tip»head. TJie annngcment of 
lines for a single tip-head, as it is called, is as 


the bottom and form the base of the 


bank, the effect of which is to cause 
an undue amount of subsequent con- 
traction. This difficulty is discussed 
more fully under the head of lippiiuj. 

Blasting. When the earth to 
be excavated is too hard to yield to 



the pick, the assistance of explosives 
nuist be obtained. Slow-burning explosives, of 
which gunpowder is the type, are most suitable 
and economical for soft, tough rock, such as are 
composed of indurated clays ; while detonating 
explosives of the dynamite order are l)est suited 
to hard, brittle rocks, like trachyte. Patent ex- 
plosives consisting of mixtures of these two ex- 
plosives are often more powerful than either. 
An account of the use must be sought for under 
the head of Explosives. The ordinary methods 
of blasting are explained under Mining, and the 


follows [9] : The engine first of all drags its 
train of loaded waggons, which it leaves at A 
in the figure, the line being here doubled to 
allow a space in which they may stand. All 
tho w^aggon.s are then dctaclwd from one another 
and from tho engine. Tlie truck nearest the 
engine is then reattached to it, not by means 
of the ordinary coupling, but by means of a 
hook which can be detached by the engine- 
driver or stoker on pulling a string. The engine 
now proceeds with this full truck behind it. 
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and moves towards tlie tip by w’ay of the lines 
marked B. Bat before it reaches B the waggim 
is detached, and the speed is regulated so tflht 
the waggon following the engine, in virtue of 
the vc'looity alromly obtained, comes to a stop 
of itself, and is left at B. Tlu? engine, wiiich has 
been procf netting towards the t ip, now reverses, 
and returns to A by jassing along the lines 
marked (y. At A it picks up another full 
waggon, and this it proceeds to leave at B by 
the same metbod as before ; but on this oeciision, 
in passing towards the tip along the lines 
marked B, it comes in contact with the former 
waggon which had been left at this spot. This 
it now puslu's towards the tip-head. It is not 
attached to the waggon in any way, it simply 
])ush(‘s it forward. 'I'his is done with a 
siiflicient velocity tt) cause the waggon 
to rtsich the extremity (d tlie 
tip at a speed of from four 
to six mil(‘s an hour. 



'Phe ongini* is stopp(‘d 
by putting on the 
brakes shortly before 
the waggon n'aehes the 
lip-hem!, as the e.xtreinity of the tip is called. 
'Phe contents of the waggon having been (‘inptied 
at the tip-head, the (‘iigine again comes forward, 
the empti('d waggon is attached to it , and the 
engine j)roeee(ls with it at a moderab* speed 
along tlic lines mark(‘d (!. Hen* it again d(*taehes 
its('lf and inereast's its v<‘loeity, so that it- gets 
ah(*afl of tlie w^aggon and pass(*s along the lines 
marked A, there to pi(*k up another full w’aggon. 
Tn tlu‘ interval the points at X have been altere<l 
so that tlu* em})ty waggon following the engine- 
is directed on to the line marked P, where all t-he 
waggons, afU;r being emptied, are ultimately 
stored, by eont inning the cycle of operations 
already (ioscrilH'd. 'Phe engine then passes along 
the lines markt'd A, enters the line marked 1) 
at the other end, and tlio train of empty waggons 
ran he made up, to be ea!Ti(?d back 
to the site at w'hieli excavation is pro- 


already described. The engine, then picking 
up the truck first to hand, gets up sufficient 
speed to enable the waggon to reach the tip-head 
by its own velocity. This must, of course, bo 
done quickly, for the engine must detach itself 
and, pro(^eeding at a greater speed, pass on to 
the lines marked B, leaving time enough for 
the points to be altered before they arc reached 
by the waggon following it, so that the W'aggon 
shall pass on to the lino marked C with sufficient 
spec'd to r(‘a('h the tip-head and bo tipped. 

The engine then returns, and, picking up 
another waggon, sends it to be tipped along the 
lines marked B in an exactly similar manner, 
while tin* engine itself, proceeding along the 
line marked C, tlu're picks up the waggon 
previously tipped, and, (|uickly get- 
ting up a velocity on its w^ay back, 
detaches itself from the wag- 
" /ey, gon and moves on to the line 
r. ark ed A, leaving tlu^ 


^ V emntv wairtron behind 

11. RMLW AY EMBANKMKNT FOR SIN<}LR TRACK , tollow at a SUlTl. 
Slif)uin<'' ]ir«»\i‘'ion.al ftinl iiUiiiuitt* ]><)siti()n of oartli eieut distance tO allov^’ 

the points to be alt<‘r(*d 


oeeding in order 
refilled. 

It will be seen from 
the figure that three 
points are re<pured, at 
X and Y and Z ; but 
the points at X are the 
only points that re<piire the attendance of a 
man, or rather a boy, to opi*rate them. Those 
at Z may be operated by a w'cight in such a way 
that wdu'cls passing from right to left are 
aHvays directed along the lines marked (_-, wdiile 
those moving in the opj)Osite direction open the 
points for thems(‘lves, the pressure of the fiango 
being sufficient to raise the w'oight. The ))oints 
at Y can be inanag(‘d in the same manner, the 
weight being ananged so as to direct all wheels 
moving from left to right along the lines 
marked B. 

Double Tipohead. ''Hie arrangements 
for a doable, lip-head., as a tip-head wdth two 
lines of way is us’ially l lied, arc simpler [10]. 
The waggons arrive at .A, and are loft there a.a 
before, being detatched from each other as 
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so as to direct it on to llie lines markt'd 1), and 
with sufficient velocity to enny it ii]) to the liiu* 
of empty waggons standing there. In this ar- 
rangement it will he seen from the figure that 
only t-wo sets of points are recpiired, both of 
which, however, require manual operation. 

Side Tipping. By moans of a double 
tip-head an embankment may be tipped at onoc 
to its full width — that is to say, the necessity 
for tipping over the side of the embankment 
may be avoided. This method of tipping earth 
is very simfile, though special w^aggons are 
required. The.se w’aggons are called side-tip 
waggons, and where it is desired merely to w iden 
an embankriK'nt it is nee(*ssary only to bring a 
train of then^ on to the embankment, when 
they are all caused to, tip th(‘ir contents out 
sideways. This means, however, is not 
so satisfa(jtory, in spite of its simplicity 
and economy. The objec- 
tion consists in the fact that 
earth has aKvays a ten- 
^ denry to slip in the 

same direct ion in w hich 
RAILW'AY EMBANKMENT FOR DOUBLE TRACK u i iU . 

Showma pr.., i.io„s,i nml «ii i..mu- ..f earth *'*'1? /rom the waggon, 

ami if, for any rejison, 
the widening of an embankment by side tipping 
is not completed until some time after tlie 
lirst work has been made, it is possible that 
the earth subsequently deposited may never 
become securely united to tlie previously tipped 
earth. Tlie efTect of heavy rainfall under the.so 
cireumst.aiKfes may be to eau.se a very serious 
slide in the eartli of the embankment, and 
perhaps a grave accident. 

Tipping Embankments of Various 
IVidths. Tn lipping an embankment for a 
single lino of way the width at the top is generally 
much narrower Ilian is necessary for the support 
of the permanent wTiy to he subsequently built ; 
on the other hand, the earth falls down from 
the waggons from which it is tipped at an angle 
very much stee|ier than will provide for the 




necessary stability of the permanent earthwork. 
Under these circumstances it is usual to tip an 
embankment which is formed under those con- 
ditions considerably higher than it is intended 
ultimately to be. The surplus earth at the 
top will then be available for easing the slope 
at the side, as shown in 11, in which the full linos 
show the profile of the embankment as at first 
formed, and the dotted lines as subsequently 
shaped. 

In tipping a bank for two lines of way, it is 
best to keep the two t ip-heads at a good distance 
apart, as shown in 12, so that at the top the hank 
is at first much broader than is reejuired. I’ln^ 
full line in the figcire shows the profih* of the 
embankment as at first, formed, and the dotted 
lines show the profile as finally’- shapecl. The 
triangle between the two lieads is best filled 
by running a single tip-l\oad in a line between 
the two former tip-heads. 

Embankments on Sidelong Ground. 

In 11 and 12 the level of tlie earth upon which 
the embankment is tipped has been shown 
level. This, of course, is s(‘ldoiu the ease, and 
if the slope of the ground in the sidelong direct ion 
is considerable it will be necessary to bench it, or 
cut it into steps [13],wlii<h should be sloped longi- 
tudinally for drainage, in order that the earth 
lipped upon it may get a linn hold upon the 
ground. Soinotimes, especially in America, a 
better union betwc'.en the earth and tlu^ ground 
is sought by ploughing the latter before eom- 
iiiencing the embankment. 

Fig. 14 shows a common way of forming an 
embankment on sidelong groimcl. The full line’s 
show the form in which the eartli was first tip})ed, 
and the dotted lines its ultimate shape. That part 
of the section numbered I was tipped first by 
means of a single tip-head, and this formed a 
toe to the main part of the embankment num- 
bered 2, which was subsequently deposited by 
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MENT FOR SlDELOXo OROFXD 

means of a double tip-head. The bank is 
subsequently wid<uied if neeessary by side 
tipping, forming that part C){ the embankment 
numbered 3. 

High Embankments. When the embank- 
ment to bo formed is very high, say 30 or 40 ft., 
it is usual to tip it in two loacls ; this is of special 
importance when the excavation is effected by 
the help of a steam navvy. Tins machine, when 
working in stiff ground, brings out the earth in 
very large lumps, and when the waggons are 
emptied at the tip-head the largest lumps arc 
those which roll down to the bottom of the slope. 
The embankment therefore advances upon a 
layer of very large lumps of soil, having a hulk 
of perhaps as much as 20 cub. ft. The higher 
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the bank the thicker will be this layer of large 
lumps, and unless they are broken up by hand 
as the embankment is" made, the inter- 
stices left between them will be of 
considerabh? amount, and will 
cause the bank to contract 
and settle down for n long 
time after it is completed 
By' tipping the (mi- 
bankuu’iit at two 
different levels 
this disad- 
v a n t age 
is very 
consider- 
ably di- STEPS FOR EMBANKMENT 

minished. 

The Act of Tipping. The act of tipping 
or emptying the contents of the waggon over tlu* 
tij»-head recpiires sonu* description, 'rhe waggon, 
as has been describefl, comes forward towards 
the tip-bead with tlu* velocity it has acquired 
from the engine before the latter has been de 
taebed. As it comes forward, a loop of chain is 
allowed to trail behind it, and immediately before 
the waggon reaches the tip this chain is caught 
by a largo hook placed between tlie rails for that 
purpose. The hook is attached to a hawser, tlu' 
other end of which is anchored into the bank 
some way behind the tip. The ()bj<*et of this is 
to prevent; the waggon from falling over tin* 
slope of the tip, as it would bo liable to do if it 
reached it with an excess of velocity. The waggon 
is ordinarily checked by a number of sh^ipers 
piled up at the very extremity of the railway. On 
coming against these, the catches which fasten the 
body of the waggon to the frame* are knocked up 
by the men at the* ti])-luv\d, and then the forward 
velocity of the waggon is suflicient to cause the 
be)dyr to fall over and empty its contents down 
the* slope. Tlie* me‘n then pull the body back to 
its former position and refasten the catefiies. 

Returning the Waggon. Sometimes 
the waggons are designed so that, the body 
falls hark of itself to its old peisition after 
its contents have been tipped out. The 
men must dc'tach the hook from the trailing 
chain, and connect the w'aggon with tlu* 
engine, which then comes forward to draw it 
away. Tlu* sleepers piled up at the tip-head to 
cheek the waggon have wrought- iron handles at 
each end to (*nablc the* men to move them about, 
easily. They have to be constantly moved as 
the work of the embankment advances, and are 
placed contiguously on the earth whom the rails 
end, so that the waggon runs upon them as it 
loaves the ra,ils. The waggon, of course, is not 
allowed to leave the rail uiiless it can be helped; 
but the embankment, it must be remembered, is 
constantly advancing, and ^le rails cannot be 
advanced in very short lengths. The 8leep(*rs are 
therefore laid in an upward curve, where the 
rails end, bringing the waggon to a stop, and 
causing it to run back again upon the rails. The 
sleepers are cut up very rapidly and destroyed by 
the flanges of the wheels, but they may be 
protected by iron. 


Contimtrd 
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The Business of the Eye. Its Parts and Functions. Long and Short 

C'i>ntliiuo<l from 

Sight. Faults of Vision. Imagination and Deception of the Eye 



By Dr. C. W. SALEEBY 


'T'TTK business of the cyo is to apj)rociHte 

^ liglit. ft is iK'icossary <<> remoiribor, how- 
owr, that various otiicr kinds of stimulus may 
fause sensations of vision, as is indicated, for 
instaneo, in tin? p]iras(% “ 1 will make* you see 
stars.” The teehnieal name for normal vision 
is emniftropia. This word has a pu/zlingapfKiar- 
anoo, hut the lirst two letters are really a modified 
form of the Greek en which means “Avelh” 
Kmmetropia is defined as that state of the eye 
in which rays from a distant, object are focussed 
upon the retina Avithout any muscnilar effort 
Avilhin the eyeball, while the near point , so-called, 
which may be ro«ighly detined as tlie point at 
Avhich ordinary type may be comfortably read, 
is from o to It) in. 'rhe child, as Ave luiA^e seen, 
lias a more spherical lens than the adult, and its 
near point is at about .‘1 in. 

How Light StriRes the Eye. In order, 
then, that those conditions may be obserA'ed, 
what must hafipon to the light as it passes 
through the eyeball ? The rays of light from 
a distant object, such ns a st ar (which, as usual, 
w(‘ a^tsume to bo parallel), are made to converge 
on passing through the cornea, which is ob« 
vi<jusly a convex lens. They converge still 
further on passing through the crystalline kms, 
and are brought to a focus upon the retina. The 
normal eye is such that the retina is approxi- 
mately in the princijial focus of the lens, or. at 
any rate, in the principal focus of the erystalline 
lens plus the eorm^a. Hence it is that all parallel 
rays ( by Avhich tiTra, for pract ical purposes, aa'c 
may include all rays from objects 20 yards or more 
away) are focussed upon the retina automatically 
or mechanically Avithout muscular effort. The 
imago, as we hav’e oIscavIktc seen, is, of course, 
inv(‘rtcd. Noav Avliat hajipcms when aac look at 
an object which i.s relatively near and the rays 
from Avhich arc divergent ? Obviously, the 
optical apparatus whicli Avas able* to effect 
accurate focussing in the former case will not ho 
of aA'ail in this. 

Accommodating the Eye to Circum- 
stances. The mechanism by which the 
eye modifies itself is knoAvn iis arromrruHia- 
tion. Shut one eye and hold a pencil up in 
front of tlie other ; then, instead of fixing tlio 
attention \ipon the pencil, turn the attention to 
the AvindoAv that may be beyond the pencil, so 
os to observe, iis distinctly as possible, AAdiatevcr 
may bo outside ; the immediate consequence 
Avill bo that the image of the pencil bocorae.s 
blurred—an extierimental proof of the fact whicli 
might havi‘ beiai armed at deductiA'^ely, that 
tlie eye cannot si mu llanoouF^v- focus parallel and 
divergent rays. In some fishes the mechanism 
of accommodation corresponds exactly to that 
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AA'hich is employed in various familiar optical 
instruments — the distance between the lens and 
the retina is modified according to need. The 
other po .sihlo method (which is not open to, let 
us say, the photographer, whoso lenses are made 
of glass) is to vary the conA’^exity of the lens, and 
to do so in proportion to the need. This is what 
occurs in man. When avo fix our attention upon 
a near object, wo deliberately make the lens more 
convex or stronger, so that the rays, though 
divergent, are, so to speak, brought to a focus in 
time. Tf Ave did not so acf’ommodate, they would 
bo brought to a focus too late — that is to say, 
after reaching the retina. By \\arioiis means of 
proof, AV'hieh avc need not liere consider, it has 
i)oen sliown that what happens when avc accom- 
modate is a bulgi'ig forAA'ards of the anterior 
siirfmM' of the lens, w'hich, as Ave have seen. Is 
less convex than the posterior surface Avhen 
accommodation is not taking place. 

The Ciliary Muscle. When tlio eye is 
at rest, accommodated for Ausion of distant 
objects, or mgativdif arronwiodated^ as the phrase 
is, the ciliary muscle is not in action. Positive 
accommodation is the name applied to alteration 
in the shape of the lens v hen the ciliary muscle 
is thrown into action. Tt contracts in such a way 
as to allt>AV' the lens to bulge forAA*ards. That is so 
because Avhen the ciliary muscle is not in action 
the suspensory ligament of the lens is stretched 
and fiat tens t he lens ; hut Avhen the muscle acts 
it relaxe.s the suspensory ligament, and alloAVS 
tlic elasticity of the lens to assert itself. Holm- 
holts5 and many other physicists have studied 
the mechanism of accommodation, and there 
has been a good deal of controversy about it, 
but the dc.scription we have given, following 
Helmholtz, is that generally accepted. Tf the 
ciliary muscle be very forcibly contracted, the 
suspensory ligament is so much relaxed that the 
lens actually falls a little. This may be shoAvn 
by a simple exjXTimeiit — placing two needles 
horizontally, one 10 in. and the other 40 in. 
from the eye, but both at the same level. If, 
noAv, one looks from the far needle to the near 
one, it seems to rise n little, the lens having 
fallen. 

The Resting Eye. Since positive accom- 
modation i.s a muscular act, it is fatiguing, Avhoreas 
negative accommodation is restful. It is for this 
reason that it is good to have pictures of land- 
scap<As in a room, since, when one looks at them, 
the ciliary musclo is relaxed. The smallest 
physiological knowledge of what is implied in 
the ’contraction of a muscle will also teach that 
positive accommodation should not be made 
too continuous. It is a wise habit to close the 
©yes occasionally when reading or writing, not 
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merely because this affords an opportunity for 
thought, but also because it gives the ciliary 
muscle a little rest. We proceed immediately 
to discuss Hhort-sightcdness, })ut at this point 
wo may note that the X)ersistent use of the eye 
at near distances has a delinite effect upon it. 
The structurti of the eye tolls us that the main 
use for which it is, so to speak, intended, is not 
the vision of near objects. Indccal, the tinely 
symbolic tiuth has been recognised that the 
human eye is naturally focussed upon intinity — 
not upon the near and potty. Thus, wliile the 
eye contains within its(‘lf arrang(‘monts for the 
accurate vision of near objects for romparativ(‘.ly 
short spaces of tijne, it is bound to suffer if these 
arrangements are unduly expl()itcd. 

Civilisation and Sight. A measure 
of civilisation might almost be found in 
the degree in which it involves thi' use of the 
eye at short distances. The savage earns his 
meal by seeing the deer on the horizon and 
sending an arrow through it from afar. 1’he 
citizen earns his at a desk. Thus the aiuouut 
of ]}o.sitive accommodation is proportional to 
civilisation. Now, it is notorious that very 
many of us are nowadays short-sighted, 
and the (Jermans, the most studious p<‘oplc‘ 
on earth, are the most short-sighted. This fact 
is not to he explained by tho biological doctrine 
that- the eyes of civilised man arc becoming 
weak from overuse and that the weakness is 
transmitt(‘d. Such a doctrine contains at 
least two (‘rrors. 'fhe first \r> that acquired 
weakness of tlie eyes can be transnntted at 
all, and the second that the short-sighted eye 
is a weak eye. Set the savages to work all day 
beside a civilised man at something requiring 
positive' accoinniodation, and one would soon 
learn which had the weaken’ eyes. 1’licfactraere‘ly 
seems to be that the ])ersi.stent contraction of 
the e-ilinry muscle acteiaJly alteTs the shape of 
the eye - as might ([uite well he expecb‘d. 
'I’he eyeball, as a whole, probably has its shape*, 
altered, being made longer from back to front. 
It is such an eye that we usually call short- 
sighted. It follows that the short sight of 
the student is, after all, the result of an adapta- 
tion to the kind of work which he makes his 
eyes do. The more short-sighted his eye the 
less docs he need to accommodate. Of this we 
shall see a further illustration when come to 
consider long sight. 

Short «sightedness. The tt*ch ideal name 
for short-sightedness is mi/opia, as distin- 
guished from normal sighlcdncss, or enimdropia. 
Since we have these two terms liere, we may 
contrast with them the other two that resemble 
them — hi/permctropia or long-sightedness and 
presbifopia, the particular form of long-sighted- 
ness duo to the ageing of the eye. The deh^ct 
of the short-sighted eye is that it is too long 
from front to back. The consequence is that 
parallel rays arc brought to a focus too soon-— 
at a point in front of the retina. Such an eye 
is said to be short- sigli tod because, in order 
to effect clear vision, an object must be brought 
near tho eye. When this is done, the divergent 
rays from it are not brought to a focus too 


soon. This is why the short-sighted person 
holds a book near bis eyi*s — in order to make 
the rays even more divergimt than they are 
in any ease. Sometimes the a<*tual defect in 
the eye seems to be loss an undue elongation 
from front to back than on increase in tins 
curvature of the coi nea. 

Tlic remedy for niyopia is very simple. Lenses 
must be jffaeed in fnait of the eye in such a 
fashion that parallel rays are artiticially made 
divergent before th(‘y reach it. Th(*y will then 
not be brought to a focus too soon. TluTefore, 
the short-sighted }>ers()n uses spectacles with 
concave lenses, the mi'asnre of tho concavity 
being proportional to his di'fect. As a rule, 
sliort -sightedness increases during the ’teens 
and for some time beyond. This lengthening 
of the €*yo from front to baek may be ])ut down 
to a normal tendency of its growth or to its 
introduction to long hours of })ositive accommo- 
dation. or to both factors ; the last, perhaps, 
being the more important. 

Long-sightedness. The .‘^impU‘st form 
of long-sightedness is that which we call pres- 
htfopia. It is a change: in the eye which is not 
unwc'leome to the short-sighted person, siiiee 
it t(‘nds to maitralise. his defect. Wv have 
alrciuly noted the age at which it occurs and its 
tirst symptom. The loss of elasticity of tho 
lens is probably due to the same causes as 
its reduction in density. These two elianges, 
betw('c*n^ them, make positivt‘ acicommodation 
difficult.’ fn very old age the lens is so in(*lastie 
that, however much the siispt'usory ligament 
be relaxefl by the (‘ffort of positive aecommoda- 
tion, the lens does not bulge at all. 

The second form of long-sightedness, hi/fter- 
melropia, is due to the opposite defect to that 
which causes myopia. Either the cornea is too 
Hat or, as is the ruh*, the eyeball is too short 
from front to back, the consequence being that 
parallel lays are not focussed upon the retina 
in time. In order to (‘ff'ect this focussing, 
I)ositive accommodation is ne(*essary. lienee, 
positive aecommodation is always necessary with 
the hypermetropic eye, whereas it is not in the 
[U’esbyopic eye. It follows that the laliary 
muscle is very much uver-woi ked in, for instance, 
long-sighted children, the commonest coi»se- 
quenec being headache. The diff(*renee be- 
tween bypermetrn])ia and presbyo])ia can be 
demonstrated by the us(‘ of tln‘ drug called 
atropine, Avbicb paralyses the ciliary muscle. 
If this be brought to bear upon a presbyopi<* 
eye, near objects aie Vffurred, but not distant 
objects. Ibit all objects are l>luiTed for the 
hypcTinetropic eye which has he(*n placed under 
the influence of atropim*, since such an eye 
riwds the use of its ciliary muscle for the proper 
focussing loth of j)urallel and of divergent 
rays. 

Plainly, the reason why the long-sighted 
person holds print at arm's length from the 
eye, is that he thereby makes the divergence 
of the rays as slight as possible*. 

Obviously, the manner in which to correct a 
defect w'hich consists in not focussing the rays 
in time is to add a converging or convex kms 
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t/O those which the eye already possesses hut 
which are insufficaent to meet the demands 
made by the neamf?8s of its retina to its crystal- 
line lens. Again, the convexity must be pro- 
portioned to the shortness, that is to say, the 
long-sightedness, of the eye. The artificial 
hMiscs must bo made extremely convex in 
cases where, owing to cataract, the crystalline 
lens of the eye has had to be removed 
ai together. 

“Near Point” and “Far Point” of 
Sight. By the far point, or punctum remoium^ 
is meant the most distant point seen without 
aeeommodniion. There is a good deal of con- 
fusion in the use of these terras, however, and 
often the tt*rm far 'jxnni is used in other ways. 
At any rate, the far ]K)int is brought nearer for 
the short-sighted eye, while for the long-sighted 
eye there is no far point at all — accomraodutioii 
being always necessary. On the other hand, 
there is a limit to aecommodation, and this is 
iri(li(^uted by tlu^ near point, or pvncMm< proxtmum. 
In the presbyopic oyo the near ])oint is re- 
moved, while the far point is unaffected. Tn 
th(* hypt'i'inetropic (ye, both m^ar poii\t and far 
point are made more distant, while in the 
myopic ey(\ both an^ nearer. An exircmt'ly 
sliort -sighted iiersou may seen reading at 
distances so close that the print would be 
al)solutely illegible to an emmetropic eye— - 
b(*ing within its near point. 

n’ho coinea very fi’<‘((uontly offers a special 
complexity to tht5 act of vision by reason 
of itnS curvature not being equal in all 
directions. The resulting defect of vision is 
known as ndigmafisrn. Smdi an eye cannot 
clearly focus at one and the same time the 
two limbs, horizontal and vertical, of a cross. 
The commonest form of this defect is that in 
which the cornea is more convex in the vertical 
direction than in the horizontal — in other 
words, the eye if? short-sighted, or is more 
short-sighted, for the vortical limb of the cross 
than for the horizontal. WhaU^ver the particu- 
lar angle be, glasses can, however, be ground 
so as to eompensate for the doft?ct. If one 
suffers from the rare defect of pure astigmatism, 
one merely requires tjylindrical lenses placed 
at the necessary angle. If, ho weaver, as is 
much more frequently the ease, short -sightedness 
and astigmatism go together, compound lenses 
have to he ground so as to eomx’t l>oth de- 
fects. ft is obvious that the curvatiivo of the 
cylindrical l('iiseH, added to that of the least 
('onvex meridian of the eornt'a, will make its 
focal length equal to that of the maximum 
meridian. 

The Constant Defects of the Eye. 

Then' are certain eonstatit defects of the eye 
of which ITelniholtz was thinking when he made 
the remark which we have elsewhere quoted. 
VVe may note t hem witliout in any d<'gree detract- 
ing from the wonder and admiration which 
the amazing powers of this organ must surely 
arouse in us Charh i;arwiu, who showed how’^ 
the evolution of the eye . lay be explained 
by natural processes, said that ” ho never could 
think of the eye without a cold shudder,” so 
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insuperable at first i^mod the difficulties of 
explaining its wonderful construction on his 
principles. 

The defect of spherical aberration is not very 
serious, and is corrected, to a very large extent, 
in several ways. First, as we have already seen, 
the iris cuts off the outermost rays, and cuts off 
more of them when the rays are more divergent, 
and the consequences of not doing so would bo 
more marked. Secondly, the curvatures of the 
tw'o surfaces of the lens are not the same, but 
t<‘iid to correct one another in this respect. 
Thirdly, the lens is denser in its centre, as we 
have already seen, so that its refractive power 
is less at its circumference ; and fourthly, the 
curvature of the cornea is not really spherical 
but is sucli that rays furthest from the axis are 
Je.ss deviated than they would be if the curvature 
wore spherical. 

The Eye and Colour. The eye is also 
somew'hat defective on the score of chromatic 
aberration, though not nearly so much as 
it wrould be were it not that, as we have seen, 
some measure of achromatism is obtained 
by the use of media of dissimilar constitution. 
Says Prof. ^I’Ki'iidrick : “ ... If, however, 
we look at a candle flame through a bit of cobalt 
blue glass, whi(;b transmits only the red and blue 
rays, the tlame may appear violet surrounded 
by blue, or blue surrounded by violet, accord- 
ing as we have accommodated the eye for different 
distances. Rod surfaces always appear nearer 
than violet surfaces situated in the same plane, 
because the eye has to be accommodated more 
for the red than for the violet, and consequently 
we imagine them to bo nearer. Again, if 
we contemplate red letters or designs on a violet 
ground, the eye soon becomes fatigued, and the 
designs may appear to move.” 

The Eye may See Itself. If wo merely 
consider the fact that the part of the eye 
which actually sees is practically the hindmost 
part, being not merely the retina, or curtain 
at the back of the eye, but practically the deepest 
layer of that curtain, wo shall realise that, 
under certain conditions, the eye may see itself 
or parts of itself. It has already been noted 
that white blood corpuscles, wandering about in 
the vitreous humour, may cast appreciable 
shadows upon the retina. Shadows more serious, 
because permanent, may also be cast by, for 
instance, scars upon tlie cornea. The remark- 
able fact about all such phenomena is that the 
mind projects them into external space so that 
they arc referred to the outside world ; whereas, 
in reality, they exist in the eye itself. Far and 
away the most remarkable of these are due to 
the eye’s perception, by means of the ninth or 
all but the deepest layer of the retina, of objects 
normal or abnormal, in the eight layers of the 
retina through which all light has to pass before 
it reaches the percipient Layer. Ignoring 
perception of opaque spots, which are abnormal 
in any part of the retina, we may consider the 
remarkable fact that, under certain conditions, 
the eye may become conscious of the blood- 
vessels that normally lie in the retina. If a 
strong beam of light be thrown upon the edge 
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of the sclerotic, or white of the eye, one is con- 
scious of a curiously branched appearance 
which technically goes by the name of Purkinje^s 
figures, and which is none other than an imago 
of the retinal blood-vessels. Another experi- 
ment also suffices to reveal to the eye its own 
retinal blood-vessels. This consists of “ looking 
at a strong light through a minute aperture, 
in front of which a rapid to-and-fro movement 
is made.” 

Can we ** See ** Canals on Mars ? 

These experiments are of interest to the physio- 
logist because they prove to him that- it is ]mioti- 
eally the deepest layer of the retina, the la^it to Im^ 
reached by the light, which is the really sensitive" 
and esstmtial part of it. But they are also of ex- 
traordinary interest to us as students of physies. 

The reader is familiar witli theso-eallcd eanals 
of Mars, whieh liave given rise to so much eon- 
troveisy since their discovery by Schiaparelli. 
7>oubtl(‘ss, also, lie has heard of what are called 
the N rays, asserted to be a new kind of etherenl 
vibrations and believed to bav(^ been discovered 
a year or two ago by M. Blondlot, of the Uni- 
versity of Nancy, in France, from thelirst letter 
of whieh he derived th(*ir name. It is not our 
business here to discuss the eanals of Mars be- 
yond merely noting what the rcachu* has doubtless 
heard, that their existence as an objective fact— 
whatever its int(‘rpretation - has lately be<‘n 
prov(‘d by the camera. They have })een photo- 
graphed. As for the N rays, to which we may 
luive space to return, their case remains dubious. 
But the actual facts as to those two cases 
are not the present point. 

Does the Eye See What is not There ? 
The interesting matter for us is that the reality of 
both of these appoaranccis has been questioned, 
and quite legitimately questioned, on grounds 
suggested by the physics of the eye. The common 
alternative, with which we are all familiar, 
as regards any appearance, is simply this — 
Does it correspond to a real existence in the 
outside world, or is it- due to imagination ? 
'I’iiis applies, let us say, to the ease of a ghost. 
Was there something “ really tliere which 
gave rise to the ghostly appearance, or was 
it a Imlhieination ? To very few people lias 
it occurred that there is a tliird possibility in 
certain eases. It may be that the eye really 
sees something whieli is really somewhere 
l>u(- is not really there. It is within the eye 
itself, but so persistently does the mind ref(*r 
sensations of vision to the exterior world that 
the eye is deceived. 

For instance, in the case of the canals of ]SIars, 
c'xperiments made by a distinguished English 
astronomer, Mr. Maunder, show’i^d that, wdiether 
or not these really exist, it is possible under 
certain conditions to produce appearances whieh 
may be mistaken for them. When schoolboys 
wore set at sufficient distances from blank maps 
of Mars, on which they were told that eanals 
were to be seen, very faintly marked, if only tliey 
looked carefully enough, they drew appearances 
which strongly suggested those figured by 
Schiaparelli. Other explanations are possible, 
perhaps, but the likeliest is that, by exces.sivc 


straining, these boys had gained faint impressions 
of the blood-vessels in their own retin»e. 

Imagination and Sight, Similarly, it 
was argued in the (^asc of the astronomcT, it 
entails considerable strain to look through a 
telescope for any length of time, and the argu- 
ment w'as that the strain^'d eye hecarne hyper- 
sensitive so as to see and attribute to Mars 
images of the blood-vessels within itself. A 
similar train of argument a]>p]ies to tlie N rays, 
Tlie fact that in the cas(' of the canals of Mars, 
at any rate, the objective eharaeter of tlu* 
appearance has now' been proved by otlu'r 
means, does not in tlio least- detract from th<* 
importance of recognising the possibility of this 
(‘rror. Chi<‘tly, perhaps, it is important from the 
point of view of the psychologist, hut tlie physicist 
has to recognise it if he is not to make s('rious 
errors. After tliis (‘xplanation the reader will 
distinguish rmee and fi>r all between (1) the 
results of imagination, so-called ; (2) the results 
of vision of wh.at is really external and appears 
to be so ; and (.S) the nwiilts of vision of w'hat 
is really within the eye hut. in eonsequence of 
ll»e overwhelming preponderance of experience, 
is thought to he external. 

The Proper Light of the Retina. 
In this ])hrase, as in a very largo nuniber of 
other seientilic and philosophi<! phrases, Iho 
word proper has its proper moaning, with which 
the vead(T should ho familiar. Tt is, of course*, 
derived from the Latin proprius, and it- nutans 
(twn or proper to. In defining the term we cannot 
do better than quote th(j w'Ords of Professor 
M ’Kendrick, who is one of the chief students of 
the subject. Ho says : “ The visual lif‘ld, oven 
Avhen the eyelids arc closed in a dark room, is not 
absolutely dark. There is a sensation of faint 
himinosit-y whieh may at ono moment be brighter 
than at another. Tins is often termed tlu* proper 
tight of the retina, and it- indioat.(^s a certain con- 
dition of inolcfcular activity, (‘ven in darkness.” 

TJ 10 recognition of this ])roper light of t he retina 
will suffice to remind us of the all-important 
distinction between tight and vision. On the 
one hand, there is ahundaiicc^ of liglit wliicli 
cannot cause vision — that is to say, etliereal 
vibration just outside the octavo Avhich wo 
Ijappen to be abh^ to see ; while, on the other 
hand, there may be vision which is not caused 
by light. 

The Use of Two Eyes. Constantly, as 
in the last paragraph, W'e find ourselves k d to 
eonsidt^r the retina — t-lu^ ultimato fact of tlu^ eye 
— but W'C must leave this subject to the last. 
Meanw hile, wo must note in its j)laco a fact w hich 
lias boon carefully discussed in thf* course on. 
Psychology. It was there sliowii that vision wit h 
tw'o eyes, or hiiuicular vision, giv(^s us our im- 
pressions of doptli or perspective or solidity. In 
discns.sing sound, wo saw' that tlie only value of 
liaviiig two ears, apart from having another to 
fall l)a<-k upon if ono bo injured, is that- they 
help us to appreciate the direction of sound. The 
possession of tw’O eyes, how'ever, gives us far 
more, since it gives an entirely new and distinct 
quality to our vision. This is absolutc'ly true, 
notwithstanding the fact that long experience 
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with two eyoH and with the other HenHes may 
enable us to obtain perceptions of depth as well 
as height and breadth, even with one eye only. 

If it is desired to prove how little value experi- 
ence has when it comes to a test, let one try to 
thread a needh^ at a little distance with one 
eye shut. 

If both eyes b(^ equally strong, the perception 
whi(^h they give is not identical with the percep- 
tion of either ('ye alone, but it is almost in- 
variably the rule that one eye is stronger than 
the other, and that it is its image which we per- 
ceive. 

When One Thing Looks 'Like Two. 

But let UR consider what simultaneous vision 
with two eyes reejuires. Compare the case 
of trying to look at one’s own nose with 
that of looking at a star. In the iatt-er case 
there is practically no “ optic angle ” — that 
is to say, the jing](^ formed by lines from the 
o))jcct through the centre of each of the two 
eyes. Oiv the other hand, in looking at one’s 
own nose there* is a very largo optic angle. The 
contrast between the two ceiscs will sulhee to 
show the extnune (;ompl(^xit.y of the arrangements 
which are necessary in order to enable us to 
obtain a simple image from two eyes. This pos- 
sibility is explained by what is called the 
theory of rorrespeouHng points. For in- /\wtwowBAR 
stance, if we look at a jienoil with both 
<yes at once, wo only see one pencil, 
but if we look piist it wo sec two. 

This implies that, in the first case, 
the two images of the pencil fall 
upon “ eorrcsi>onding points ’* 
iti the two eyes — viz.^ the 
two yellow spots. But when 
wo look past the pencil at 
something beyond it, the 
eyes which won^ formerly 
slightly converged or squint- 
ing, look more forwards and parallel with 
each other. 'riie consequence is that the 
images from the pencil do not fall upon points 
of the two rot inai which correspond or are 
accusto?ucd to act together. The aceompany- 
ing diagram will readily explain this, Tho 
lines marked 1 indicrato the manner in Avhieh, 
in the first position, tho rays from the pencil 
fall upon corresponding points in the' tw'o eye.s. \ / 

But in the second position, when tho eyes are \/ 
looking at tlie window bar, the rays from the V 
pencil w'ill fall iii the fashion of the dotted lines — 
that is to say, upon tho outer parts of the two 
retina\ winch are not accustomed to n(‘t together. 

On the contrary, the loft halves and the right 
halves of the tw'O retina* contain corresponding 
points. 

The Eye's Complex System of 
Muscles. It follows from these considera 
lions that the simultaneous movements of tho 
two oy^eballs in bitiocular vision, in order that 
two images of any object may fall upon tho 
corresponding puinf s in tho two retina* and may 
thus be pc I’ceivcd as one, require tho most com- 
plicated nervous arrange ionta. In order to 
carry them out, each eyeball has six muRcles, 



each set of six being supplied by tlirec nerves, 
and the whole being controlled from a centre in 
the brain. This co-ordinated movement is tho 
most complicattjd known. It would require a 
pjige to d^ribe its complexity in such a case as, 
for instance, looking at a pencil held close in front 
of the two eyes and then following it with both 
eyes while it passes to right or loft. In such a 
case the eyes are convergent all the time, and 
as they pass to one side or the other, the one eye 
has to rotate througli a much wider angle than 
its fellow in order that single perception may 
still result. I’lio reader can easily draw for 
himself a diagram which will show this. Its suc- 
cessful accomplishment is one of tho marvels of 
nerve physiology. Some kind of explanation of 
this possibility is furnished by the fact that 
W'hile w'C can move one eyelid, wo cannot move 
one eye. In other words, the movements of tho 
tw'o eyeballs are simultaneously controlled from 
one centre and are so interdependent that they 
cannot bo made independemt. 

How the Eye is Deceived. The student 
of the course on Chemistry is already ac- 
quainted with the stereoscope, or solid seer. 
This is simyily an apparatus by which one 
places side by side two photogi-aphs or drawings 
of one and the same object; that on the 
left being a rtjprcsentation of the object 
as seen by tho left eye, and the right 
corresponding. If now wo place an 
opaque partition in such a fashion that 
the right eye can see only tho view 
on the right and the left similarly, 
we get a stereoscopic percept — ^wo 
see the thing in relief. 

Thus the eye is, of course, 
deceived, and there arc many 
w spar familiar other moans 

by which it can be shown 
how tho eye is at the mercy 
of many external eirciimstaneos. Take, for 
instance, judgments of size. Wo have already 
seen that an object at twice the focal length 
of a lens has an image of tho same size. 
At less than twice tlie focal length the 
imago is enlarged ; at more than twice the 
focal length it is smaller. The images of all 
the objects wo see, except by the aid of 
the microscope, are smaller than the acdual 
objects. Nevertheless, the eye is, so to 
speak, deceived into thinking 
that it sees things as large as 
they are. Similarly, it is de- 
ceived into think fig that it 
sees things upright, whereac. 
all retinal images are inverted. 
These, of course, aro uses of the word 
deceive which we have deliberately made 
unusual. A more common use of the 
word may be employed in noting other visual 
judgments. Everyone is familiar with pairs 
of diagrams, such as those which wo here re- 
produce, wherein two lines of exactly the same 
length are made to appear very unequal, merely 
in consequence of the w'ay in which other 
linos are drawn from them. . 
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MOTHING is of more vital importam-o to Ili<‘ 
success of the student’s schemes and plans 
thap the recognition of the limitation of mental 
energy. 

By pract ice we can increase our jiowcr of hard 
reading, by an effort of will wo can intensify ami 
extend our faculty of attention, hut there comes 
a time when the mind -the physical organism 
of the biain — rebels against sueli enforced labour, 
and all our painful reading Is in vain. 

The eye it cannot elioose but S(‘e, 

We cannot hid the car be still ; 

Our bodies feel, where’er they lie. 

Against or with our will. 

Nor less I deem that there are powers 
Which of thoniselvi's our minds impress ; 
That we can feed this mind of ours 
Tn a wise passivencss. 

'I’hink you, mid all this mighty sum 
Of things for ever speaking. 

That nothing of itself will come, 

But we must still he seeking ? 

The value of this period of wise passiveness 
can scarcely he exaggerated. Wordsworth 
regards it as a time when we may feed our minds, 
and no doubt he is right ; luit it is a time above 
all others when our minds can feed us. The 
eousciousiiesa of the individual in moments of 
griNit quiet and extreme passiveness will receive 
ideas and images of which either it had hitherto 
never been cognisant or cognisant only unin- 
telligontly. 

Subconscious Activity, One of the 

mental jirocessos of which we know' least, hut 
of w'hich w'e are, perhaps, more assured than 
of any other, is the subconscious gennination 
of ideas. Tt is the most jx^rplexing, the mo.st 
interesting, and the most suggestive of all the 
mental processes. There is a department of 
our mental machinery which takes over the 
ideas we toss t<T it or let slip from our lingers — 
even, too, the ideas which creep in unknown 
to us between the gates of consciousness — and, 
receiving them, doc^ not merely hold them and 
retain them as a sensitive plate holds and retains 
the picture flashed upon it through the Ions of 
a camera, but, rather, receives those ideas as the 
earth receives a seed or as an incubator receives 
an egg, and, all unconsciously to ourselves, broods 
upon those ideas and transforms them into other 
forms and fresh energies and powers. 

■ Professor William James has said that we learn 
to swim in winter and to skate in summer, 
by which he means that having tried to skate 
ttrough a single winter, and having progressed 
but indifferently, when we come to renew our 
efforts with the following winter we find to our 
amazement that we begin, not where we left 


off. but in advance of cviTything that vve liad 
<‘vcr attcinpti‘d before. A boy w'ho has once 
learnt to sw im never forg(‘ts the. art, and, though 
practice be necessary to make him a good 
swimmer, and training to get him into ‘‘ the 
pink of condition, ’ still he is always a potentially 
better swimmer every time lie cntei^ tlio water, 
even though years elapse between his experi- 
ences. 

Its Bearing on Study. Tt is to this 
secret working of the mind that the educator 
must bring his intelligence in considering his 
plan of eonduet. Periods of rest from concen- 
trated elTort are not a ])assive good to him, 
they are an active good. Tie must cultivate 
them as assiduously as he cultivates eonoenlra- 
tion or will-pow’iu’. He must accustom liiinself 
to remaining quiet and receiving from his sub- 
conscious self, or. as P. W. H. Myers would say, 
from his subliminal consciousness, more vivid 
images than his }>urely intuitive faculty can 
create or his most eniM’getic relleetion can supply. 
It is to (hose images he must look for liis 
originality. The iih as presiaited to him “ in a 
wise passivencss " are the fruit of his own 
personality, the colour of his own individuality, 
(he express image of his own spirit. Originally 
he received the seed from another mind, or from 
the universal mind whence, all intuitions proceed, 
hut as they pri'sent themselves to him now they 
are not the seed but (be tlower from the soil of 
his own soul. Fragrant and life-giving herbs 
they may ht*, or poisonous and deadly W'oeds— - 
whichever they an*. (h(\y will he the fruit of his 
own growing. Whatsoever he sow’s that also 
shall he reap. 

Let the educator, then, he warned, first, against 
what Huxley called “ the educational abomina- 
tion of desolation book -glut tony and lesson- 
bibbing. Kven the hardiest -worked of ua all, 
he says, if he has to deal with anything above 
mere details, wall do well, now and again, to let 
his brains lie fallow' for a space. “ The next crop 
of thought will eertainhj be all the. fuller in the 
ear^ and the weeds fewer'' 

The Value of Passiveness. And, in 
the second place, tlio student must bo warned 
against regarding periods of passivencss as 
wasted time. It is easier to frighten a man 
away from hook-gluttony and lesson-bibbing 
than to convince him of the fruitfulness of a 
wise passivencss. But we hope to show that, 
far from being a wasted lime, a time of wise 
passivencss is just that period in which inspira- 
tion can best dp its work— inspiration which is 
the flame of originality and the fire of genius. 

Genius is defined by Myers in the famous third 
chapter of “ Human Personality ” as a power 
of utilis! ig a wider range than other men can 
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utilise of faculties in some degree innate in all, 
and an “inspiration of genius” as in truth a 
subliminal uprush, an oinergence into the cur- 
rent of ideas which ho has not consciously 
»riginat<*d, but which have shaped themselves 
beyond his will, in profounder regions of his 
being. 

R. L. Stevenson used to lie abed before sleep- 
time thinking of his stories, setting, as ho said, 
“the brownies’’ to do his work for him. The 
part of the work done in sleep, ho said, is the 
brownies’ part Iw^yond contention ; “ but that 

which is done when I am up and about is by no 
means necessarily mine, since all goes to show 
the brownies have a hand in it even then.” 

The Secret Work of the Mind. Beyond 
contention, indeed, is the fact that our brains 
work for ns when wo are idle, that our thoughts 
move faster when we are not behind them 
Hogging their jaded energies with the whip of 
( oneentration. When Huxley said that the crop 
of thought, aft(;r a time of fallow, would certainly 
ho all the fuller in the oar, and the weeds fewer, 
he stated what his readers believed to bo a 
truth, but a truth the significance of which 
neither the people who subscribed to it nor the 
brilliant man of science himself thomughly 
apprehended. Huxley was not a profound 
jisychologist, and ho was so devoted a physicist 
that he did not even stop to ask why a brain 
should know more after a period of rest than it 
kne>v bedore, Myers’ great work was not then 
published, and, indeed, it is only of quite 
n^eent time that evidence has been accumulated 
siifficient to justify the thesis of that work. 
It is now, we advance, beyond contention that 
the mind’s inspiration is received from the 
invisible g(‘rmiiiaf ion of ideas in a “ department ’’ 
(rf the mind bcHow the threshold of conscious- 
ness. It is proved, by experiments in hypnotism, 
and by eveuyday experience, where carefully 
ubservod, that the mind works in secret in bring- 
ing to perfciCtion the ideas and images received 
by it with or without the knowledge of the 
consciousness. 

Food for Mental Inspiration. This 
being so, the educator must inquire in which 
direction his talents lead him, and be careful to 
work as far as possible in that direction, since 
it is on that road more than on any other that 
inspiration is likely to shine for his feet. A 
mwi w’ith a natural bia.s towards machinery 
sbOaild not hope to experience a musical in- 
spiration or a military inspiration. He should 
not — if ho is hent on pushing his fortunes — 
make a study of literature or a study of com- 
merce. He should read deeply about machinoiy, 
and should converse wdth men profoundly con- 
versant with machinery, and so in his moods 
of passivcncss ho will be likely to receive in- 
spiration in the invention of machinery. To 
feed the mind on that which it demands — pro- 
vided ahvays the taste is sane and healthy — 

- — is to provide it with the material for inspiration. 

It must always ’oe reiu^'mlwed that these 
subliminal upr ashes, or, as we say in the 


language of the street, these Chippy thoughts, 
come almost invariably in moments when the 
consciousness is least busy. The man of iron 
w’ili is siddom a creative genius, the brilliant 
adminiwstrator is seldom a man of ideas. Tho 
consciousness is kept so busy by these energetic 
minds that the brain never obtains a hearing. 
They may, indeed, become so immersed in their 
work that consciousness is practically in abeyance 
— that is to say, the consciousness is so intent as 
to shut off all the appeals wdiich reac;h it through 
the. avenues of sense — in which case tho happy 
thought, the bright idea, may come to them. 
Tliere are authors whose inspirations come during 
tho moment of composition — whence, they know 
not, nor how ; they have not dreamed the idea 
beforehand, they have not received it in periods 
of a wdse passiveness, it has come to them when 
in tho midst of work ; their consciousness has 
been so intent that tho striking of a clock has 
not reached their ears nor the opening of a door 
attracted their attention. 

The Spontaneity of Inspiration. In 
this case, if wo thoroughly understood tho 
mechanism of the brain, wo should probably 
find that consciousness w^as as much removed 
by its very intensity of concentration as it is 
rimiovcd in the hypnotic trance by gazing 
fixedly on a brigid light. One thing at least is 
certain, and on this the educator should fasten his 
apprehension — no amount of brain cudgelling 
wu'II ever bring forth a flash of genius. Not by 
any amount of hammering on tho anvil of 
thought does tho spark fly for which, like the 
scholar-gipsy, wo all wait — the spark from 
heaven. Indeed, it is by striving and wrestling 
and overlonging that we drive it away from us, 
keep it afar off. It comes like a thief in tho 
night, it comes whem w'e are least prepared for it, 
it comes to us with a sudden uprush of vitality 
which makes us think that till then wo have 
never seen nor hoard nor lived. To receive it 
we must accustom our minds to periods of ab- 
straction, but not periods of enforced and 
diftictiltly continued abstraction, not periods 
where effort and energy play any part. It 
requires no particular posture of repose, no 
studied and precon sidored arrangement of 
environment. Walking, or eating, or on the 
high seas, the idea may come for which w’^e are 
waiting. All that is necessary is tho gradual 
cultivation of ease in our consciousness, tho 
occasional chocking of that busybody and 
inquisitive spirit which keeps the consciousness 
of some unhappy people in a perpetual flurry 
and excitement. A man of science and a groat 
inventor has said that his life is so busy that 
ho has no time to reoeive inspiration except when 
he is dr(‘.ssing. - Some people have their conscious- 
ness more vivid and alert before the mirror than 
in any other place, and for them ideas are not 
likely to come at such a time, if ever at all. 
But it is just in periods of this kind — simple 
periods in the day when w^e are doing thin^ 
w'hioh have become more or less automatic 
with us — that we are most likely to receive the 
harvest of our hopes and labours. 


Continued 


3184 



A LIMITED COMPANY’S ACCOUNTS 

Group 7 

CLERKSHIP 

Formation of Company. Capital. Shares. Prospectus. 

22 

Register of Members. Purchase of a Business 

jwii;.. VJ'.W * 


By J. F. G. PRICE 


A LARGE and constantly incmisin^ij projwa tion 
^ of tho business of the (*ountry is carrietl on by 
what arc known as limited com[)afiics. Indeed, 
it is scarcely an (‘Xiiggeration to say that the 
giant strides made by our coiunuMce in the last 
half century would not luive been i>ossible with- 
out the assistance, derived by ])rivate enterpriser 
from the co-o})eration of the small capitalist by 
means of tlur facilities alTorded by limited 
liability companies. 

Firms and Limited Companies. Re- 

fore wo can proceed to deal with the aecounts 
of limited eoin]ianies, it is necessary that we 
should know something of what a limited 
(rompany is. It has been seen that a ]>artner- 
ship is a combination of two oi- more ]H‘rsons 
who have united their resources for the purpose 
of jointly earrying on a busim*ss for their com- 
mon benefit. They are jointly and irldi^'idllally 
liable for the debts of the firm, and in tho evemt 
of failure, are bound to contribute to the full 
extent of their j)rivate property, if necessary, 
discharge the tirm's indehteclness to outside 
persons. 

In tho case of a limited company, the pro- 
prietors, who are called sliarchokku's, are only 
liable to be called upon to pay the debts of th(‘ 
company to the extent of the amount they 
agi*eed to contribute when they first joined the 
concern. In other words, their liability is limited, 
and the extent of the limitation is fixed by the 
shareholders themselves when they determim^ 
to become membeis of tJie comjniny. 

Memorandum of Association. A com- 
pany is a number of jiersons combined into 
one body by kuv, so that the company ha.s 
a distinct personality ajmrt from the ]iersons 
who compose it. Jt must consist of at least 
seven members, and if at any time the 
number should fall below seven, tlu‘ company 
can Imj wound up. Every trompany must b<‘ 
n^giatered at 8omervSet House with tlie Registrar 
of Joint Stock Companies, and the first step to 
taken is for at least seven persons to sign a 
document known as tlio memoranflnm of associa- 
tion, wdiicli must contain certain j)articnlars. 
Those particulars arc: (1) the full name of the 
company in wliich “ limited ” must he the last 
word ; (2) tho part of the Ignited Kingdom in 
which the registered office will be situated ; (3) 
the objects of the company, w^hich are stated 
very fully ; (4) a statement that the liability of 
the members is limited ; and (5) the amount of 
the capital of the company and the manner in 
which it is divided into shares. Each of the 
signatories to this document must agree to take 
at least one share in the company. 

I M 


Articles of Association. With the 
memorandum it is usual to lodge a further 
document known as th<* arti(*lcs of associa- 
tion, which contains the n'gulations for tho 
carrying on of tho company. 'riit' articles 
make provision for calls on shares, transfers of 
shares, meetings of tin* company, volt's of 
members, accounts, audit, winding up, etc. If 
articles of association an* not kxlgt'tl the coin])any 
is rcgulait'd by a modt'l set pn^vided by the 
Gomjianics Act, lSt)2 (Table A|. Jt would mani- 
festly be iiupossiblt' for the business of a company 
to be eonduett'fl by the shan'hoklers as a body, 
and tho work is therefore delegated to a small 
number of persons who are called the directors. 
'Phey are fretpiently appointt'd by the articli's of 
assoeiation. which also regulate their powers, 
qualiHealion. retirement, ('te. 

The memorandum and tin* articles (if ai»y), 
and a separat<‘ statement of the capital, havi^ to 
he left witli tlie rt'gistrar, togt'thcr with a declara- 
tion, usually made by a. solicitor, that all tho 
requirements of the Goinpanies Acts havt; been 
complied with. Certain stamp duties have to ho 
paid, increasing with the amount of the capital, 
and if the. documents arc regular, the registrar 
issues a certilicate that the company lias b('cn 
incor])orated. 

The Company’s Capital. Mention has 
lieen made of the company’s capital and of the 
shares into which it is divided. Roth these 
tenns require further ('X)>lanation, for tho word 
capital lias several dilTercnt meanings in con- 
nection with a eonijiany, aeecu’ding to the sense 
in wliich it is employed, while liiere an* various 
kinds of sliares, eai'h having dilVenait rights. 
The cajiital wliieb is named in the memorandum 
of a.ssociation is known as the lunniunl capital 
of the comjiany, and is the maximum amount of 
shaiv.s the e(^mpany is allowed to issiu*. I’he 
amount of th<^ shares which the compaii}^ has 
actually issucil to atqilicants is known as the 
sabfirnbed and isstnd capital. 'I’lie amount which 
the shareholdi'i’s liave been rcijuired to pay upon 
the shares issued is the called-up captfaL and 
the amount received by the coiiijiany on tho 
shares is the jmid-up capital. 

Classes of Shares. The nominal capital 
of a company is divided into a number of 
parts of fixed amount called ^Jiarc.!i, each of which 
has a distinctive numln'r given to it. When 
there is only one class of shares they are called 
ordinary shares. When the cajiital is divided 
into two classes, they are usually preference and 
ordinart/ shaix's, thi* former entitling the holders 
to participate in the protits of the undertaking 
to a ciTtain tixed limit before any distribution is 
<; ,‘1185 
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made to the ordinai’y HharehoklerH. Tlu? limit 
is fixed by way of a pcm'ntago upon (he amoiuit 
paid up on the shares, which are known as five 
per e(‘nt. or six ])er cent, preh'renet' shares, or 
iiH f ile case may b(?. 

When th(‘ prefercne<* shares base i\‘eeive<l their 
])ercentage, tht‘ ordinary shan'holders are (‘ii- 
titled to the* remainder of tlie profits, provid(‘d 
then^ ar(‘ no oth(‘r classics of sliures ranking 
Ix'liind th(‘m. Distributions may b(‘ made to 
tlie shareliold<*rs only out of profits ariu dly 
(uirn(‘d, and sucli distributions are calhul 
tlividends. Tlu’ix^ is sometimes a fiiitlier class 
of shari's, cfililt'd /Ditndcr.i or (hfrrrnl shares, 
which are usually few in number, and (‘ntitli? the 
holders to a li.\'‘d juojKjrtion of tlu^ j)ro(its 
nunaining, after ])aying a dividend at a e<‘iiain 
rat(‘ upon tlu* jmlinary shares— fr(a|uently ten 
per cent. 

The Prospectus. Many eom})ani«‘s are 
formed for the purpf>se of purchasing as going 
eoru'erns husin<'ss(\s which have jnwiously 
h(‘en carried on hy firms or individuals, ami in 
ordi‘r that the money napiired to pay the pur- 
ehas(‘. ])riee may lx* ohtainetl, an invitation is 
generall}" mad*‘ to tlu‘ public to take shares in 
tlu* new ixuupany. Th<^ invitation is eontaimxl 
in a. document known as a which has 

to ))e filed with the registrar. If the company 
is a large one, the pi*osj)eetus is advertised in the 
Press, as well as l)t‘ing eireulat<*d hy post to 
prohahli' investors. It sets out the object wifh 
whieli th(^ eompaiiy has been fornu'd, and, for 
the purpose of ena})ling reeipumts to form an 
opinion of the prospects of future success, infor- 
mation is given as to Iht* value of the pro|X‘rty 
to ho taken over and as to the ])rofits which have 
Ix-en (‘arned in the past by the old ])roprM‘tors. 
This information is usually given in the Hha])e of 
valuations hy (‘X])crts, and eertif!cat(‘S of profits 
by public accountants. 

'rhf' ])r(>s])(‘etus fnrtluu’ states tlu^ manner in 
W'hieli tlu; shares will have to lj<; j)aid for, which 
is usually a certain amount shart; on applying 
for them, another afuount on aliotnuuit, and 
further sums at stat<'d intervals, until the full 
amount of the share has Ikhui paid. Part of the 
full amount may he l<*ft to be called up by tlu; 
directors as the business of the company may 
recpiire. The nanu*s and addresses of the 
otlieers of tlie eompaiiy are also given, including 
those of the directors, hankiTs. auditors, solici- 
tors. hrolo'js, and seenMary. (Vrtain other par- 
ticulars have to he given in order to comply with 
the reipiirenu'iits of tlu; (\mipanics Act, 19(M) ; 
but altiiough thcs(' nn; of llu‘ utmost importance 
from tlu' legal point of view , tlu;y do not n*(|iiire 
furtlicr mention here. 

Application and Allotment. En- 
closed in th(* pros|X‘ctns is a form of application 
for shuns, whieli lias to Ix' tilled in and signed hy 
the intending in\estor. He then has to forward 
it to the eomp.inj ’s hankiTs, witli a remittance 
for thoamouni stated in the prospectus as being 
payable on the siiares. The money will lie 
retained by the ba.iker, a.-.d the application form 
sent on by him to the company. The scx’retary 
makes a list of the applications, show’ing the 
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number of shares applied for, and a meeting of 
tluj directors is held to consider them. It is 
necessary for the directors to state in the 
prosjxictus the number of shares which must 
be applii'd for before they will issue any 
to the public, or, as it is termed, go to 
allotment. 

Tf application has been received for the mini- 
mum number of sliariis, the dir(;etors proceed to 
allot them to the applicants in accordance with 
their apjilieations— i.r., they pass a resolution 
apportioning to cai'h a])plicant the, number of 
shar<‘s f(»r which he has applied. In ordi;r to 
mike the allotment binding upon the share- 
holder, a notice called a k;tter of allotment is 
s<‘nt to each applicant, stating tlie terms upon 
which the allotment has been madi*, and requiring 
him to pay the further amount now due upon liis 
shares. As the dates arrive iqion which furtluT 
instalments are payable, applications are made 
by the eonifiany to tlu* sliar<*lu)lders for payment 
until either the full amount of tlu; shares or tlu' 
amount mentifuuxl in the pros[KH*tiis as payabk^ 
within a giviui time has been calk'd up. 

Entries in the Company's Books. 
Having now di'scribed the machinery by which 
the capital of a limited company is brought into 
being, it is necessary to ex[)lain the entries 
r(‘(juisiU; for recording the various transactions 
in the conqiany's Ixxiks. In the ease of an 
individual l}u*n‘ is, of course, no obligation from 
himself to tlu; busiiuss to provide the money 
he actually jmts in as capital, and if he decides, 
upon relk'ction, not to start the business or 
invest his money, lu; is not bound to do so. 

Hilt in the case of an apfilicunt for shares, the 
po.sition is difh'rcnt. As soon as the company 
lias notified its acceptance of his olTcr. to take 
shares, lu; b<*c;omcs liound to the company for 
the full amount of the shares allotted to him. 
As we have seen, he may not. havt; to ])ay the 
full amount at once, but the company has the 
right to call upon him to jiay at some time, and 
he is at onc<; a debtor for the amount payable 
on the shares in resfx'ct of the instalments due 
on appli(;ati()n and allotment. Entrit^s are Iheri;- 
fort; made, debiting tlu; sharcholdi;rs with the* 
ariiount due from tlumi on application and 
allotment, and crediting accounts oix'ned in the 
general ledger, entitled application account and 
allotment account. 

Opening the Capital Account. Sepa- 
rate accounts arc not opened for each 
shareholder in the general Mger. A distinct 
book is kej)t for the accounts of the individual 
shan'holders, which is entitled the share ledger, 
and is generally combined with another book 
w'hieh tlu; company is recpiired by law to keep — 
riz., the register of memliors. The form of the 
combined book will lx* shown later ; at present 
Ave will follow the entrii's to be made in the 
company’s general accounts. Let us suppose 
that a company has received applications for, 
and has allotted, 1,000 shares of £10 each, upon 
which £1 per share is payable on application, 
£2 per share on allotment, and £2 per share one 
month after allotment, the remaining £5 l^r 
share not being requirotl at present. The entries 
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necessary in the company’s books are first passed Register of Members and Share 
tlirough the journal preparatory to being Ledger. It is now no(‘(*ssary to ascertain 
recorded in the ledger, and would lx‘ as under : how the aecounts of the individaal shan'hoUh'rs 
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Juno 1 I Sundry Slmroh'>l(lors 

To Apjdieation Acfuunt 

For £l per sliiiiv, payaMo on application, for l.OOO 
£10 eaoli 

.Iiiiio 7 1 Sundry Sharelioliiors .. 

To Allotment Aeeoiint 

For amount payahlt* on allotmont f<ir 1 .000 >.liar»‘>» 

^ slniro 

Jidy 7 I Sundry Shnrelioldors 

To Fii>it Cull Aceoiiiit . . 

For amount puyuhle ono month after allotiiKMit. on l.tMM) 
wharos at £2 per sham , 


'rhe entries would lie posted to ac'eotints in 
the ledger in the usual way. 

The company will hav-e received the full 
amount of the application money through its 
bankers ; we will assume further that all the 
allotment money has been received, and that 
£1,900 of the first call is also received. These 
amounts will he entered on the debit side of 
tlu‘ cash book and posted to the crtnlit side of 
the sundry shareliolders’ account. Entries an^ 
then made in the journal closing the application, 
allotment, and first call accounts by transferring 
the balances to an aec'oiint called the share 
capital account, which is the true capital account 
of the company and r(‘mains optm in the ledger 
throughout the company's existence. 

As a result of these various journal and cash 
book entries the accounts in the ledger will 
appear as shown below. 

The balance to the credit of the share capital 
account represents tlie amount for the time being 
(’ailed upon the shares, while the debit balance on 
t he sundry shareholders' account is the amount un- 
])aid in respect of the calls which have been made. 


are d(‘alt with. As in the ease of a priA^ite 
partiKMship, each proprietiU’ has a capital 
account of his own. although, as a rule, the 
book in which the accounts are kept is treated 
as a statistical book and not as a book of account. 
It is found convenient to combine the rc^gister 
of jm’inbers, containing eewtain particulars and 
which the company is r(‘(piired by law to keep, 
with the share ledger e(uiiaiiiing the cash account 
of (‘aeh memlK’i* in redation to his slian^ holding. 
F^very meml)er is debih'd with the resj)ective 
amounts payable on bis shares and credited with 
all sums be pays in n’speet tlu’i’eof. The register 
.shows not only the niiinber of shares he aequiivs 
and disposes of, but also their distinctive 
mimbers. The totals of the amounts debited 
to the individual shareholders must naturally 
.•(gre(‘ witli the amounts debited to the sundiy 
slia reholders' account in the general ledger, 
and the totals of the sums credited as paid 
will agree wdth the erc’dits on that account. 
This explanation u ill enable the reader to under- 
stand the enlru's appearing in the form showm 
on the next page. 
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To Share Capital Account 
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Subject to the articles of association, members 
an? allowed to transfer tlieir shares, should they 
at any time wish to do so, and it may be pointed 
out that this is a further difference between 
limited companies and partnerships, for in 
the latter a member is only allowed to transfer 
his shaie in the business with the consent of 
his partners. 

Forfeiture of Shares. A provision 
is usually ins(‘rted in the artieles of association 
givinj^ the diri*etors pow(‘r to forfeit any shares 
upon which calls are in carrear. Notice must 
he given to the sharehokha* of the intention to 
forfeit, and. if lit* fails to pay, a resolution may 
he passed declaring his sliares forf(‘ited, wIktc- 
upon lie will cease to have any further interest 
in ih(‘ni. The eonijiany will retain the amount 
paid up on the shares, and will be at liberty to 
issu(‘ tliem afresh to any otht‘r person willing to 
taki^ them, wlio may he re(]inred at tlie discretion 
of tile dina^tors to pay either the* full amount or 
the balance unpaid by the original shareholder. 

Upon the shares being forfeited, <‘nt,ries would 
he ma<le in the gemaal ledger giving (‘th'et to 
the operation by reducing the amount to the 
(Todit of IIh' capital account to the extent of the 
Slim called u]> on tlu* shares forfeited, and by 
Avriting off from the sundry shareholders' aee-oimt 
th(‘ halaiuM* due and unpaid on the shares. 'Pile 
journal entries giving (‘Ihrt to the transaction 
would be as given at the head of the next, 
pages, and \Aould hi' ))osted to the resjiective 
ledger accounts in the usual way. 

Jpurchase of a Business. The (Mi tries 
necessary to record the taking over by a 
company of the assets and liabilities of a 
vendor follow the usual lines in opeming the* 
books of an oidinary husim^ss. Accounts are 
opened for the assess and d(‘hited with their 
hook values, tin* A^endor being credited Avitb 
tbe total. 'I’lie liabilities taken over by tin* 
company are then eri*dited to tbeir respective 
u(M‘<)unts mid the vcndoi* is debited with the 
total. The result is that the books show 
all the assets aeipiired and all the liabilities 
assumed by the company, while the balance of 
the vendor’s account represents the net amount 
payahlii to him for his Imsiness. If he is paid 
the Avhole amount in cash he is debiUxl as the 
payments are made to him ; cash, of course, 
being eredit(‘d. 

Tbe vendor sometimes agrees to take part 
of his purchase [)rice in shares of the company, 
AA'hich are issued to him credited as being paid 
up — f.c., the company’s liability to him for his 
property is set off against his liability to the 
company on the shares to the extent of the 
nominal value of the latter. When ])ayment is 
made in this Avay the vendor is debited with 
the nominal value of the shares and the share 
ea])ital account is credited. The result Avill he 
the closing of his account, as tlie payments in 
cash or sharers being for the difference due to 
him will exactly balance the account. An 
account is oi)cned for him in the share ledger, 
in which he wall be showm as the holder of the 
shares allotted to him, credited with the full 
amount paid up. 
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Deo, 31 Share Capital Account. . 

Dr. 

2.50 0 0 


1 To Forfeited Shares Account . . 
j For mnount called up on .'>0 shares in name 

, this day forfeited by resolution t)f Directors 

of John .Jniifs, 


2r>o 0 0 

„ 31, Forfeited Shares Account 

Dr. j 

100 0 0 


1 To Sundry Shareholders* Account 

For amount unpaid on above 60 flhare.s 


1 

1 

100 0 0 


To make tliese processes quite clear an ex- 
ample of the acquisition of a business will be 
taken. W. Brown, a tailor, after having 
carried on business siujcessfully for some years, 
decides to retire and dispose of his busimvss 
to a limited comj)any. His assets consist of 
his freehold shoj) and premises valued at £4,500 ; 
stock-in-trade, £500 ; book dc^bts, £3,000 ; cash 
at bank and in hand, £350. His liabilities are, 
on bills payable £280, and on open accounts 
£420, leaving as his capital £7,050. The 
company takes over all the assids except 
the cash, and umhutakes to discharge the 
liabilities, 'riu' excess of the assets actjuired 
over the liabilities assumed is, iherefore, £7,300 
I’he price required by Brown is £9.000, the 
difference being the amount charged by him 
for goodwill. He agrees to accept {)aymcnt 
of this price, £0,000 in cash and £3.000 
in shares. Tin? journal entries necessary 
to record the transfer and payment are as 
hillows : 


The order of the liabilities as given in tin* 
form is (I) the capital, showing the number of 
shares and the amount pin* share paid, with 
particulars of any arrears and forfeited shares ; 
(2) the debts and liabilities, showing loans on 
moitgag(*s or dt'bmture bonds, debts on bills, 
open accounts and for interest, and also anv 
amounts due to sharehold<Ts for unclaimed 
dividends ; (3) any reserv(‘ funds ; (4) the balance 
of the prolit and loss account available 
for dividend ; and (5) any contingent liabilities, 
being either claims not acknowhalgcd as debts 
or amounts for which the company is only 
contingently liable. 

The order of the assets is; (1) pro j>crty held by 
th(‘ compa!\y. showing (a) immf)vable property, 
distinguishing fri'chold and l(‘ast‘hold laiul ami 
buildings ; and (/>) movable property, distinguisl)- 
ing stock, ])lant. etc., and giving both cost and 
deductions for depieciation ; (2) d( bis owing 

to the comj)any, showing those considered good 
for wduch the company (ri) holds bills or {h) lias 


•Ian. 1 

Freehold 1‘remiscs .. .. .. .. .. .. Dr. 

4.r>oo 

0 

0 





Stoi'k 

500 

0 

0 





Sundry Debtors. , .. .. .. .. .. .. „ 

3,000 

0 

0 





(Joodwill . . . . . . . . . . . . . . . . ,, 

l,7t»o 

0 

0 





To W. Drown Purchase Account . . 




9,700 

0 

0 


For the y)rice of assetH purchased as p<*r agreement dated 








\V. Brown Purchust^ Account . , . . . . . . . . Dr. 

TOO 

0 

0 





'J’o Bills payablt! 




2S0 

0 

0 


,, Sundry Cnslitors . . 




420 

0 

0 


j For liabilities usstnned by Company under Agreement dated 








VV. Brown Purchaser Account.. .. .. .. .. Dr. 

3, otto 

0 

0 





To Share Capital Account . . 




3,000 

0 

0 

1 For shares allotted to liiin in j)Hrt payment for business as 







per iigreeiiient dated 








Brown will also be debited and cash cretlited 
with the £6,tM)0 ])ayable in cash as and when 
the amount is paid. The student shoidd noAV 
open the ledger acaiounts and post thereto tlu' 
various journal and cash book entries in order 
that the full effect of the transactions may be 
appreciated. 

Companies’ Balance « Sheets. The 

assets and liabilities of limited com})ani(‘s are 
not, as a rule, arranged in the same order in 
the balance sheet as those of an individual or a 
firm. Table A of the Companies’ Act, 1802, 
besides providing a model set of regulations for 
a company, also gives a form of balanee-shoet 
to be used by companies governed by those 
regulations ; and the order there laid down is 
very generally adopted by companies having 
articles of association of their own. 


no security, and those considered doubtful or 
bad (any debt due by an uilieer of tlie com- 
pany must be S('parately staled) ; (3) cash 
and investments, showing the natnri's of the 
investments and the wh(*reabouts of the cash. 

Companies’ Profits. One point that 
emerges from the foregoing is that the balance 
of the profit and loss account is not transfernsl 
to the capital neeoimt, but is shown separnt(‘Iy 
and distinctly in t In* balance-sheet. This is alway-i 
necessary in the ease of a company, whatiwi r 
has been the result of tlie trading. If then* 
lias been a loss the balance w ill appear on the 
assets side of the halanee-sheet. The disposal 
of the profit is usually shown in the ledg<*r 
in an account called the Appropriation of Profit 
Account, a specimen of which, with the balance- 
sheet of a company, is given later. 


Continued 
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By D. A. LOUIS 


'“TIIK transition stu^e f(H‘ o|M‘n-<*ast to under- 
* f^round working is shown by diagram in 55. 
'riio tirst. and second terraces liave la'cn worked 
open-east, l)ut the tunnel has }»een driven iii at 
the. level of the third terrace to expedite the 
tiansferenee of the ore to the railway. 

Bell Pits. The Ih‘ 11 pit is ])erha]>s the 
siin])lest, and, at all i‘venls, the least pretentious 
of iimh'rground workings; it is applicable only 
lo shallow deposits not de(‘j)(‘r than iiO ft. or so. 


ing workings a wall of unworked deposit is left 
to su])[>ort the roof and to prevent the pit 
collapsing. 

Hand Dug Petroleum Wells. Shallow 
deposits of ])etroleum are, in some locali- 
ties. worked by means of shafts, and men 
go down tlu'se and till buckets with the oil, 
which is drawn to the surface by windlass or 
whim. And odd -looking figures "the imui look 
when they conu‘ up r(‘(hing with oil. Fig. 58 


with good solid strata or beds abov('. It is an 

ancient and primitive method of working, ^ 

but under some eireumstanees should by 
no means l)e dospisial. A 

shaft as small in size as is 

teasible is sunk, and is 

widened out at tlu' hot- X 

tom lo as larg(‘ an ex- 

t(‘n(- as is consist<‘nt with / / 

safety. A H'indlas.'i or a / / 

irh i p, or trh i 

(‘reeled at the top of the 

shaft, sufiiees for draw- cc 

-HK up th,. r<„.k „.ul 55. tk.xs,t,on 

min(‘ral in ordinary ' , " 

buckets or the larger mining Imcket or kibble. 

In the east' of th<i whipsydeny, the rope from 
a pull(.*y in thc^ head-g('ar, instead of being wound 
on and olV a windlass, passes und(‘r a pulley on 
the ground, and is liitc'hed to a horsi', the load 
being raised or lowered by walking the horse 
away from or towards the shaft. When the 
d(‘|M)sit is worked away as far as safety ])ermits, 
the pit is abandoned. One or several pits may 
be at work at tliesanu' time, but between adjoin- 


r(‘presents a sei'm; witnessed by the wriU'r in 
Roumania. from a, photograph by Or. 
l)vork(Jvitz. The p(.»sition (jf thc^ wells is 
indieatc'd by llie beli(jws used to supply 
the ni(‘n with air, and by the horse whim 
used for drawing up the huekets 
. — ^ <>1 oil. Alongside (saeti well is a 

‘ overed eireular tank into which 
tin* oil is run from the 
\ buckets. 'J’wo of th('se 

^ tanks ar(‘ shown at tlie 
e(‘ntre of the picture, 
oriox-CAST TO TTNDKii- jx'ople Standing Oil 

"OKKINU 

The Horse Whim. 

'rhe borsi*. whim consists of a drum or short 
wooden eylindt'r, u])on wbieh the rope from 
the shaft winds, i'his drum has a vertical 
shaft working in a fo(.)t jiicaie on tlui ground and 
supported above by a transverse' Ix'am raiscvl cm 
standards at t*aeh end. A crosspiece extends 
lujiizoiitaliy from the shaft below tlui drum and 
forms two arms, to one of whiedi tlio horst' is 
attached, the^ rope making a few turns round 
the drum, ^'he horse is drivam in one direction 



56 V\y LJSV 13L, Fri.LKRS’ EAKTII mine at MIDFORD, NEAR BATH 
Fhoi»>i*'rapl» by the tJeoloK’lcul Survey 


until one bucket is lowered to 
th(* bottom and the other raisc'd 
to the surface: ; and then, V)y 
reversing this course, the latter 
bucket, having been emptied at 
tln^ tank, is made to desccmrl, 
while t in; other, which has been 
lillcd below, is drawn up. 

Petroleum Wells. 

Usually, liowever, with petro- 
leum a borehole suHiccs for the 
extraction of the oil, and, in 
fact, the oil rises in the bore- 
hole in most instances and 
discharges itself at the surfacJc. 
7'his occasionally liappens with 
groat violence, and the petro- 
leum is projected many feet 
in a great jet, sometimes even 
wrecking the whole derrick and 
plant. This appearance of 
petroleum is known as a spinUer 
or fountain. When oil does not 
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rise of its own accord in a petroleum well and 
where conditions are suitable, as th(‘y are in 
('lanada, Pennsylvania, and (Jalicia, for instance, 
the oil is extracted by means of pumps. When 
conditions do not permit of the use of pumps, 
as at Baku, in Russia, where saiul accompanies 
the oil and would interhu’e with the valves of 
pumps, bailing is resorted to. That, is, long 
narrow buckets,,attach(‘(l to a rope; run down 
the boreliole into the oil, are allowed to hll, 
and are then Avound up again and emptied at 
the surface, to bo let down and refilled, and 
so on. 

Longwall and Pillar-and«stall Work- 

i ng. Such simple met hods as t lu'se can, Imwe ver, 
rarely bo adopted advantageously, and to work 
adejwsit byund(‘rgroiind methods entails a av ell- 
considered and systomalie plan of operations 
wliich rc(piiros adaptation to suit eaeh particular 
case, and is bast‘d on certain geiu'ral and well- 
defined principles. For instance, if tlie deposit quarries, or the (Miisclhurst chalk c;aA'es, K\"t‘n 

be more or le.ss horizontal, it will be approached .sand may be wf)ik(*d in tliis way; the photo- 

by a shaft, or two shafts, and A\ ill be AvorkedaAA'ay graph (57], by ^^iss Mary Jobn.ston, shows 

by driving larg(' passages in the deposit, Avfiieh Avorkings of this description in th(‘- Lowei* 

may then be riunowd in long slices or (*uts, (Jreen.sand beds at (lodstone, in Surrey. It is 

similar to the long cuts or slices removed in remarkable that, although the beil is quite 

'Aorking tlu^ iron ore in Lincolnshire already loo.se .silver sand avIhsi disturb(‘d, yet the pillars 

mentioned. are (juite suflicient to supjmrt the woikings. 

Or the deposit may, ])erhaps. be better The former system is known as / ow/mvi// working ; 

worked by making eomparatively .short and the latter system as pillar -amh.st all Avorking. 

narrow* cuts, leaving blocks lui worked to support TJiesc .systems are employed mostly for working 

the roof, such as the system seen in the limestone bedded deposits, but some veins and masses are 

A’orking.s ne‘ar Dudley, or in the Beer stone \vorked to advantage by these methods. 



68. HAND DUG OTL WELLS, B|;8TENARI, ROUMAXIA 



67. PILLAR AND STALL AVORK[N(JS IN SAND 


PhoL'^rapli hy fhe Associiition 
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59. TIMMKK AND STKKF. SIM'I'OIITS IN A LKVKI. 


Vein Mining. liowcvcr, 11 <l(«posit 

is »t(H'|)ly incliiK-d, or vertical, a shaft for 
woi'kin^ may occasiiinally be sunk in the di'posit 
itself, and side passages or levcln driven from 
it at eonv<'ni(‘nt deptlis apart in the def)osit 
its<‘lf, which is tlien worked liy removing 
fnmi overliead, tca'ined orerhand 'Stopirufy or by 
digging it away from umler foot, termed umkr- 
hand sfnpintj. In this class of mining, it 
is fre(]uen(ly better to sink the shaft in firm 
ground if) tlu*di[)<)f the vein, so that the latter 
will b(‘ inlerei'pted at some speeilied depth. 
'Then passage's, known as aret driven 

through th“ e-ountiy to mee't at right angles the 
veins, wliieh are worketl by the passages in or 
alongside tlu* v<‘in or levels 
and slojM's as in the pre- 
viou.'* ease. \'eins gener- 
ally, and many tilted 
bedded (.ie])osits oei'asion- 
ally, are worked by shafts, 
levels, and sk)])ing. 

Adits and Day 
Levels. Whenever it 
is possibk' to do so, the 
d('posit would be preh'r- 
ably worked by ai\ adit or 
dap livef — that is, a j)as- 
sage driven from theopim 
air cither on the deposit 
itself or as a cross-cut to 
meet the deposit at right 
angles. The latter practice 
is generally ])referable, as 
it ensures the strong level 
being in conn try, and also 
serves to explore any pa- 
rallel veins. Adit minii.., , 
however, ean be a|)propri- 
af ely adopted only in hilly 
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or mountainous regions where there is a con- 
siderable extent of the di'posit above the point 
where the day level would be driven. This is 
frequently tln^ ease, and day -level or tunnel 
working should be used wherever these suitable 
conditions obtain. It is more economical than 
shaft mining, inasinueh as, instead of having to 
raise the ore from the mine by machinery, with 
a possible (‘onsiderable outlay for powau’, the ore 
from above ivaelu's the day level by gravity, and 
has simply to be tnimmed or otlu'rwise got along 
tlu* day level to the open air. Wlien the day level 
serves to drain the mine, it is railed an adit, and 
saves the exp(*ns(*of pumping in the area above 
it. But ev(‘n in the ease of an adit a vertical 
shaft would be sunk from the surface above to 
meet it at its inner <*nd, so as to eieate a current 
of air for ventilatifm, and as a supplementaiy 
means of access to the mine, which ean lie useful 
in varioi s ways. 

Driving the Adit. The n lit would he 
driven in the same way as the eosteaning drifts 
already deserihed, hut of a huger size, as it 
would probably he the main outlet. It would 
I).' eandully timbered wht'n' reipiired, and would 
he given n slight but ri'gular fall towards the 
mouth, so a.s to allow water to How out find to 
have the grad' in favour of tlu^ heavii'r full 
waggons. Kig. 59, from a photograph by Mi'. 
Williams, illustrates two modi's of supporting 
a gallery all round ; immediately in front the 
supports art' of timbi'r, while at the hack they 
t iki^ the form of stet'l rail arelu's. 

'rile day level may, howi'vi'f, be comparatively 
insignilieant, as. for instance, at the fullers' 
earth mines near Bath |56J, where small work 
serves tlu' pur})ose <juite well. These workings 
an* very closely timben'd ; some of the limbers 
may be seen projecting at tlu^ mouth of the adit. 
On the other hand, where operations are con- 
ducted on a mori' extensive' scale the adit is 
given commensurate diuu'nsious ; Fig. 60, for 
instance, represents an entrance to an iron ore 
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mine in Sweden, whore a large and heavy out- 
put has to be maintained, and the adit is in con- 
sequence quite a dignified tunnel. 

It is extremely di^sirable to have the main 
artery as s(^oure as ])ossible, whether it lie shaft 
or level. 

The Shaft. The inmilon of a Mhift far 
rein wining would be dot er mi ncfl liy the ])re- 
liminary investigations. 'riie site would b‘ 
sel(‘fted so that as gre;it a part of tlie mining 
{IS possible could be done with a minimum 
amount of cross-cutting. Verticiil slnifls are 
generally prebuTod bi'cause tliey arc easier to 
sink, and they {ire mori^ conviuiient for wind- 
ing both m(*n and m.'iterial, jis well as being 
liettiM’ adjipted for jiumpirig jmrposes. 'riiere 
is a fascination in following the downward eourst^ 
of a lode by an inclined shaft, inasmuch as it 
gives some information {ibouf the character of 
the vein all the while the sinking is progressing; 
but this gcnemlly jirovcs a jioor recompense 
for the subsequent inconvenienci'. Moreover, 
the ground in the vein is randy jis ndiable as the 
country, which is a very great considm-ation with 
such an important jiiece of work as a sliaft. 

In medal mining tlu‘ slmft is usually 
rectiingulai*, and is maile of sufhcuuit 
size to allow the proposed output to 
pass, to accommodate 
piimjiing rods, and to 
provide a laddm’way ; 

HI ft. by 7 ft. is Jin averiig<‘ 
dimension. When the 
size and position of the 
shaft have been decid(‘d 
Jind the charact(*r of the 
ground does not jirovide 
room for dejiositing 
wjiste, or when* tluu-e is 
djvnger from flooding, 
the mouth of the shaft 
is raised abovi^ the surroiuiding level, 'flu' shaft 
is sunk in the same wiiy as the costeaning pit, 
but with more ciin*, (‘sjiecially in the timbering 
and in ensuring vcrticiility. 

Timbering the Shaft. 'Hie timbering 
usually taki^s the form of frames of sipiare 
timber, consisting of two largt*r pieces called 
mUl- plates [63ffl] {ind two shorter ones called 
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etid - pieces 1 636], 
joined by halv- 
ing the tim- 
ber at each 
end. The 
se pivrate 
frames, 
when re- 
<1 u i r e d , 
are k<‘pt 
.apart by7j 
the intro- 
d u e t i on 
o f d i s- 

pieeW or timhickino in a shait 

st addles [63</J, and wluae there is danger of 
loo.se ground falling in, lagging of bo.aials |63, 
(\ r], called barh'mj deals, or of poll's or small 
wood is packed bcliind tin* frsiines. And as 
oiaaision deiminds, eornerqiieees .are nailed in 
to keep the frames in poidlioti; jind lashing 
de;ds, nailed inside from frame to frame, art^ em- 
ployed when it is desired to hind tlmni all 
togeth(*r until propcily supported. Tlie franu's 
art' put u(‘ar(‘r togetlu'r if tiu' ground 
hi' looser, and, at the top of the shaft, 
{ire fri'quontly set continuous [61). 

When the slmft is 
dividi'd into eompaii* 
mi'iils, timbi'rs ciillid 
hantnns^ or dividiu's, lo-e 
lixeiJ {icro.ss tlu* shaft 
pji 1111101 to the end- 
jiieces. IMiiiiUs ov easing- 
hoards are nailial to the 
buntons to form a eon- 
timioiis [uirtit ion ; tlu* 
Imntons {dso ejuay the 
ejig(‘ guides and assist 
in supporting ilu' l{idd<‘r 
jiljilforms. 'rile timhenug is supported in tlu* 
slmft liy special liiiiekets or hearers. In soiiu' 
laises the end pieces an^ made long (‘iiough to 
project heyiaid the w {ill-plati^s and rest in niches 
m (he rock. 

Plats are exiaivafed in tlu^ sid ‘ of (h(‘ slmft 
to jirovide retiring places for men during hljisting 
ojier.ations wliile sinking is in piogn'.ss, I'liey 
servi*, sub.s(‘quently, {is jilaees for ore bins 
when working with a skip. 

Levels or Cross»cuts. T\> eonii'ci 
the slmft wuth the deposit to be worked, gjillerics 
are driven out from it sit distanei's vjirying 
from 50 ft. to 100 ft, {ipart. Fig. 62 shows 
galleries branching from ea<^h side of a slmlt 
and a modi', of timbering. Jf these arc driv'cn 
in the country they arc called eross-eats, and it 
ill the vein, levels ; they are secured by timbering 
as circumstances demand, are sliglitly grad'd, 
the fall being towards the shaft, while a gutter 
is providi'd to carry aw'ay any water ; 0 ft. to 
7 ft. by 4J ft. wide is an ordinary size for a 
level ; 7 ft” high by 0 ft., 7 ft., or more wide is 
a large size, but it is well to have plenty of room, 
to faeilitato tramming and ventilation. Photo- 
graph 64 was taken in Foxdale lead mine, in the 
-^sle of Man. It shows lead miners at work, 
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and one side of the drift is firm rock and requires 
no support. Notice also the picks, drills, 
liainmor, shovel, wheelbarrow. Fig. 65 shows a 
mode of supporting lev<‘ls used in the Transvaal. 

Winzes. {Small c onneeting shafts are sunk 
or driven upwards, or raised from one level to 
another, for the purpose of ventilation and also 
to facilitate the liandling of the ore and to 
break the vein into eonvt'nienl blocks for 
working. When driven upwards the work is 
railed a raise or rise, when sunk, a myize ; but 
the completed work is usually called a winze, 
ho\vercr made. 

Development. Shaft sinking, cross- 
cutting, level driving, making raises or w'inzes, 
excavating adits — all tliese operations are 
knowm as dead-wark, or development work. 
And exci‘pt when any of this wmrk is done on 
tlu^ vein, dev(‘lopment. work docs not yield ore, 
hut thorough d(*velnpmcnt is one of the most 
important factors in good mining practice. 
For not alone should a good lot of ground ho 
opened up or laid open ready for the removal 
of ore or prod art ire work before th(w> latter 
operations are started, h\it even wlien the mine 
is in full swing developimuit work should he 
kept well ahead of the productive work. A 
good example of devt'lopimuit wmrk being done 
at a profit, whic^li, however, very randy happens, 
came within the writer’s (‘xpcrience when a 
shaft was sunk (>00 ft. in a load vein to connect 
with an adit ; the ore excavated in making tho 
shaft more than paid for the whole work. 

Productive Work in Vein Mining. 
This should he started only w'hen the develop- 
ment work is well advanced, wlion plenty of 
ore ha.s Ix'cn blocked out by l(‘vels and winzes. 


and when there are plenty of harks — that is, ore 
above the levels ; then, and then only, should 
the actual winning of the ore or stopim) be started. 
This is done cut her by digging out the ore below 
the level — that is, by vmierhand sloping — or by 
taking it out from overhead — that, i.s by ot’cr- 
hand sloping. 

Undei hand Sloping. Underhand stop- 
ing is commenced by d.,;ging a hole in the 



64. LKAD MINERS AT WORK. FOXDAI.E MINE, 
isr.E OF MAN 


floor of t!ie l(‘V(d to tho d<‘plh of a few' feet 
and tramming tlic material away, when tho 
excavation is about three times as long as it is 
deep ; it is deeptmc'd by sinking anotlicr hole 
at the centre and following on by attacking 
tho material on each side of this hole. Tho 
excavation at the*- top is then enlarged by 
cutting aw’ay a block of ground at each end. 
'riie hol(‘ at tlie centn* is next dee})ened another 
stage, and so th(> w'ork goes 
on, removing blocks from tho 
top and each micceeding stage 
in dt^scending ordor, always 
df'oponing tho e('ntro hole in 
its turn. 'I’he excavation very 
soon looks like two rougli 
kinds of staircases, meeting at 
th(‘ bottom, each stage or step 
being a few feet deep. The 
(‘xeavalion is done by pick 
and shovel, wedge, or gad, 
and hammer, or drilling and 
blasting, jmst as tho character 
of the ground demands; and 
to deal with tho material ex- 
cavated timber platforms 
called .stalls are erected, and 
upon those the worthless stuff, 
attle, is throwui, while a wind- 
lass and buckets serve for 
drawing up the ore to the level, to be trammed to 
tho shaft and w ound to surface. When tho exca- 
vation reaches the level below, hoppers or shoots 
are put in, and into these tho ore is charged, and 
the trouble and expense of winding to the level 
above is saved. For this reason, too, an under- 
hand stope can be advantageously worked at 
tho side of a w inze, for then the ore is allowed to 
fall down the winze to the level below'. 
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and Navy Departments. The Coastguard Service 

N S IIOVAl, HI liVII 1 

Coiitiniu'd fiMiii 

By ERNEST A. CARR 


Apppintments for Junior ClerKs. Tlio 
va(;ancies on the junior staif of thr Admiralty 
Supply and Accounting Departments, tlie 
Koyal Ordnance Factories, and the Army Ac- 
counts branch of the War Office*, arc tilled by 
im*ans of joint open competitions, to which all 
candidates l)ctwc(*n the ag(‘S of 18 and 20 art* 
admissible. K.xamincrships in the Kxche<pn‘r 
and Audit Office an; also olfcred at the same* 
contests, but for the present we arc iiit (‘rested 
only in the Admiralty and War Office* appoint- 
ments. It should be not(‘d that the age Jimils 
art* extended in favour of persons who have serv(‘d 
in the Army, Navy, Royal lrisl\ ('onstabidary, or 
t’ivil Service. (.'om]>etitors an* allow(‘d to eiil(‘r 
for any jjc^st tor which ttiey are cligibh*. and, if 
successful, to choo.s(* among (‘xisting vacanci(*s 
ill tlu* various ofliiM's naim*d, according to their 
position on the comhiued fiass list. The ex- 
ajiiination fee has very recently IxM'n n'duced 
from £t) to 

So far, at least, as the two “ lighting depart- 
ments are conceriKKi, these situations should 
be distinctly attract iv(* to any well-educat(‘d 
y(mth whos(‘ ambitions ext(“nd beyond the 
S(‘(;ond Division or Excise but who '‘annot afford 
tin; special training needl'd in order to win a 
first-grade ])ositi(.m. Th(.*y otfer both a very fair 
salary and exct*llent ])rospi*cts of ^iromotion. 
Exc(*pt in tin; Ordnance Factories, the hold(*rs of 
junior appointments csca,[)e tlu* monotony of 
ordinary office lile by changes of station and a 
considerable sp(*ll of fon'ign s(*rvice. Few clinks, 
indeed, on tin; home Civil S(*rvice staff are as 
fortunate in this respect. 

These officers are all a|)])ointi*d at a uniform 
scale of pay. For the first two years they arc 
on probation at a fixed salary of £100. It is then 
raised to £120, and progresses by £10 yearly to 
£200, and afterwards by £1”) to a maximum of 
£1150. But that figuri* does not by any means 
represimt tlu; average, value of such ajipoinl ments, 
for there arc many higln*r stall positions attain- 
able, with salaries ranging u]) to £800 or mon*, 
and valuable allowances in addition. 

The Naval Service. Under the Ad- 
miralty, moat of tln‘se higher positions are at 
tile dockyards and naval stations at home and 
abroad. All offiei;rs seiw ing abroad are granted 
local allowances, and either a house or a further 
allowance instead. It is the practice of tlu; 
authorities to limit the term of foreign service 
to about 12 y<;ars, of wliich some five years may 
be spent at tropical stations, and the remainder 
in temperate climates. As officers are rarely 
kept at one station more than three years in the 
tropics or five years elsewhere, their service 
abroad is pleasantly varied. 


'Phe possibilil i(‘s of tlu* Admirally service are 
best illustrati'd l)y official iiguri's. In a total 
staff of 187, (‘xact iy lOO posts carry a maximum 
.salary of at least £r>0() a yi-ar, and of this number 
20 arc remunerated willi £700 or u]) wards, irre- 
.spcctive of allowances. 

Wap Office Posts. Successful caridi- 
dati^s who (‘lect to (‘liter the .\rmy .Vceoimts 
Department arc appoiut(*d on the (‘xpress 
mid(‘rstaiiding that tlu*y an* liahli* to si'i've 
either at the War Office or at any station at home 
or abroad when* our lroo])s may be si'rving. 
Ubang(*s of station iin*, in fact. fre(pu;nt, t)ut 
foreign service seldom extends beyond a few 
y(*ars si'ven at most — and is rev arch'd w ith 
(‘xtra allowaiu'es to cover the incn'asc'd cost of 
living abroad. Otlici'is ai*c appointi'd in the lirst 
instance as Assistant Accountants of tlu* second 
class, hut those* who show a])titud(; for their 
duties arc eligible for promotion to the first 
class and to higlu*!* jiusitions. As a further 
cnc()urag(‘nu*nt to men of ability, then* is a 
provision that officials of at li*ast live years’ 
S(*rvice in the d(“partnu*nt may hav(; their salary 
spi'oially raisi'd to £21.') a year. Tlu* stalf of the 
Army Accounts branch is constituted as follows : 


228 

£1()(M() £850 

110 

UIK) -- £15 — £500 

5,") 

CViO - £20 -- £700 

2 

£850 

M 

£8.50 - £50 — £1,000 




.\])poiiitmcuts in the Royal Ordn.oice Fac- 
lori(*s are far f(*wcr in number, and (io not involve 
f()n*ign service, officers being attaclu'd to Wool- 
wieb, Waltham Abbey, Enlield Lock, or Bir- 
mingham, as the needs of tlu* sc'rvici* rt'tpiin*. 
'riu;y have* a.ssuied prospects of at least £500 
a year, with ebaures of £70t) or more ; but 
this branch of the si'iviee docs not aiford as 
much sco})c as tlu* accountniicy .st*ction already 
discussal. A competitor who succi'i'ds in taking 
a high placi^ on tlu* combiiu'd list would tlmre- 
fore be; well a.dvis(‘d (if lu; has no objection t(' 
fon'ign siM’vicc) to s(*l(‘ct tlu* Admiralty as a 
carei*r, and in di'fault. the .\rmy Accounts, in 
prefer(‘nc(‘ to tlu* Ordnance Factories. 

The Competitions. Uarididat(*s are at 
liberty to take up all tlu* first live in the following 
list of subjects, and any t>}'o of tlu; remainder. 
Of course, no one Avould have the smallest ebanee. 
of success wlio offered l(;ss than the maximum 
number permitted. Failure in arithmetic (w 
composition disqualifies for an appointment. A 
detailed syllabus, setting out the procisi; scopi; 
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CIVIL senvioE 

and charact'v^r of the examination in each sub- 
ject, may bt3 obtained from t-U ' ^-ivil S(‘rvict‘ 
Commission. 

1. Mathemati(ts I. — Arithmetic, geometry 
vKiielid I. to VI., or work equivalent in scope), 
algebra, sim})le trigonometry, dynamies, and 
statics, with graphs and practical work. 

2. T.iatin, with cither Latin vcM.se or Ibnnan 
literal ure. 

.‘h French or (Jerman, including conversatu)!! 
and writing a letter or c.ssay in tlie language. 

4. Fnglish composition and precis writing, 
and the reproduction of a passage read o\it. 

5. ( J(‘()gra])hv. 

(). Mathematics 11. — Solid and (*o ordinatti 
geometry, tlu' ealeuliis, (‘te., with a practical 
pa]>cr. 

7. The modern language' not taken under 
heading 11. 

S. (^reek. 

b, in.story. — Knglisli, and a sjx'eial period in 
Kun)pean history. 

in. Fxperimeiital science (physics and 
chemistry), with simpl«‘ practical work in each 
section. 

In th(‘ last suhject, 7o per cent, of the total 
marks may he gaine<l by a thorough knowledgi' 
of vither branch. 

Engineering and Surveying Posts. 

Landidatos for tlic somewhat valuable position 
of assistant civil engineer in the Admiralty must 
be betwc'cn 2‘1 and 2H years of agi‘, and must 
satisfy the authorities that they are qualified in 
respect of technical (‘ducat ion and practical 
training. On the latter point the .standard pre- 
scribed is at least three yc'ar.s' satisfactory servica* 
with a civil cngiimcr or architect in gocxl general 
practices, or a l('ading engineer in the dockyards 
c.»r the Army, Kxc(‘pt in Fnglish composition, th(3 
examination scheme is wholly technical. Tt 
inehuh's mathematics and applied mechanics, 
s!irv(‘ying, liydraiilic ami sanitary engineering, 
drawing-oftic(‘ work, spcciti- 

a t i o n s, (piantities, and 
(’stimates. On appointment, 
these officers recciv(‘. £200 a 
year, rising to When 

made Admiralty civil engi- 
neers, they start at the latter 
Hgurtj and advance’ to at 
least £or»0, with a house 
allowance', and with further 
prospects up to £l ,200. Th(3 
civil staff of the War Office 
im'ludcs a few proh'ssional 
])o.sts corn's ponding gc'ru'- 
rally witli tlu' Admiralty 
ap])ointments. 

The nomination of the 
First Lord, coupk'd with 
an examination similar to that prescribiid 
for enginet'ring posts, hut less searching in it^ 
scope, admits trained men between the ages of 
21 and to tlu* giade of assistant surveyor to 
the Admiralty. They I'^gin at £150 a year, 
with a maximum of £4(M) as assistants and £600 
as surveyors ; and tor them, as for their engineer 
colleagues, there are considerably higher posi- 
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tioiis witliin reach. For the special regulations 
framed for each of these classes of appointment 
application should be made to the department 
concerned. 

Assistant Clerks in the Navy. Youths 
who covet a sea life but have not been able b' 
undergo the long, expensive training exacted 
of budding naval officers, should turn their 
attention to the limited competitions 'for 
as.sistant ck'rkships in the Navy, admitting to 
the well-paid and attractive calling of naval 
paymasU'r. Probably because the advantages 
of this si'rvicc are not as well known as th(3y 
deserve to be, the competition for vacancies is 
not very si'vc'ic ; and lli(3 entrarK':* examination 
off ‘I S no serious obstacle to a Avell-educatcd lad 
with a fair knowledge cither of three foreign 
languages or of two languages and the elements 
of natural science. 

Many would -be conipetit-ors are discouraged 
from entering by the fact that a nomination is 
n'quisite for the\sc appointments. But this 
difficulty is more apparent than r(‘al, as private 
inffuenet' with the naval authorities is not 
inqH'rative to secure the right to compete. A 
nomination by the First Lord of tlu^ Admiralty 
is ri'adily granted to suitable^ eandidates. A]>pli- 
eation sliould Ix' made to his ))riv'ate seerrdary 
as soon as tlu* lad for wliom it is sought reaches 
the age of 16. The contests, which have hitherto 
taken place lialf-yearly, will in future be held 
each June — probably for about 40 vacancies — 
and candidates must be between 17 and IS years 
old on the 1 5th of the following tluly. They must 
•also he wi'll developed and active for their age, 
and physiei.lly suitc'd in all respects for servieo 
in th(3 Navy. Short sight will not necessarily 
disqualify those who are otherwise lit. 

The character of the cntranci^ examination is 
shown by our schedule of subjects and marks, 
which relates to a competition for 10 places 
lately atttmded by 47 aspirants. 


.V note may bi3 added on these subjects. 
.Mathematics consists of algebra, geometry, and 
trigonometry ; the test in English incliidt's 
precis and sliorthand (the latter being of special 
importance) ; and the English history paper 
has particular reference to the peri^ since 
1485. In modern languages special attention is 
given to the oral examination, and the language 


1 EXAMINATION 

FOR 

ASSISTANT CLERKS 

IN 

THE 

NAVY 




()BLI«.\TOUY. 


Any 

OPTION. : 

,u(>in:i_\ b(‘ tnlvrn. 


i 

Oliru.K : 

OK 1 

Mekit. 

I 

1 

__ 1 

' < 


u 

c o 
ci*;2 
33-7 

Tt 

U3 

ty. 

i: 

2 

AlU*niati\ c. 

i i 1 

£ ! I 

Latin. ' 

riiS 

0) 

O 

Klfiut'iilan i 

i 

i 

1 

hi 

c 

5 

£ 

Total. 

.Milviniiiiit 

r)iK> 

(i0(» 

i 

4(K) j 

(MM) j (i(M) 

UOO 

(i(M) 

(iOO 

im 

4,000 

No. 1 .. 

yso 

1 :m 

47.') 1 


450 { --- 

40.5 

.'■)72"| 



2,801 

No. 1',) . . 

:uo 

1 ;{00 

1 1 

1 l:i:( 

■m 

•J-il 

- 

:i(M 


2,143 




CIVIL SCRVICE 


not offered as obligatory may be taken as an 
optional subject. The science papers relate 
1o mechanics, heat, physics, and inorganic 
chemistry, and inchido practical tests. 

Successful candidates are appointed as as- 
sistant clerks at ‘2s. (id. a day, and ^vhilc in that 
grade must be furnished by tluur ]>arcnts tu- 
guardians with an allowance of £*2() a ycai-. After 
a year's service, and on passing a further (‘xami- 
nation, they ai‘c ratc<l as clerks at 4s. a day. 
Their further prospects may be judged from 
official statistics of the Servict*. 




Pv>. 

.NO. 

lai \i>K. 

^ 



Per l>av. Per .\mmni. 

41 

Assi.stant Ctorks .. 

2/(5 1 i;4.^ 12 (5 

uo 

CliM-ks 

4/- i eT:! a (( - r' 



; ( .eoi r. a i i ;; 

220 

A.st«i.st.aut PiiM II asters 

*»/- to 1 1 (> ; ' to 1 - 



‘ 1 €2(K) 17 (•> \ 

2.^^? 

Pil^nlus(^•r^^ (ill \ 

11 Mo “ 1 


thn'o classes) , . / 

‘ 1 i £sa2 r> a 1 ? £ 

12 

Pa.i Miastcrs-iii-('hii*f 

; £<ia;t 10 0 '' 


4'h('sc figures show that speedy ])romotioii is 
assur(‘d, at least to tla* grade of junior pay- 
master, for an offict'r wIjosc conduct and abiliti(‘s 
are satisfaebuy. And the lates of j)ay arc 
high (mough to render liim s('lf-su))porting 
after the first year of his sea s(‘rvic<‘ — a great 
advantage to candidat 's who-i(‘ relative's an* tiot 
wealthy. 

It need only he added that the sea life is a 
ph'Jisant and varied one, and that the pay- 
master’s j)ost is generally regaide'd as the easiest 
berth in ship. 

Writers and Others. The elerieal staff* of 
the Admiralty ineludes aniimher of subordinate 
officers known as writers, and 
emx)loyed both afloat and 
ashon^ Their ranks are re- 
cruited in part from a])plieants 
trained for the S<u-vice at 
Grccnwicdi Schools, partly by 
competitive examinations in 
simple English subjects, sJiort - 
hand, and typewriting, b(4d 
half-yearly fit the chief naval 
posts. 

('andulcates nuist he between 
18 and ‘23 y(‘ars of age, and at 
least 5 ft. o in. in height and 
32 in. round the chest. In 
the Fleet they receiv(? 2.s. a 
day on appointment, rising 
to (is., with free rations. The 
dockyard rates begin at 4s. a day, and 
candidates who display aptitudi^ for the work 
may obtain higher-grade posts, in which their 
pay may rise to a maximum of lls, daily. 


Executive posts in the llectsaud naval bases — 
such as obtained, for example, by means of 
the examinations for hoy artitieers and dockyard 
appn*ntices - arc considered part of tlie Navy 
proper, and will thiuefore he diseussed in the 
section on that subject whi(‘h is to siiceet'd the 
present course. For our pur])ose, thi^ ('ivilsidr 
of the Admiralty may hi' eom})lcled by a few 
words on the eoudilioiis of entry and rates of 
pay Avhieh obtain in the Foasl guard Service. 

Coastguard Service. Seamen of good 
character who have eomjdided nine years’ con- 
tinuous siM viee, and »ir(» recommended by thi'ir 
i‘aptniiis, an^ idigible for admission to tlu^ Coast- 
guard under the following conditions, 'riiey must 
he traiiU'd men or holders of a torpedo or 
gunnery rating, Jiot over 37 years of age, ahli‘ 
to swim ami to read ami write, ami willing to 
re-engag(‘. if ni'cessary, for eoiitinuoiis siawiie 
to complete their time for a pension. .\ limited 
inirnher of stokers of I'iglit yi'ars' sci viee are 
a'so admitted, mid carpenti'rs who liavi' starved 
for ten years in tlu^ Fli'ct with “ very good " 
eharaetvr may he. appointed as divisional ear- 
jMMiters ill the Coastguard. 

(‘oastgiiard men are liable to he iMiiharked in 
turn for sueli cruises as the Admiralty may 
appoint, and if found unfit for active service at 
sea may be diseliarged with a pension or 
gratuity, according to the length of tbeij* 
service. Otherwise tlu'y are retained until the 
age of .'ll), or, in the ease of chief boatmen-iii' 
charge, until 55, when they retire on a life 
jiension. 

Apart from the commissioned officers, who 
uumlieronly 103, the strength, ratings, pay, ami 
allowances of the ('oastguard Service are as 
stated in the table on this page. .Modest as are 
the rales of ])ay in themselves, it must hi^ 


rcineinheri'd that the provision of fri*e ipiarters 
is a valuable one, and that with this advantage 
and a liberal allowance for rations, the coast- 
guard’s needs are srmill. 


Conliitned 


RATES OF PAY AND ALLOWANCES 

FOR COASTGUARD SERVICE 

No. 

Kilting. 

Pax . 

Pro\ i''ioM 
.Mloxxaiiei*. 

other Kinoinnient V. 

• - 


£ s. d. 

£ d. 



i>t\isiorial Cliiet OltHM i'- 

1.S2 la a 


,\llox\aiiee Cor i^>iiar(er-:. 

247 

Chief Ortieei s . . . . 

ia:> la a 



, 

risin;.' in !a 





1 

1 <*ars to . 

14(5 a a 




i' 

Cliief P.oatiiien-iii-<’har;f< 

:.7 l.'i la 





Chi«‘f piialiiM-ii 

m la 10 



Free «,Juai t«*r''. 

4010 ' 

,, liftin' 4 sears 

14 2 1 



' 

Connuissioiied Uoatiueii 1 

i :n is a 



1 

1 


Uoatliiell 

! 2S 17 11 



; ' £1 lls. Sd. Toni Mon. \. 

1 

\ 

Ilivivioiial Cai'iieiiters .. 

! .'lO :i a 



4'jm 


1 

i 


(lood Conduct RadH:cs, 1<1. a dav tor ijueh l>adi;e. .\II exr 

■cpt Oix isional ( 'ai jienlers. 

1 

3d. a ila.v when oiiiililieil as Traim d 

.Men. 
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MATHEMATICS 

FRACTIONS & QUADRATIC EQUATIONS 

22 

Division of Fractions. Reduction of Compound Fractions. Equations with 

ifinliinuul fiojii p.ijfi' 

Fractions. Definition of and Methods of Solving Quadratic Equations 


By HERBERT J. ALLPORT, M.A. 


FRACTIONS— coni iiiiic'd 
Lit 


87. Division of Fractions. 

be two fr.’ictioiis, iiml lt‘t. x 


b 

ik'iiote 


ilimtient 


d 

Y X 


TillMl 


lint, if we 


d 

(liviile 


d"^ d’ 


llien ninltiply tbe (piotieiit ))y the same ipianlity, 


it is elear that the result is 


Thii 


XX , X 

d 


-XX , x 

d 


d 

d .. 

d _ 
r 

X ^ 


a 
b * 
a. 

i , " 
xrd 
vd 
n 

1 , ^ 


[Art 88.J 


Therefore, 

But 
Hence, 

That is, to diridf one ft art ion />// anof/ier., in- 
reft the divisoi\ ttnd pn treed as in nndtiitfindion. 

88 . Botli ill inultipliearioii and <li vision we 
must, of course, reduce tlie result to its lowest 
terms by caiuuillinj^ common factors of the 
numerator and deuominutor. 

Example 1. Simplify 
x' |-.r// ^ 

.r'-.r‘“// X 4 // 

W'e ri'solve the numerators and denominators 
into factors, and cancel those wJiieh are eommnii 
to till! numerator and denominator of the 
])roduct. Thus 

X- -f- Xlf ,T* ~ x hi 
r ‘ - X y X -4 // 

^ :r f y) ^ {x - //) 

X- {x y) {x 4 - //) 

“ . 1 ’“ . ta.N’. 


Kx/imple 2 . 


(- 

\2x 


Simplify 
4.r-.j\ r2x 

» / \.'>.r - 4 4.r - o) 


Tu-t 

The given expression 
{x~2) {ox - b) - (4r - r>) {2x - .‘i) 

~{2x-:)){ox-h) 

bj:- - l().r -4- I *2 - S r- 4 22;r -15 

(2.1: - 3) (5j’ - ()) 
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and 

the 


l)y any (|uantity and 


iiiplify the f< 

ullnwing 



1. 

- ip 

- .. X 

a’- - //- 




.r-4-//‘ 




2. 

:r- 4- Ax 

X 4- 4 




.Y 4- 3 

x'' 4- 3’.r* 



3. 

{x-yV - 

X 

:»•)- 



{x-'^y- 

(X- 

.'/)■' 


4 . 

{x^frY 

V 

(a- 4 - //)■■; 



V-nY 

r * - ‘ 

a- 4 - //' * 


5. 

( 

(i \ _ a: - -h 

a- 



\.r4 cr 

x-af X- 1 

ax 


6. 

/.r - xy 



/ x^-r 


l.r- ! .?/' 

V .r -j- // 

X + ,(/ ' I 

\ X- 1- xy 







x-A-y-h' 




7. 

1 1 

\) 10 

.1 - f ' 

0 

4- .. 



X - 2 X - : 

il tr- 

i a: + 


•I 


(2a’- 


-4- 

(2jr- 3) (5a. - b) 

._-3(,.-ip , 

(2a‘- 3) (5a: - b) 
_3(3a:~4) (4^ - 0 ) 
(2a?- 3) (5.r- bl 

sms 


di) (4a’ - 5) - (3.1: 
"(»^i’-4y"(4a’-5) "" 
Ha’2 - 22a: -h 15 - 4- 24a’ 

(3a: 


89. Compound Fractions. A fraction, 
wliose numerator or denominator is a fraction, 
is called a compound fi action. 'j’lie rules 
already explained enable ns to reduce compoimd 
fractions to simple fractions. 

Example 1. Simplify 

n-\-ft _ o - 6 
0-6 a 4 - b 

a — It 0 - 4-6 

Hero we notice tliat the L.t'.M. of tlie 
denominators of tlie fractions which form the 
numerator of the given, ex juession i.s a- - 6 -, and 
that the L.(\M. of the denominators of the 
fractions which form the dmiominatur of the 
given exjiressioii is also a- - 6 -. Hence, we shall 
at once have reduced the given expression to a 
simple fraction if we mnltijdy both numerator 

and denominator by o-- 6 -. We have 

a~h 

X eipial to {a y 6 )-' [Art. 83], and so on for 

each fraction. 

Therefore, the given expression 
_ [a - I- 6)'“ - {a ~ h)- 
4)j (^»4-6) 4 (a-bf 

rr- d- 6 4- a- h) (a 4- 6 - a 4 - 6 ) 


-lb 


“_£!J -Lij 

(3a - 4) (4a:- 5) 

: .jzi) — 

Ans. 


4) (4a; -5) 

Example 2 . 


_ “flr 

2 a 

Simplify 

1 


<1 4“ 64 - a — b 

26 or ^ 

26 Ans. 


a 4* 


T 


a 4- 




MATHEMATICS 


Fmctioiis of this form ;iio called rontimipd 
fractions. Tliey are simplitied as in Aritlmiolic 
[Art. 88, ]>a<):e 70d] by l)e^inin'n|^ witli Ihc lowest 
lino. 

The ii^ivcii exprcHMon 


a — 


1 I 

a- +1 - 1 


I I 




a -f 


- I 


_ rt- 4-1 ^ fi* - I 

a (a- 4- 1) - a n {a- - I ) -f « 

^a-4- 1 I 
/<" 4' I — (1“ 4" I ^ j 

=... . J ns. 

a* a' — 

90. Proper and Improper Fractions. 

A ])ioper fraction is one whose numerator is of 
lowei* <legree than its denominator. 

A fraction wIkjso nniuoralor is not of lower 
tlegiHUJ than its chmoininator is called an im- 
()roi)ei' fraction. Thus 

2.r - .*}_ 

;r- 1- r).r ^) 

is a i»ro|»er fiaetion ; while 
,.n.i 

ix-1 or -4 

are in)[Jki-o|>er fract ions. 

An imju’oper fraction can l)e expressed as the 
sum of one or more inte,i;ral Unans and a ])roper 
fraction, by division. Thus, 

4 x - I 4 a; - I 

_ 1 _ 5 

"2 2(4a;-l)* 


EQUATIONS WITH FRACTIONS 

91. An eipiation containing fi act ions may be 
reduced to an equation witlu)ut fractions by 
multiplying each side of tile e<piation by the 
b.O.M. of tlie denomi?iators of all tlie fractions 
which occur. 

Example 1. S«)lve 

a;4-M r-4 x 

Tlie L.O.M. of the denominators is x {x -f- d) 
(a; -4), and, multiplying each side by this 
expression, we get 

X (a; — 41 (a; — 1) — x {x + .*1) ix 4* 2) 4- 
10 (a;+ 3) (:r~ 4)^ 0. 

Therefore, 

4x~r‘-5;r--<).c h Ittr-- Kte- 120 

-0 

Therefore, 

12x = -120 

aj = - 10 A ns. 

The work is shorter if we I’ecluce impniper 
f I actions to proper fractions. 


Example 2. Solve 

10.r- 13 40.r-43^ 32.i -30 2t)a:-24 

4.r-3 ' «V-0 8;f-7“ 4x-ri ' 

Dividing eacli fraeti<m by its denominator \m; 
get 

4 ^ 4-r>4- 4 “ -|-r>4* * 

4x-3 ,S.r-tl 8.r-7 Tr-o 

^JMierefore, 

2 1 1 . ^ 

Hx-0 Ir- 3 4.r-h”8a-- 7' 


'J’lHnefore, 

2 (4.r - 3) - (Kr - ^ (Hx - 7) - 2 (4.r - 3) . 
(Hx - 0) (4.r ~ 3) (4.r - o) (8:r - 7) ’ 


or 


;i 


{8.r - 01 (4a; - 3) (4.r - 3) (8.r - 7)' 

lienee, 

(8;r -0) (4.r-3).=: (4.r-3) {Hx- 7). 
Therefore, 

32.r--t>0a; 1 27 32.r- -t;8.t; I ;;3 

8.r= 8 
.r — 1 .1 us. 

EXAMPLES 26 

Solve the e( I nations 

f .r- 10 I 

‘ 4 (a; -2)"" t» (a; -2)^ O’ 

2 , ' 


;r - h X - h 

6 . " 

I2.i; f-ll (>.t +o l a; p 1 

^ n(£+_^) 

Simplify the following expn'ssions 
a: (I n -b 
I _ 1 
a h 


3{x-2) 

3x’ 

3.r 3.1; (.f- 2)' 

7a; 4- 1 _ 

33 (.r -f-4) 


a; - J 

0 (a;4-2r 

O ' 

2a;- 1 

- 1 

2:c (a: -p 

i^r + 3 ” 

3:i;-2 

' (3a; -2) (2.r 


(tb X- 4 - ffb 


8 . 


I - 


1 

(I tf; h 0r-4nb 

9- T j I “i" 

h ft- b' ab 

i+ 

h i- - b: 

“*• '' _4 ■ 

QUADRATIC EQUATIONS 

92. A quadratic ecpiatioii is an equation wliich 
contains the square, but no higher ])ower, of the 
luikiiown quantity. 

Thus, 2a;-^ - 18, andox^-x 0, are quadratic 
e<iuatioiis. The first examjde, wliich contains 
«/i/v the second yiower of r, \h a purp jjuadratic. 

flOiJ 
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To solve a pure quadratic we writ^ the terms 
which coiitaiu x on one side of the etjuation, 
and the reiiiaininj^ terms on the otlier side. 
Tlieiq by takinj/ tlu^ H<iuare root of both sides, 
we obtaiji two lujuations. Thus, if 

2x^ — IH, we liave x' — 9, and, taking the square 
root of ))otli side's, a: — + 9, or x — -3. 

[j; 3, or = — 3, is always contracted int<> 
a; - ± 3.1 

93. Til taking the square root< of both sides 
(»f the equation :r- -- 9, it may seem that we 
should put the doiilile sign to hoik sides of the 
rtisult, y.c., ± a: = ± 3. Ihit this wa)uld only 
give the four following cases, x — 1 3, 

;r — - 3, — .r-' and-a: — — 3, and it is 
easily seen that these four cases givii no more 
values of X tlian an' included in the form 
X ± 3. Ifence, in taking the square root of 
the two sides it is only necessary to put the 
<louble sign before one result. 

94. In Article 32, pagi; 2 lot), we found that 

(x-^nY~ aj‘^ + *}• a-. Now% in the exj>ression 

T- H 2ax a\ th(> coetlicient of ;r is 2a, and, if 
w'e take the half of this and square it, we 
obtain a\ i.c., we obtain the thhd teiui of the 
exjiression, x‘ 2nx a^. Hence,* /o nuap/c/c 
the .'iqifore of ohlrh a:' H- 2u.r ore the first tout 
terniH ire wost odd the sijoore of htdf the ro 
efficient of x. 

Example. To make a*- -I- dr into a ])erfect 
square w'e must add (!:)-, /.c., 3-, or 9. ^Ve 
then get a;-+ (Ir + 9, which is the square of 
X 4* 3. 

It must be particularly noted that the co- 
efficient of x‘ ismiitf/. We cannot, for instance', 
maki', 3.r-+ (ix into a perfect square by adding 
the square of half the coetheient of x. 

95. The alxive result enables us to solve a 
quadratic which conbiins both the square and 
the first power of x. For, after ]mttiiig the 
terms involving x' and x to one side of tin* 
equation, and the rt'inaiiiing terms to the otlier, 
W'e can make the first side a ]ierfect square. On 
taking tlu' square root of both sides, w'e obtain 
two simple equations, just as in the case of a 
pure quadratic. 

Example 1. Stdvc .r- I hr -32 9. 

"JVans[)osing the term -32, we have 
x-q- 4x— 32. 

Since the coelJicieid of x’ Is J, the left-hand 
side of the equation beconu's a [lerfect. squaie if 
W’e add the square of half the eocdicieiit of x. 
^’hc square of half 4 is 2-. We thevefort; add 
this amount to Indh sides of the equation, and 
obtain 

X- + 4.r + 2“ == 32 + 4 ; 
or, 

(x-f- 2)-= 30. 

Taking the square root W'c liave 

X -h 2 ~ ±0. 

Therefore, 

a? = + 0 - 2 or “ 0 - 2 
~ 4 or - 8. 

Example 2. Solve x - bx* — — 6. 

Here, the coefficient of is - 5. We must, 

, 3200 


llierefore, first divide every term by ~5 in order 
to make x^ have unity for its coefficient. Thus 





o 


W’e now proceed as in Example 1. 
of — ! is - and its square is 
Thertifore, 

^ id' 5 199 

Kit) 


121 

19i)' 


Taking the scpiare root, 


a’herefon 


1 

-= ± 

11 

K) 


K)’ 

^ ± 

1 

1 



19 

12 


-19 

It) 


19 

9 

u- - 

- 1 . 


The half 


96. Instead of w’orking tn'ory example from 
the heginning we may use a general formula. 

It- is clear that, after simjili heat ion, a quad 
latie may (contain three terms, ciz., a term 
involving the second power of x, a term involv- 
ing the lirst power, and a term w'ithout .r. 
Thus, if tt, 6, and c are siiptiosed to represent 
hnoirn quantities, wo may takt> 
nx--f bx4- C-- 9 
as a general quadrat ie equation. 

Solving this, by the method of the last article, 
we must first divide every term by a. Thus, 

X’ - j- - , X 4* - — t) ; 


or, 




Next, ad<l the square of half - to both sides, 

T’herefore, 

o . h , ( b V“ r })' 

a Via} o 4a- 

_ 6--4ac 
4f4“ * 


Talking the square root of both sides, we get 

*+.r = ± 

2a \ 

— 4-ai' 

1(1 

Therefore, 

; = A + - 4'IC 

2a ““2a 


- 5 ± ^6- - 4ac 
2a 
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Tills result should be committed to memory, 
since, by its use, the solution of a quadratic 
equation can at once be written down. 

For instance, in Example 2 of the last article, 
a;-5a;‘^ = -6; 


or 

we have 
Hence, 


-5j:2-|. x-h 6= 0 

</ = - f) =z Ij and c — 6. 

- 6 ± Z 4m 
2a 


EXAMPLES 27 

Solve, without substituting in the formula of 
Article 96, 

1. 10. 4. ^2.15= 

2. 2a:2 + a; - :i = 0. 5. 9(2.i: + 1)-* = (z - 2)®. 

8. (x 4* 4)2 = 16j: 4* 1. 6. + Oa® ^ 5ax. 

Solve, by tlie formula of Article 96, 

7. tlr® - 13r -6. 

8. (a: 4* .‘1)2= 9(x-l)®. 

9. 1823;2-i:ia;= 2. 11. 4* 17- 70a;. 

10. 2 a; 24 - a ;-6 = 0. 12. 20=:U+2t< 

Solve, by resolving into factors. 


_ -1 ± Vi + iao 
-10 

^ -i ± 11 ^ 10 -l‘> 

- 10 - 10 ■- 1,0 
I 

= - 1 or 

o 

97. Solution by Factors. The jiroduct 
nb is evidently zero if cither a or b is zero. 
Hence, if wo know that ab is zero, wo know 
that either a ' 0, or b — 0. 

Similarly, if (x* — 1 ) (;i; 4- 2) = 0, w'o know that 
either a: - 1 = 0 or a; 4- 2= 0, and tliercfoie 
r = 1 or a; == - 2. Thus, the solution of the 
0 .uation (a;- 1) (a; + 2) = 0 is a; = 1 or -2. 

In the same way the solution of the equation 
(.r 4-2) (a; 4- 3) (a; 4- 4) = 0 is a; = - 2 or - 3, or 
-4. 

Hence, to solve <tmj eqnotion involviiuf only 
one uiiknouii quantity^ tronsjxtse all the terms to 
one side of the equation^ resolve the expression 
into factors^ and put each factor separaidy equal 
to zero. Jlui values obtained from these equations 
will be the roots of the yiven equation. 

Example. Solve x - r)a;® = - 6. 

Transposing 

bx^ - a; - 0 — 0. 

Therefore, 

(5a;-0) (^'4- 1) - 0. 

Therefore, 

5a;-(>= 0, 


13. a;®-2oa: 4- n®- 6® =:=(). 

14. a;® -5a;® -8a; 4- 12 = 0. 

15. a;* -13a;® 4- 36- 0. 

16. 2a;^ - 4 = 8a; 4- a:®. 


Answers to Algebra 

Examples 23 


1. 

4r 

5. 

.a:- 3 


'X 4- 5 

2. 

2a^x 

6. 

a;-7 

bbhf * 

a - 6 

3. 

a 

7. 

1 4- (t- 

b 


2 4- u® 

4. 

x-l 

8. 

3a (a 4- 3) 

X 

26 (d+iy 

9. 

(ar-2) (a; 4- 3) 



.r®-! 



10. 

4a; 4- 3 

3a;® - bx 4- 7* 


= 2r®-4a:-l.| 


.Examples 24 


4xy 

6. 

3 


JC® - yi’ 

a (a-f 1)' 

2. 

14a; 

7. 

a + 2^ 

i-oF' 


3. 

4r4-l 

8. 

Or (a® -2//®) 

(a- + i)®' 

- 5a®/® f* 4jf 

4, 

a:® 4- V- 

0 

1 


a;® - 2 /®‘ 


n - 2‘ 

5. 

3. 

10. 

0. 


which gives 


or 

which gives 



a; 4" 1 =s 0, 
a; = -1, 


12. By reducing each fraction to its lowest 
terms we get 

X ^ ^ _ »/ ^ - -5 ■= 1 . 

a:4-/y4-» X+y + z + z 

Continued 


iH . 
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FARMING IN CANADA 

Group 1 

AGRICULTURE 

The Golden West. Farming;, Stock-raising;, and Fruit-growing; in the 

22 

Various Provinces of Canada. Government Experimental Stations 

FARMIKO 


iMillliiluvl from p(tK«i)OOa 


By Professor TAMES LONG 


IT is impossible for an Englishman cx- 
* pprionced in agriculture to visit Canada 
without being impressed with the remarkable 
results which are being achieved year by year. 
In no country in the world docs the Govorn- 
luent provide greater assistance for the pro- 
motion of agricultural prosperity. For years 
past efforts have been made not only to ascer- 
tain why the crops over large areas of land have 
been ' lamentably small where owing to tli(5 
character of the soil they should be large, but 
the farmers have been shown by demonstration 
at the various experiment stations how to increase 
the grain iiroduced and the income derived from 
the production of plant and animal life. 

Some General Statistics. The popu- 
lation of Canada reaqhe-s nearly 6,000,000, while 
its area covers nearly 3,7*')0,()00 sq. miles. Tn 
11101, the value of the exported produce reaclu'd 
nearly 44 millions BteM’liiig, while 45 per cent, of 
the i)opulation arc engaged in the cultivation 
of the soil, and an additional 20 per cent, are 
cither directly or indirectly. cmployca in handling 
farm produce or in the manufacture of farm im- 
plements and machinery. The great bulk of these 
exports are directly derived from agricultural 
land, and the products of the timbcir industry. 

In 1904, the Ontario oat crop alone produced 
102 million bushels, or 38 J bushels to the acre. 
The barley crop is increasing both in area and 
yield ; for some years it.was practically restricted 
to 20. million bushels, of which one-half was 
export^, but owing to the McKinley Tariff, 
the area was soon reduced, and the crop grown 
was not more than one-half. At this time, the 
farmers of the province, under the advice of 
Government experts, opened up a larger market 
w itli - Britain, producing quantities of 

cheej^, butter, meat, and eggs, with the result 
that barley was grown on a larger scale than 
before to feed the stock, and thus, by more 
intense farming, the.averago yield was brought up 
to .3 1 1 bushels, instead of 21 bushels, to the acre. 

The Agricultural Provinces. For the 
purpose of those remarks, Canada may be 
divided- into the following provinces, agricultur- 
ally speakif%: 


Province. ^ 

' ‘ .... 

Area. 

Population. 

Snow and 
liainfail. 

Nova Scotia 

Sq. miltis. 


llJChOH. 

20,«80 

2,000 

400,000 

40 to 45 

Prinoo Kd: Island 

104,000 

36 to 40 

New Brunswick. . 

28,000 

331,000 

, 44 

Quebeo . . 

347,000 

1,649,000 


Ontario'.. 

223,000 

218,300 

30 to 40 

Manitoba 

'73,000 

266,000 

m 

Saskatchewan and 
Alberta 

660,000 

600,000 

British Columbia 

; 382,000 , 

1 177,000 



Although it w'as only in 1905 that the two 
new provinces, Saskat(;hcwan and AlberUi, were 
added to the Confederation, the advance which 
has been made in the North-West and British 
Columbia may be better estimated if we point 
out that, while in 1900 the immigrants numbered 

49.000, of whom 11,000 were British and 18,000 
Americans, the estimated number in 1904 wa-; 

180.000. The immigrants from Great Britain 
in the year ending .lunc, 1905, nurnlx^red (55,000, 
Avhile those from the States had been increased 
to 43,(X)0. They are practically presented w'ith 
100 acres free, and, with a very trifling capital, 
and ilie common-stmse to learn the ways of the 
country before they settle, they are ultimately 
able to achieve happiness and prosperity. 

The Wonderland of the World. 

Canada is one of the few countries of the world 
which possess huge areas of rich land capable of 
growing grain and other crops without manure 
for a long series of years. As we shall sev, then* 
are many districts in which, in spite of tlu^ 
general severity of the winter, crop growing and 
stock raising can bo conducted through a large 
portion of the year. 

Dairying and fruit growing are becoming 
general in almost all parts of the coimtry, 
while on the Pacific Coast and in variotis districts 
of British Columbia, the settler possesses great 
advantages for the pasturage of cattle. Accord- 
ing Dr. Saunders, the chief of the experi- 
mental stations, and one of the ablest and safest 
of advisers, the main fdevation of Canada is 300 ft. 
above sea-level, as compared with 671 ft. in 
Europe ; while the diversity of soil, of plant, of 
mountain, valley, and Jake, rolling i^rairie and 
forest land, is easily rccognis(xl by the traveller 
from Halifax to the Pacific Coast, a distance of 
n^ore than 3,500 miles. 

Value of Experiment. The Dominion 
offers great advantages thro\igh its fivi* experi- 
mental farms, its agricultural colleges and schools 
— the chief of which is at Guelph, in Ontario — 
its Mairy schools, travelling aairics, farmers’ 
institutes and associations. The GovornnKmt 
have established cold storage to assist in the 
export of perishable goods, and expended larg ^ 
sums in experiment and demonstration, not only 
at the great (Central Farm at Ottawa, but those 
in Nova Scotia, Manitoba, Assiniboia, and British 
Columbia. Plants from all parts of the world 
have been grown with the object of testing 
their value to the Canadian farmer, while cross- 
breeding Is praotisod for the s|tme purpose, and 
the feeding of livestock for the production of 
meat and milk is conducted on experimentol 
lines. Thousands of samples of seed of impor- 
tant varieties are sent out from Ottawa year by 
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year without charge, with the result that the 
farmers, luiving tested and found the increased 
\"aluc of certain varieties, are induced to employ 
them ext<*nsively, and to profit by the results. 
To give an example, it. may be pointed out that 
as the result of experiment wheat sown at 
intervals of a week showed that a delay of one 
week after the tirm* when it ought to be in 
the ground involved an average loss of 30 per 
cent, of the crop, while a delay of two w’eeks 
involved a loss of 40 ya^r cent., three w<‘eks of 
50 per cent., and four weeks of 50 per cent. ; and 
so it is with oats, Viarley, and mangels. 

Advantages and Disadvantages. 

Thus it is that tlu' climate plays sueh an impor- 
tant ])art in the farmer's work ; he has, however, 
the soil to help Jiim, for it is rieh in almost all the 
agricultural districts of the Dominion. Taking 
the averages result ing from the work at theCentral 
Farm, it has he<m found that in the top foot 
there are 7,700 11). of nitrogen j)er acre. Assum- 
ing this to he all available, it is suftieient to pro- 
duee 150 very larg(‘ lu'ops of grain. Taking the 
av('ijige at the same dt'pth, there are 5,4tM) lb. 
of jihosplioric acid, enough for 250 large crops, 
and 1 1,700 Ih. of pota'^li, siiflicicnl/ foi* 300 crops. 
It follows, therefore, that by good cultivation 
and by siifticuent care in the fmi)loymont of 
manure, the fariiUM* who takes u}) land in Canada 
may look for heavy crops with l)ut little trouble 
to himself, and leave behind him a heritage which 
will serve his successors for generations. 'Phe 
( V)mmisHi()n(‘r of Agriculture points out the fol- 
lowing difficulties that confront the farmer: 

1. Those that arise out of the growing of 
crops. (These are becoming greater cvruy year 
from the partial exhaustion of the soil, from* the 
ineveasing prevalence of weeds, and from the 
more* vicious and general attacks of insects and 
fungus pests.) 

2. Tliosi^ tliat come from the n<u;e»sity of 
meeting tin* demands of* markets for bettor 
(juaiitios in everything. 

3. Those U'hich grow out of the changed con- 
ditions of life, and wliich recpiire the farmers to 
carry on more varied, mixed, or diversified 
classes of farming. (Tliese come from the growth 
of population in cities and towns ; from the 
])eople becoming better off and more fastidious 
and exacting in th(‘ir , tastes ; and through cold 
storage giving them an opportunity to market 
perishable things abroad.) 

4. Those which have come with low prices for 
general farm products, and which are beyonti 
the control of the people of this country. 

5. Those that are inseparable from maintain- 
ing iJie fertility of soil economically. 

All these difficulties are more or less easily 
overcome wliero the principles of agriculture 
have been mastered. 

Nova Scotia 

A Jerge portion of this province is covered 
with timber; although it contains 20,0(X) square 
miles, the population of nearly 500,000 is 
largely engaged in agriculture and stock 
breeding cultivating the fertile soils between 
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the ranges of hills with considerable success. 
The hay crops are large, and form the chief 
article of produce ; the soil is occasionally 
broken up, however, and sown with oats ; 
wheat, barley, rye, peas, and buckwheat arc 
also grown, together with turnips and potatoes. 

Tile rainfall varies from 40 to 45 in., while 
the climate, although variable, sometimes in the 
extreme, is temperate in relation to the latitude. 

The production of livestock, chiefly cattle, 
sheep, and pigs, is considerable, but there is 
immense scope for an increase in this direction, 
and the consequent production of much larger 
quantities of manure, which would contribute 
to the increase of the crops. 

Jlutter an^l chce.se fatitories have been estab- 
li.shed during the past few years with success, 
while fruit growing is developing still more 
rapidly, espeeially in tho.se valley.s in whieli 
the position, soil, and climate are. suitable for 
th(‘ production of the best apples, pears, and 
stone fruit. Ay)])los in particular enjoy a higli 
reputation. The annual export for some years 
p ist lias reached 500,000 barrels, but a large 
increase may bo expected, owing to the planting 
of new orchards, which may be extended in many 
directions on a large s(‘ale. 

Prince Edward’s Island 

This Ksland is almut 150 miles in length, 
varying from 9 to 30 miles in breadtli. It 
|x>.s.se.sses a moist and mild summer climate, 
whik' in wintia* the temperature never falls to 
a very low llgure. 

The crops produced by the farnier s, who form 
some 80 per cent, of the population, include 
wheat, barley, oats, and buckwheat, hay, 
potatoes, and turiiij>s, the (;hief products being 
hay, O'dtSy potatoes, and turnips. 

'rhe crops are not so largely exported as 
formerly, owing to the advance which has been 
made in the dairy industry, which is conducted 
on the co-operative principle. (Iheese, in con- 
siayiience, now forms one of the largest items 
of the export trade, although butter is being 
made on an extensive scale during winter. 
Naturally, owing to the by-products of the 
butler and choose dairies, the breeding and 
feeding of swine has extended. 

The farmers raise cattle for beef in excess of 
their requirements ; sliecp are largely bred, and 
horses form an important feature on many farms. 
The result of this extemsion is that the crops 
formerly exported are now consumed, with tlu' 
result that, while the profits are larger, the land 
is maintained in better condition. Although 
fruit-growing do^s not give the results achieved 
in some other parts of Canada, the industry is 
growing, and apples, plums, cherries, and small 
fruits are easily and abundantly produced. 

New Brunswick 

Practically one-half of this 2 )rovince is covered 
with forest, and woodland, but although timber 
has, in the past, formed the most prominent 
industry, the work of the farmer is destined 
to obtain the chief place, owing, in part, to 
the fertile character of the soil and to the good 
crops which are obtainable where it is well 
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cultivated. I'he hay crop is the chief product 
of the farm, about one-half of the cultivated 
area, some 1,000,000 acres, being under grass 
for mowing ; the remaining 500,000 acres are 
chiefly devoted to oats and buckwheat, followed 
by potatoes, wheat, and barley. 

Although the rainfall is sufficiently abundant 
for crop-producing purposes, the climate is 
severe in winter, while the summer season is not 
so hot as in many other parts of the Dominion ; 
indeed, the extremes are not so great. 

Stock-rearing on a successful scale is prac- 
tised, while of late years increasing attention 
has been devoted to the dairy industry, with 
the result that there are a considtjrable number 
of successful butter and cheese factori('s. 

Owing to the climate, fruit growing has pro- 
gre.ssed but slowly, but in many cases the in- 
dustry has found a homo, and is, in eons<‘qucnce, 
steadily progressing, the apphs in ]:)articular 
enjoying a good reputation, while small fruits 
are grown with ease and profit. 

Quebec 

Like so many other parts of the Dominion, 
Quebec produces a large quantity of timber, 
more than half the province consisting of forest 
and woodland ; there arc, however, many fertile 
valleys in which agriculture is conducted by 
large proportion of the population with consitler- 
able success. In spite of tlu^ varied character 
of the climate in dift'orent districts, the crops 
grow rapidly during the heat/ of summer, especi- 
ally hay, which is one of the chief products, and 
wliich is largely exported. The extension of the 
<iairy industry, however, is tending to th<5 
increase of stock breeding and the larger con- 
sumption of the hM,y emp, .as well as of the 
coarser grain, which is more profitable for milk, 
butter, and cheese production than for sale. 

The chief grain crops are oats and wheat, but 
barley, rye, maize, peas, buckwheat, potatoes, 
mangels, turnips and sugar-beets, tobacco and 
flax are also successfully grown. Much of the 
soil is extremely fertile, so that, while heavy 
crops can be product^d by good farming, stock 
can be kept, and be well fed during the cold 
blit bracing winters, when the attention of the 
farmer is ahnost entirely concentrated upon it. 

In some parts of Quebec the farmers are most 
successful in breeding liorsos, while in suitable 
localities apples, pears, plums, and other fruits 
are grown with great success, although in other 
parts the winters are too severe for the ripening 
of the best varieties. 

^ Ontario 

The area of Canada’s chief province, Ontario, 
is 141,000,000 acres, of which, in 1903, 

13,643,000 acres were cleared, 6,700,000 con- 
sisting of woodland, and 3,500,000 of swamp 
or marsh. The area devoted to the leading 
f'rops and the quantities estimated to have 
been produced in 1904 are shown in next column. 

In addition to the crops shown, 6,000 acres 
were devoted to carrots, 49,000 acres to rapi\ 
2,250 acres to hops, 6,300 acres to flax, 3,()(W 
acres to tobacco, and' 14,000 acres to the culti- 


Crops. 

A ores. 

IlUKhelt). 

Wheat (Fall) .. 

(>0H,458 

9.100.02.3 

Wheat (Spring) 

225,027 

3,471,103 


K.13.485 

12,031,720 

Harley . . 

772,434 

24,507,826 

< )tttM 

2, 05 4. 1)35 

102,173,443 

Kye 

Maize, exeludiriR Miii/.e 

130,702 

2,001,820 

for #*te . . 

321),H82 

20,241,914 

Bufkwheat 

100,008 

2,000,234 

I*eas 

3.30,200 

0,029,800 

Jh'aUH .. ,, 

50,892 

912,849 

PotaUies .• 

13.3,819 

15,479,122 

Turni])a.. 

133,207 

04.801.703 

MniiRoIs . • 

71,344 

33,695,440 

'I’OTIM. 

Hay and Clover , , 

2,920,207 

6,259,189 

Maize for foddtT 

193,116 

2,023,3.50 

Pasture l>iTifl 

3,183.073 


Orchards and (lardeiis 

309.459 



v.ation of the vim‘. The number of livestock in 
Ontario in 1904 wjis as follows : 

MiU-b (Jews .. 1,()7K,000 PiRs .. .. 1,‘)27.0()0 

Other eatt.lo .. l,Hl>7,eOO HorscH .. t5r>r>,()()0 

Shoop .. 1 ,4. 55, ()()(> Turk«'ys, O 'csc, 

arul PoLillry 5).4(»0.e00 

There are in Ontario no less than 100.(K)() 
aere.H of forest and woodland, the timber trees 
including oak, ash, elm, the white ami red pines, 
hickory, and walnut. 

The districts suitable for agricultural purposes 
are numerou.s and extensive, while of the 
12,000,000 acres of land which have been cleartKl 
no less than 1 1 ,000,000 acro/S arci under grass and 
arable crops. Much of the soil is of excellent 
quality and highly fiM'tile, while in the south- 
wi^st of the province the climate is mild. In 
the districts near the Droat Lakes the wiiit/Ors 
are not very severe, nor the summer season too 
oppressive. 

In addition to the erops which have been 
enumerated, the farmers of the province pro- 
duced, in a rec(‘fit year, to take an average 
example, clover and alsike seed which covered 

189.000 acres. 

Fruit Growing. The fruit growing 
capacity of Ontario is well known, chiefly 
owing to the large coasignments which worcenve 
in this country. The possibilities of production 
are believed to be unlimited ; alrejuly the area 
occupied by orchards and vineyards cx<‘eeds 

366.000 acres. The planted apple trees number 
considerably more than 11,000,000, wliilo the 
apple crop in a recent year reached 37,(X)0,000 
bushels, or 5rJ bushels ]5or tree of bearing age. 
Tn a good year, this crop is much exceeded ; 
in 1896, for example, with a much smaller area, 
the yield was ,50,000,000 bushels. Dr. Saunders 
points out that in one part of Ontario alone the 
apple country extends to a distance of 288 miles, 
(irrapi^s, too, are produced in abundance, a bvrgo 
portion of the crop being employed in the pro- 
duction of a native wine. The growth of pears, 
stone, and small fruits is large, and increasing in 
all parts of Ontario, while in addition to the 
export of raw apples, large quantities are dried 
by evaporation for the general market. 
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Manitoba 

Manitoba is west of and adjoining Ontario, 
while its position is about central, as betw^een 
the Atlantic and the Pacific. It chiefly 
consists of rolling prairies with occasional 
valleys and rivers, the soil being to an ex- 
traordinary extent of a deep, rich, vegetable 
character, highly fertile, and capable of bearing 
crops for many years in succession. The pro- 
portion of for(‘st and woodland is estimated 
to reach 40 ])er cent., but in the chief agricul- 
tural districts veiy little timber is noticeable. 
The climate is somewhat extreme — warm in 
sununer; cold and invigorating, owing to the 
dryness of tlu* air, in winter, whi<;h commences 
in iVovemhor and continues until the <uid of 
March or a little later, 'riie precipitation is 
small, and chiefly deposiU'd betwavn April and 
Octoi)cr. Although the land available for farm 
purposes reaches 30,000,000 acres, the area 
under crop scarcely reaches one-eighth. The 
fanma’s com uu -nee to sow tlieir seed in April, 
while th(‘y harvest their crops in the month of 
August, wluait l)(‘iug the moat important, 
'riie No. I hard wheat, of Manitoba, like that of 
the T«‘rrit()ricM adjoining in the north-west, is 
unexcelled^ and when comparisons w'erc made 
with the products of other countries exporting 
to England, the quotatioas in Liverpool w^re 
4s. 7d. per luishel for No. 1, 48. O.Jd. for No. 2., 
4s. ‘2d. for th(‘ l)cst Jlussiau wheal, 4s. Id. for 
Argentine, and 3s. tkl. for Indian. In Mani- 
toba th<‘ oat crop reached 3S^J bushels in a recent 
yeai’, hut, as in Ontario and elsewhere, th<‘ higher 
yield is chielly owing to the special use of the 
Banner varu‘ty, w'hicli at almost all the experi- 
mental stations produced more bushels per acre 
than any other varied y under t<^st. The result 
of this foi’rn of success has been that the oat 
i-rop in 1904 was four times as large as in 1900. 

Long Hours of WorK, Certain friimds of 
the writer, wlio are engaged in mixed farming 
in tli(5 Province, some years ago abandoned the 
pra(;tice of wheat growling alone, and have since 
produced milk and pork for the butter and bacon 
factories with great success, feeding their stock 
upon their owm produee, which, having sown 
the seed, they rcaj) themselves at little <*xpense, 
undergoing an amount of labour in the pursuit 
of their industry which is piauqically unknown 
to workmen on the British farm. Canadian 
farming ]n’ovides an incentive, to work long 
hours, and to rely u])on one’s own efforUs, w4iich 
lias possibly never been contemplated by the 
English farimu’ or the labourer whom lie employs. 
The climate of Manitoba is too severe for the pro- 
duction of the best kinds of fruit. The growth 
of garden produei' of other kinds, however, is 
easy ; the potato, pulse, plants of the cabbage 
tribe, rhubarb, maize, tomatoes, and small fruits 
are all grown w ith success, although tomatoes 
require the aid of glass. In Manitoba the esti- 
mated quantities of grain produced in 1904, 
including rye, peas, and maize, were 80,750,000 
bushels, these creeps being grown upon 3,730,000 
acres, in addition to \Cdch 3,800,000 bushels 
of potatoes were grown upon 24,000 acres, 

464,000 bushels of flax on 35,000 acres, and 
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3.750.000 bushels of roots on 14,000 acres. In 
the same year Manitoba possessed 143,000 horses, 

300.000 head of cattle, 18,000 sheep and 118,000 
pigs. The total area is 41,169,000 acres. 

Saskatchewan and Alberta 

In the north-west territories, which include 
Assiniboia and Alberta, the crops and produce in 
1904 were as follows : 


ClOpH. 

Aort'K. 

HushelH. 

Wheat (S])rinp:) 

Wlu-at (Kail) .. 

Rnrlcy . . 

()al.s . . . . . . j 

1 

057,253 

8,296 

86,154 

523,634 

16,723,412 

162,125 

2,205,434 

16,335,610 

1,575,337 

35,416,490 


In addition, 10,000 acres were devoted to 
flax, which produced 170,000 bushels. The 
number of livestock in these Provinces in 1901 
consisted of 591,000 cattl(% 170,000 horses, 

154,000 sheep, and 73,000 hqad of swane. The 
com])aratively low- avtu’age of production in 
Manitoba and clscv\h(*r(! in oats, wheat, cand 
potatoes is cliietiy the result of bad workmanship 
on the part of a number of farmers, who do not 
act upon tin* lessons wlrich tin* (Tovernmerit are 
loa(4iing thmu. The best farmers, however, like 
. the directors of the (Government farms themselves, 
are able to grow' an averages of 50 to 00 bushels of 
oats and fi'om 300 to 400 bushels of potatoes. 
In experiiiK'ntal tields, howtwtu’, as many as 500 
bushels have hixui grown, while the oat crops 
have readied 115 bushels to the acre. The 
success of the oat crops on the soils of Mani- 
toba is remarkable where cultiv'ation is clean 
and practical, (‘spcieially in view' of the fact that 
larger yields are obtained by the em])loymont 
of 2 to 2i bushels of seed, instead of 4 to 5 
bushels, as is common in this country. 

British Columbia 

This province is clothed wdth high mountains 
and fertile valleys exhibiting considerable climatic 
variations and great productive powers. In those 
(list ricts suitable for agriculture, stook raising, and 
fruit growing, the climate between the mountain 
ranges and the coast is mild and closely resembles 
that of many parts of the British Isles. In some 
parts of the province the rainfall is deficient, 
Avith the result that irrigation is necessary, but 
the soil is rich and w'cll adapted to productive 
inirposcs in many valleys. The further we get 
from the sea, the more severe the climate — the 
greater the Avarmth in summer and the cold in 
winter. According to Dr. Saunders, the rain- 
fall reaches 07 in. at the experimental farm 
of Agassiz, Avlikdi is about 70 miles oast of 
Vancouver.. The chief crops arc hay and oats, 
followed by potatoes, roots, barley, and wheat, 
Avhile hops and flax are also grow'n with success. 
Stock rearing is not extensive, but good dairy 
herds are becoming more general, and butter- 
factories are prosperous. There is an immense 
area of land adapted to the cultivation of apples, 
pears, plums, and cherries, while smaller bush 
fruits and strawberries are easily groAvn. 
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SPANISH By Amalia de Alberti 


Relative Pronouns. These jire as 
follow : 

Que, who, which, that. Quien, who. 

(\tal (used with doliiiito article), who, whi<‘h. 

CuYO, w}ios(^, of which, which. 

1. Que is invariable in gender and number, 
it relates to persons in the nominative and 
accusative only, and to ihifigs in all cases. 

Examples: El hoinbre qve, canto, The man 
who sang. Tms corns de qne hahlamoSf The 
things of w'hieh wc sp(‘ak. 

QriEN, plural QUIKNES. relates to persons only, 
and is invariable in gender. The aceusative 
whom is rendered by d rjuioi or quc. Exaniph's : 

El hornhre d qnicn mafaron, El liomhre qne 
malaron. The man whom they killed. 

Los homhres d qiiiencs mataron^ The men 
whom they killed. 

Note. • The relative pronoun is never omitted 
in Spanish in siudi cases. “Tlic men they 
killed ” would be incorrect. 

2. CuAL, plural cuai.es, is invariable in gend<‘r. 
Tt relates to persons and things, and is generally 
accompanied by the definite arti(de agreeing 
with the r«nteeed(‘nt. It is substituted for 
quien and que. Examxdes ; Han escrito vna carta 
la coal recihi, They have written a letter wdii<’h 
I have received. Tenemos un amigo^ cl cual rive 
en la casa de enf rente. Wo have a friend, who 
lives in the house o])posito. 

Cual is used without the artiek^ to ex{)ress 
comparison ; in such eases it is often jjreceded 
by tal, and may bo translatc'd, as, like, such as. 

* Examples : Usia mujer cual se puede advfirar, 
A woman sueli as one can admire. Hat/ que 
sufrir la pena tal cual viene, Sutf uing must be 
endured, sucli as it comes. Cual tin an-gel de 
Dios, Like an angel of God. 

Cual is also used without the article in sen- 
tences of interrogation or doubt. Examnles : 

No se cual de los lihros as mio, I do iidi know 
which of the books is mine, s 
/jrefiere Vd? Which of the two do you like 
best ? 

Lo cual is the neuter form and has a phrase or 
sentence for its antecedent. Example: Le dijo 
algo, lo cual no escuche. He said something to 
me to which I did not listen. 

^we is also used with a definite article in the 
same way as cual; el que, he who, la que, she 
who, ha que, they who, those which, etc. 
Examples : Este hombre es el que nos hablo atjer. 
This man is ho who spoke to us yesterday. 
Eslas siUas son las que riecesitanios. Those 
chairs are those which we ^want. 


3. Guyo, fern, ctjya, whose, of which, which 
relates to persons or things and agl•c(^s in 
gt'iitlcr and number with the object possessed. 
Examples: La mucha-cha cuya helleza se admira, 
'PIk! girl whoso beauty is adniir(;d. Los reos 
cuyos crimenes se han de castignr, The criminals 
whose crimes juust be xuinisht'd. 

All lhe.se relative pionouns take an aetjont 
when us(‘d interrogatively. Examples: 

j,Que dice ? What. do<‘S he say ? cs ^ 

Who is it? ^(Uidlesde los lihros quiire Vd 
Which of the books do you want. ? 

'Phe iis(' of cuyo, whoso, as an intcrrf)ga1ive is 
iiK'legiint; it should be rendered by de quien, of 
whom. Exam^jlcs: ^ De quien son esas casas ? 
Whose houses arc those ? 

Indefinite Pronouns. The indefinite 
pronouns are as follow' : 

A LOU JEN, somebody, someone, anybody, any- 
one ; invariable, relating to persons only. 

Aluuno, somebody, etc., some ; variable in 
gender and number, relating lo persons and 
things. 

Aiitu), something; invariable. 

X.\D1E, nobody, no one; invariable. 

Nai>a, nothing ; invariable. 

Ninouno, nobody, no one, none ; relating to 
])ers<ms and things, variable in gender and num- 
ber. 

Quienquikua, w'liocvcr, anyone, wliatever ; 
relating to p»‘r.sons only; invariabki. 

GUALQUJEii.\, plural cuALKsguiEUA, wlioevor, 
anyone, whatever ; relating to persons and 
things ; invariable in gender. 

Tone, all ; varialile in gender and number, 
relating lo persons and things. 

Otro, otb(‘r, another, variable in gender and 
relating lo persons and things; it can never be 
used with the indefinite article. 

Vocabulary Vocabulario 

A civilised man Un hombre civilizado 

A savage Un salvaje 

An uncouth man Un hombre socz 

A courteous man Un hombre cort<Ss 

A man of knowledge Un hombre de saber 

A man of science Un hombre de ciencia 

A man of power Un hombre do poder 

A good woman Una buena muger 

An honourable woman Una muger honrada 

A studious young man Un joven estudioso 
A collegian*' Un colegial 

A student Un estudianto 

A medical student Un estudianto de medi- 

cina 

A collegian (f.) Una colegiala 

A student (f.) Una estudiAnta 
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A criminal 

Un criminal 

A thief 

Un ladron 

Capital punishment 

La pena capital 

Cond(‘mn<*d to death 

Condenado d muerte 

To hang 

Ahorcar 

Hanged 

Ahoroado 

The guillotine 

La guillotina 

The g.illows 

El patihiilo 

A visit 

Una visit a 

A saleswoman 

Una vendedora 

A woman of little worth 

Ihia inujer que vale 

A man of bad life 

poco 

Un horn bre de mal a vida 

A gambler 

Un jugador 

A contractor 

Un contratista 

The Stock Exchange 

La bolsa 

An engineer 

Un ingenicro 

A farrier 

,Un luTrero 

A gunsmith 

Un armcro 

An art isan 

Un artesano 

A bricklayer 

Un albauil 

A .stoncunittcr 

Un pic.apedrcro 

A Avhitcwashcr 

Un enjalbegador 

An architect 

Un arquiteeto 

A forger 

Un falsario 

A falsifier 

Un falsi ficador 

A preacher 

Un prodicador 

A drunkard 

Uu iiorraclio 

A drinker 

Un bcbculor 

A liar 

Un meutiroHo 

An a.s8assin 

Un asesino 

A volunteer 

Un volant ario 

A telegraph clerk 

Un tolografista 

T(ilograph 

Tclegrafo 

A telescope 

Un tcloscopio 


Exercise IX. (1). 

Tninslate the. following into Spanish : 

1. That woman came like an angel of Cod. 

vino 

2. Who sang ? No one sang. 3. Someone 


(lanie this morning. 4. Somcoru^ has told me. 

manaiiii 

h. There is something to say. 6, lie told rae 

deeir 

nothing. 7. No one knows the criminal. 8. 


Whoever said this is a liar. 9. He is a nobody; 

onalquiera 

anybody can see it. 10. All speak English. 


11. Anot-hc/T admiral and another frigate. 


12. That man is uncouth, but that other is 


courteous. 13. TJiat man was condemned to death. 


14. They do not trust that woman, she is of little 

se iian 

worth. 15. That collegian is studious. 18. 


That man is a nu^dioal student, and will be 

sorA 

a good doctor. 17. The criminal was hactSed 

fii6 

this morning. 


Exercise IX. (2). 

Translate the following into Engli«li ; 

1. ; Quienhao.^critolacarta ? 2. ; Quo desgraeia ! 

3. i A qnien debe Vd dinoro ? 4. Lo'^ hombres a 

owe 

quiene-i mataron lo merecian. 5. i Como lo gusta 

deserved 

A Vd om mujer ? Vale pono. 6. Tal cual fu6 


Bu mala vida, till fu6 su muerte. 7. El criminal 


fut* ahorcado. 8. El albauil y el enjalbegadorhan 

Ih^gado. 9. El falsario craimmcntiroso. 10. El 

arrived 

arquittH'to csiaba borraolio. 11. El armcro tiene 


mi fusil. 

PKOSE EXTRACT VII. 

From “ Diario do iin I’cstigo de la Guerra dc 
Africa ”(“ Diary of an Eye-Witness of tlu^ 
War in South Africca”). lly Pedro Antonio 
dc Alarcon. 

The Effects of Mira- Los Efectos dee Ser- 
TARV Service. vicio Militar. 

'Phe peaceful h.'ihits Lasco.stumbrespaci- 

and customs of th(‘(‘ity, ficas los hahitos dc la 
the noce.ssities of a ciudad, las neccsidadcs 
))ampc‘red existence arc <lc una existencia rc- 
fading from our nuan- galada van desvanc- 
orios and dying out of cientlose on nucstra 
our minds, giving place meinoria y amortigii- 
to other customs, other aiulose cn nucstra 
habits, other nec(\ssi- monte, c(‘diendo su 
t ies and other interi‘sts. puesto A otras t?oslum- 
bres, A otras liAbitos, a 
otras nccesidadcs y 
j)rcocupacioncs. 

War becomes incrar- La guerra encarna 

nate in us, identities cn nosotros, se identi- 
itself , with our being, fica con nuestro ser, 
and constitutes our (!onstituye nuestro ca- 
character. For myself racter. Vo mismo creo 
it seems to me that 1 liahcr nacido en olla,y 
was born in it, and I encuentro rnuy natur- 
find its hardships and ales sus molestias e in- 
discomforts quite na- convenientes. Ya no 
tural. Morning and eomprendoria un ama- 
evening would now neeer sin toque de 
seem strange to me diana, ni un anochecer 
witliout (he sound of sin toque de retreta. 
Reveille and Retreat. La tienda es una casa 
The tent is a matchless inmcjorable ; el lecho 
dwelling, the bod no ha dojado de parecorme 
longer seems hard to duro ; la coinida no 
rae, the food could not puede ser mas apeti- 
be more appetising. To tosa. Acostarso a las 
go to bed at ten is to diez es irasnochar ; el 
be up all night ; he who que no ve salir el sol, 
does not see the sunrise no madruga. No des- 
is no early riser. To nudarsc para dormir 
sleep without undress- tiene sus ventajas. 
ing has its advantages. 

When we hear that a Cuando se nos die;© 
friend of ouw has been que un amigo nuestro 
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wounded, it has the 
same effect upon us as 
it would have had for* 
merly to hear that he 
had lost at cards. “ Ts 
it much ? ” we ask, and 
think no more about 
him. 

To die is equivalent 
to going on a journey. 
So-and-so is dead, is 
the same as to say, So- 
and-so has left Africa. 
Whcd ! 1 am very sorry 
. . . he was a good fel- 
low. We shall get along 
withoiUhim. This is the 
kind of sorrow caused 
by such news, the 
funeral panegyric and 
oration wliieJi iioeoin- 
panies those who die. 

Going into aetion is 
like going to the bull- 
light ; to assemble in 
a tent and talk is a 
pleasure as sweet as 
ball or opera ; to come 
upon the corpse of a 
Moor in a field sur- 
prises one no mon; than 
if it wort^ a favourite 
flower ; not to sleep in 
a pool of wat(‘r is the 
ne. plus ultra of com- 
fort. 

Thus, we live at the 
wars as in our clement ; 
a thousand futile joys 
and puerile pleasures 
occupy our days ; our 
necessities have re- 
duced themselves to 
the level of our re- 
sources for their gratifi- 
cation, and now, as 
ever, clieerfulness has 
followed resignat ion. 

Pedro Antonio do 
Alarcon (1883-1801), 


ha sido hcrido, nos 
produce cl efecto quo 
no.s hubiese causado 
antes oir deoir quo 
habia perdido al juego. 
“ i Es muclio ? ” se 
pregunta, y no sc 
vuelve, a pcnsar en 

Morir equivalc a via- 
jar. Fvlano hn muert^, 
es como si se dijera. 
Fulano se ha ido de 
Africji. / Hotnbre ! lo 
siento .... era huen 
chico . . . Nos pasarc- 
mos sin el. He aqui el 
genero de pena que 
causa csta notieia ; cl 
elogio funcbre y la 
oraeioii qin* acomp.ifian 
a los quo mueren. 

Entrar en accion es 
como ir a los toros ; 
reunirs(‘- en una tienda 
a hablur, un placer tan 
dul^e como un baile 6 
una opera ; ver en un 
eampo un eadiiver 
moro, 1(* sorprende a 
uno (‘omo si eneon- 
trase una flor de su 
gusto ; no dormir en 
un obareo de agua, es 
el ne plus ultra de la 
eomodidad. 

Vivimos, puos, en la 
giierra como en nuvstro 
clomeiito ; mil futiles 
goces y pueriles pla- 
cer es oeupan n nostros 
dias, nucstras necesi- 
dades se ban reducido 
al nivel do los medios 
de satisfacerlas, y la 
alcgria, ah ora como 
siempre, ha venido cii 
pos de la resignacion. 

Pedro Antonio de 
Alarcon (1833-1801). 


very popular as a writer 
of short stories, some 
of Avhieh have been 
translated into English. 
Alarcon was also dis- 
tinguished as a journal- 
ist, and acted as war 
correspondent to “La 
Iberia ‘‘ during the war 
in Morocco in 18o0. 
The above extract is 
taken from Ids vivid 
af!Count of the cam- 
paign, written in the 
form of letters to that. 
])aper, and afterwards 
publishf'd in book form. 


LANQUAQBS— ITALIAN 

miiy popular oomo es- 
critor do ouentos, de los 
euales algunos han sido 
tradiKudo.s al ingles. 
Alarcon fue tamhien 
distinguido como perio- 
dista, sirvio como eor- 
responsal en la gnerra 
de Marrnecos (‘ii 1859, 
para “La Iberia.” El 
extraeto dado mas arri- 
ba es tornado i\r su 
brillante relaeiou d(‘ 
la eampana, escrita ( u 
forma de eartas j)ara 
este periodieo, y des- 
pnes piihlhaid is en for- 
ma de libro. 


Kuy to Exkikmsk VIII. (I). 

I. Este gaban os !ido, y (*ste vest ido es tiijT). 
‘J. Estas flort'S son niia-;, vstos libros son 

tuyos. 

3. Salve mi vida eon un salvavidas. 

4. Tus manos eslan liin])ias, Su eava is 
bonila. 

5. Sn vida de Vd (‘s Irabajosa, 

(). Dios guarde a Vuestra Majestail. 

7. Antigo mio esta nevando, no se ]>uede 
s^ilir. 

S. Querido amigo mio, no temo la nieve. 

9. Gnos vecinos nuestros ban sido ma t ados jair 
unrayo. 

10. Aqnel nino esta (‘ufenno. 

II. Un eohete eayo sobri* aqiiella mujiu’. 

12. E.sas nubes osciuvcen el cielo. 

18. Esa es agua del mar. 

14. Aquel hombre matd a su herman()-“esto 
os lo que mo Itan diebo ; no lo croo. 

Key to Exeih'Tse VTIf. (2) 

1. T ilo not rare wliat they have said. 

2. That whieb tiu'y l)av(‘ said is not the 
truth. 

8. 'rhat is mine; it is my bat and my l)ook. 

4. Thos(^ men are good. 
o. My dog is in the hotise with tluit man. 

0. 8’his bouse, and that chureh an* min<‘. 

7. 3'his is Imd, and that is good. 

Continued 


f ^ A T I A XI e..ntlmu-.l fi..i 

Mpdlfication of Substantives and 
Adjectives 

The original simple meaning of substantives 
and adjectives may be altered by the addition 
of suffixes, which generally convey an idea of 
diminution (diminutives) or increase (augmenta- 
tives) — e.g., libro, book ; libretto, small book ; 
librone, large book. 

The idea of diminution often implies prettiness, 
gentleness, etc., but sometimes contempt — 
e.g., lihretiiim, a pretty little book ; liberculo, a 
valueless little book. Tl\p idea of increase often 


By Francesco de Feo 

implies rudeness and eoa.j'S(‘iK‘ss ■ e.r/., librdrrio, a 
large, ugly book ; stnnzaecia, an ugly large room. 

Diminutive Suffixes. 'I'lie diminutixe 
suffixes most freqtienlly used ari^ : 

1. -\so, -I-Vi'so {eetu}, ee-rhee- no). Examples: 
ragazzo, boy, ragazzino, little boy ; mam), h.and, 
maninn, ii pretty little band ; Inme, lamp, 
hnnir.ino, a little lamp. Nouns ending in -one 
take the termination dm — e.g., bastone,^ stick, 
hasUmdno, an elegant little stick ; bottone, button, 
hottondno. The termination ino is also used to 
denote a younger member of the family, as : 
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fodrone, master, padroncino ; principef prince, 
principim. 

2. Ello, ebello, cello {ehllo^ efirehllo, chHlo) 
are mostly lisod with substantives — e.g., fmeo, 
fire, fochereUa, a nice little fire ; faito, story, 
faitcrello, a little story ; fiume, river, fiumiedk), 
a little river ; hastone, stick, hastonedloy a 
common little stick. 

3. Etto. Examples; casdy house caseita, a 
pretty little house; fischio {lee^keeo)y whistle, 
flechidtoy a little whistle ; acmplices simple, 
aemplicettoy rather simple. 

4. Orro, Acciiiorro {ahekeedUo). Examples: 
gidvine.y young, giovmottoy a smart young man ; 
vtcchioy old ; veexhioUo, a fine old man ; graasoy 
fat, grassotUjy rather fat. These terminations 
denote al.^so young animals : dguila (ahkoo- 
eelah)y eagle, cupulofto ; or-so, bear, nrsacchiotto. 

5. Uccio, JCCloLO [odcfiecOy eerhee-olo). Ex- 
amples; boccfiy mouth, bocruccidy a little beautiful 
mouth ; dradtiy street, dratUcHolay a little street ; 
kttOy bed, leUucciuy a small bed. 

Tile termination iiccio is also used to express 
commiseration. Examples : animfiky animal, 
animaliLccioy a poor little animal ; ragazWy 
rngazzuccioy a poor little hoy. 

6. Uzzo, OLO, i'COLO {ootaoy odcolo) are 
often used to cixprcas contempt — e.g.y faccenda 
(fahchehndah)y affair, faccendiizzay a small house- 
hold affair ; poeidy poet, fxjetucoloy poet/astor ; 
mklicoy physician, inediciizzoy “ an aas of a 
doctor.” 

Augmentative Suffixes. The augmen- 
tative suffixes most frequently used are : 

1. One. ExampU.\s ; Uortuty man, ommcy a 

big man ; carrozzuy carriage, carrozzoney a great 
ugly carriage ; doltore.y doctor, diMoronCy a great 
doctor. Feminine Hubstantivos become masculine. 
Masculine substantives have a feminine in o7Ui, 
Examples: beast, (m.) ; lanciullo, 

child, fanciullone (m.), fanciulkma (f.). 

2. Azzo, -zvccio, - ASTRO {dhkOy dhcchecoy ahstro) 
imply contempt. Example.s: ro6a, goods, 
robdccitty rubbish ; U07H0y man, onidccioy an ill- 
bred man ; donnUy woman, donndcciay virago ; 
gumncy young, giovinastroy a dissolute young 
man ; atnorCy love, ammizzoy intrigue. The 
termination -accio with adjectives expresses also 
commiseration ; poveroy poor, jxwerdccioy poor 
man. The termination astro signifies also like- 
ness, but always with a sense of depreciation ; 
rerdc, green, verdastroy of an ugly greenish colour ; 
gialloy yellow, giaUastrOy of an ugly yellowish 
colour. 

3. AaUA(dhleeah). Examples : cfwrTikz, crowd, 
ciurmdgliay rabble ; plebsy plebeians, plehdgliay 
mob ; gerUCy people, gerUdglidy roughs. 

Note. No absolutely fixed rules exist re- 
specting the formation of the diminutives and 
augmentatives. Some words form many, some 
few, some none. The various shades of meaning 
are to bo learned only from use. With the very 
common i nes the student will easily become 
acquainted ; the oU^ers he nay very well leave 
until he becomes a little profi^uient in the lan- 
guage, aa it is quite possible to be understood 
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without employing them, and by using the 
adjective as in English — for example, instead 
of saying libreito, little book, saying piccolo 
lihro. 

Conversazione. 

Vi pikcciono quest! fiorellini ? 

Si ; sono belli, ma i fiori del nostro giardino 
sono molto piu belli. 

Dove avete passato Testate ? 

In campagna ; non mi piaco la vita di citti^. 

Avete ragione ; la vita di campagna 6 molto 
pill piacevole. 

(bm’ e quosto vino ? 

J I .vino non e cosi cattivo come I’altro, ma la 
birra e pessima. 

Chi e questa ragazzina ? 

E la figlia ininore di quel biion vccchietto. 

E tanto cariiiM, ma b un po’ malatuccia ; 
poverina, ha le manine froddo freddo. 

A che ora avete appuntamento con la voslr.i 
cuginetta ? 

Alle otto, dobbiamo aspettare (we must wait) 
aneora un’ oretta. 

Tanto meglio, avromo tempo di fumare (to 
smoke) una sigaretta o di fare una passc'ggialina 
ncl parco. 

TrtE VERB 

Tlie Italian verbs end in the infinitive with 
the syllable -re. This syllable is pro(;edod by 
the vowels -a, -e, -t, which are celled characteristic 
vowels. By these three vowels throe conjuga- 
tions of verba arc distinguished. 

First conjugation in -a-re, as ; parlare (pahr- 
ldh reh)y to speak. 

Second conjugation in -c-rc, aa ; credere {creh- 
deh-reh)y to believe. 

Third conjugation in as; vestire {veh-stee- 
reJi)y to dross. 

The tenses of the verbs are formed with tlio 
following terminations : 

rmperfect of the Indicative ; -w, -ri, -va-y 

-vdmoy -Vfitey -vano. (Pronounce : vo, veCy vaJiy 
vdh-inOy vdhdey vahno.) 

Imperfect of the Subjunctive : -ssiy -.9,vf, -sscy 
-ssimoy -stCy -ssero. (Pronounce ; sseey ssee, sseh, 
ssee-moy stehy ssehro.) 

Future of the Indicative : -ro, -rat, -ra, -rc7»o, 
-rHey rdnno. (Pronounce : rd, rdh-ee, rah, 
moy reh-tehy rdh-nno.) 

Present of the Conditional : -reiy -rhtiy -rthhcy 
-remwio, -restey -rebhero. (Pronounce : rth-ee, 
rehsteCy rdibhehy rdim^rwy rehslehy rthhhehro.) 

The above terminations are the same for the 
verbs of all three conjugations, and are added 
to the infinitive without the syllable -re. The 
verbs in -arc, in the future and in theconditionpd, 
change the characteristic vowel a into e. To 
simplify this we may say that the terminations 
for the future indicative and the present 
conditional of the verbs of the first conjugation 
are: 

Future Indicative : -erd, -erdi, -erd, -erdmo, 
-erdey -erdnno. 

Present Conditional : -erdi, -eristi, -erebhe, 
•er^mmo, -erhte, -erlbib&rOy 

They are added to the infinitive without the 
termination -are. 
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Present Indicative. 

For the verbs in .(are) : -o, -i, .a, -iVimo, Me, 
-ana. 

For the verbs in -(ere) : -o, , -p, -idmo, -He, 

-ono. 

For the verbs in -(ii^e) : -o, i, -p, -wVmo, Me, 
~ono. 

Pronounce : o, ee, ah, eh, ee-ahmo, ahteh, 
ehtch, eeteh, aliih 

Past Definite. 

Foi* the verbs in -(are) : -/)/, o, ‘ammo, 

’dste, -arono. 

For the verbs in : -((*re) : H, -e.sti, -c, ‘hnmo, 
-csle, ‘(roiu). 

For the verbs in -(ire): Ai, Asti, Ammo, 
Aste, irono. 

Projioiince : ah-ee, ahstee, o, ahnimo, ahsteh, 
ahrono ; ch-ce, Dt-sfee, eh, ehmmo, ehsteh, ehrono ; 
ee-ee, eistee, ee, ehnmo, eestch, eh'ono. 

Th(^ v(‘rl)S in -ere may also have the termina- 
tions: -itfi, -esti, -ettf, Aonmo, -este, AUero. 

Pronoiiiiee : eh-tlee, chstrr, ehtteh, ehmmo, 

ehsteh, ehtteh-ro. 

Present I m peratire. 

For the verbs in -(are) : >, -a, Aanut. Aite. 
A no. 

* For the verbf in -(en‘) ; -a, Aamo, etc, 

•a no. 

For tlie v(‘ib: in -(ire) : A, -n, Aamo, ite 
-a no. 

Present Sah janetive. 

For tlie verbs in -(are) : A, A, A, Aamo, Ante 
A no. 

For tln^ verbs -((‘n^) and -(h'c) : -a, -a, -u 
Aamo, Ante, ntno. 
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USES OF THE TENSES 
Indicative Mood 

1. The Present of the iNUTCATrvE is used 

express : (a) An action which is taking place at 

the moment of speaking: Je vois <iiCil pleut, I see 
that it is raining, (h) An action that habitually 
takes place : Je le vois tous les jours, I see him 
every day. 

2. In French tliero is no ‘‘ periphrastic/’ or 
“ progresb^c ” form of the present. “ I am 
writing,” “we are reading/’ etc., must be rendered 
by the simido present, j'ecris, nous lisons. 

3. After si (if) the present indicative is used 
both of present and of future action : 

SAl pleut nous ne pouvons pas sortir. If it is 
raining we cannot go out. 

SAl part demain je vous le ferai savoir. If he 
starts to-morrow I shall let you know. 

4. A special use of the French present, inst&ad 
of the English perfect, is to express an action 
begun at a past time, and continuing up to the 


Gerund. Present Part. Past Part. 
-(are) : -and^^ Ainte Ado, -a. A, -c 

-(ere): , Ando Ante hto, -a^ A, -c 

-(ire); Aoulo -inte Ato, -a. A, -c 

The above terminations ai’c \dded to the 
infinitive without ^are, -ere, -ire. 

Key TO Exercise XV'IF. 

1. Peter is as good as ('harles, 2. I have as 
much money as you. 3. My fatluT is rielu r 
than your friend. 4. That wateli is ci('a.rer than 
that chain, o. The dog is more faithful than 
the eat. G. Winter is much colder than autumn, 
and spring is much less warm than summer. 

7. These houses hh* more liigh tlian broad. 

8. Yesterday it was cokl, hut to-day it is nuu^li 
colder. 0. Jf to-morrow is warmer we will all 
go and take a walk into the country. 10. This 
street is too long, the other is much shorter. 

Key TO Exkju'Ise Will. 

1. This music is very beautiful. 2. Dante is 
the greatest ])oet of ltah\ 3. This is the im)st 
beautiful page of our bistf>ry. 4. 'Iho greatest 
debt is a benefit recMMvr^d. o. 'rh(‘ poor are 
often happitr than tin* rich. t>. If you have 
Kptuil all your money, so much the wi)rs(‘ for you. 
7. Steel is liarder than iron. 8. We are very 
much .satistied with our studies. 0. Th(< hoys 
have studied all day. 10. So much tin? hotter ; 
the more they study, the more they learn. 11. 
It is better not to speak of certain things. 12. 
That girl is very b(‘antifiil ; she has very black 
eyes, and hair as fair as gokl. 1.3. My youngest 
brotluT is at (*ol!ego, he is a very intelligent boy ; 
ho is the best of all tlu^ pupils. 14. Do you like 
my new suit ? 15. I do not like it much, it 

is too liglil ; my suit is imicli darker. 10. 1 live 
very far oif, hut our tVieiid lives much farther 
off. 17. Often the remedy is worse than the 
evil. 

ontinued 


By Louis A. Barbe, B.A. 

pre.serit. In this cunstiiietion it nuiuires either 
depiiis or it // a . . . ({ue. Willi depais tlui 
order of the words is, first the verb, next depais, 
and finidly the expression of time : 

N<fas sornmes irl detmis trois semaines, Wo have 
betui here for (the last) three we(‘ks. 

Je vous attends depais dir minutes, I have been 
waiting for you for (the last) ten minutes. 

1). II ]f a begins the sentence, and is follow (?(I 
-*by the expression of “ time liow Jong,” t)i<‘n by 
que, and histly by tlie verb : 

II y a trois semaines qae nous sornmes ici, 
We havii been here for three weeks. 

ll y a di.v minutes que je vous attends, I have 
been waiting for you for ten minutes. 

G. With “ point of time since when ” depais 
only can be used ; 

Nous sornmes ici depuis le premier aotU, We 
have been hen* .since the Ist of August. 

7. When the expression of “ time since when ” 
is identical with an expression indicating the time 
of day, i/ y a must be used to avoid ambiguity. 
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Je vous attends depuis une heure moans “ I 
have been waiting for you for the last hour”; 
but it also means, “ 1 have been waiting for you 
since one o'clock.” When the former meaning 
is intended, it is therefore better to say, II y a une 
heure que je vous attends. 

8. The IwruRFECT Indicative is used to 
express what was taking place when something 
else took place ; Je Usais quand vous etes entres, 
I was reading when you came in. 

It is also used to express what used to take 
place : Uannee dernihe je le 7>oyais tons les jours. 
Last year I used to see him every day. 

9. It is the descriptive past tense, and, in a 
narrative, is used to express attendant circum- 
stances, natural phenomena, manners, customs, 
etc. 

Les rayons de la lanterne eveiUaicM les inscctes 
et attiraienl les phaUnes q^n venaient en hattre 
la come de levrs ailes jumssiereuses. Le temps 
Halt noir, Un coin de la I une se devinait d 
peine d, travers les crevasses d'nn nuage rouleur 
d'encre, The rays of the lantern awoke the 
insects and attracted the moths, which came 
and beat against its horn witli their dusty wings. 
The weather was black (lowering). A coriuM* 
of the moon could barely bo traced (lit ., guessed) 
through the chinks of an ink-coloured cloud. 

10. The imperfect indicative is used after si in 
hypothetical sentences : JSHl Hait id, nous le 
verrions, If ho were hero, we should see him. 

11. The imperfect indicative is used in French 
instead of the English pluperfect to express an 
action, which, having been liegun at a jiast 
time, was still going on at a time now also past. 
In this construction depuis orilya... (ywemust 
bo used just as they are used in the analogous 
construction with the present tense : 

II y avail deux ans que durait le siege, Le 
si^.ge durait depuis deux ans, Tho siege had 
lasted for two years. 

12. The Past Definite is used to present 
an action as completely past, and in such a w’ay 
that tho beginning and the end of that action 
are brought before the mind : 

Ln mil six cent huit, le Fran^ais Samuel de 
Champlain fonda la colonie dm Canada, In 1608, 
the Frenchman, Samuel de Champlain, founded 
the colony of Canada. 

13. The duration of an action is expressed by 
moans of tho past definite provided it be con- 
sidered as a single definite point in past time. 
Wlien this is tho case, the verb is usually 
modified by an adverb or adverbial phrase of 
time : 

Louis XIV, reg'na soixante-douze ans, Louis 
XIV. reigned seventy-two years. 

14. The past definite is the tense of historical 
narrative, and is used to express a succession of 
actions of which each is complete in itself : 

Pytheas de Marseille, vers le milieu du 
quatrieme siecle avarU Jestts-Christ, fU un voyage 
dans le mrd de V Europe, longea les c6tes de la 
Gavh, entra dans la Manche, visita les cdtea 
meridiondlea et oncntales de Vile de Bretagne, 
dHetmina la latitude de Vextrimite nord de cette 
He, et aprh six joufa de navigation pomnf d 
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Thule, au deld de laqueUe il ne put naviguer, 
empeche quHl fut par a'epais brouillards, 

Pytheas of Marseilles, about the middle of 
the fourth century b.c., made a voyage in the 
north of Europe, skirled the coasts of Gaul, 
entered the Channel, visited the southern and 
east cm coasts of the island of Britain, ascer- 
tained the northern latitude of that island, and 
after six days’ sailing, reached Thule, beyond 
which he could not sail, being prevented by 
dense fogs. 

In the following passage, the change from 
past to imperfect illustrates the difference 
between tho narrative and the descriptive tense, 
between that which expresses transition from 
one state to another, and is used for successive 
actions, and that which exprcss(\s state or con- 
dition at a certain moment, and is used for 
simultaneous actions : 

La lane se leint derriere la redoutc de Cheverino. 
. . , EUe etait large et range enmme cela est ordinaire 
d son lever. Main ce .wirdd elle me parut d'u7\e 
grandeur extraordinaire. Pemlnnt un instant la 
redoute .ni deiacha en noir sur le disgue eclatant 
de la lane. Kile res.^emhlait an cone, d' un volcan 
au 7noment de V eruption. U^t vieux .soldat, a u pres 
duquel je me tronmis, remarqua la rouleur de li 
lime. ” Elle est hien rouge,'' dil-il . . . Cet 

augure ^nafjerta, Je me covchai, mats je ne pus 
dormir. Je. me levai, et je marchai quelque temps, 
regardant V immense Ugne de fenx qui couvrait l^s 
hauteurs au deld du inllage de Cheverino, 

The moon rose behind the Clieverino redoubt. 
It was broad and red, as is usual at its rising. 
But that evening it seemed to mo of extraordina^ 
size. For a moment tlte redoubt stood out in 
black on the bright disc of the moon. It 
resembled tho cone of a volcano at tho time of 
an (Uiiption. An old soldier near wliom I 
ba})pcnod to be, not iced the colour of t he moon. 
“ It is very red,” ho said. . . . This augury 

affected me. 1 lay down, but I was unable to 
sleep. I got up and walked about for a while, 
looking at the immense line of fires that 
covered the heights beyond tho village of 
Cheverino. 

15. Tho Pluferfeot Indicative and tho 
Past Anterior of the Indicative arc both 
reuderod by the same English form — viz. : had 
-f past participle ; j'avais donne and j'eus donne 
both mean I had given. But the pluperfect 
merely indicates that, at a point of time now past, 
an action had already taken place, whilst the 
past anterior presents one action as immediately 
pret^eding another. They are usually preceded by 
” when,” “ after,” ” as soon as,'’ “ hardly,” 
“ no sooner ” — quand, Inrsque, apres que, des que, 
aussitdt q7ie, ne . . . pas plus tot , que : 

J'avais termini mes affaires quand vous 
partites, I had finished my business when you 
wont away. 

Quand j'eus fini je sortis. When I had finished 
I went out. 

16. The Future expresses that something will 
take place, and is equivalent to tho English 
‘I premetivo future ” — I shall give, thou wilt go, 
he will write. To express tho “promissive 
future,” in which “shall” and “will” are 
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“ notional verbs I will speak, you shall go— 
independent words must be used : Je irnx 
parler, il fatit que vous alHez. 

The future must never be used after .s/, if : 

11 nous kcrira sHl a besoin de. nousy He Avill 
write to us if he has need of us. 

In English the present frequently occurs 
instead of the future, after when/’ “ as soon 
as,” and similar expressions. In French the 
future must always be used : 

r sliall speak to him when I see him, Je hn 
]Hirlerai qnand je le verrai. 

Exercise XXIV. 

1. Bears {ours) climb up {qrimper*s(n ) trees. 

2. Tl»e sun shines {hriUer) for everybody 
{tout le monde). 

3. The earth refuses {refuser) nothing to those 
who cultivate (rultiver) il. 

4. Railways have contributed {rontrihuer) 
to the progress {le prog res) of commerce. 

5. if he I(‘nds you his book do not forget 
{oublier) to thank (reuiercier) him for (of) it. 

(i. Wg have been working foi' more t han an hour. 

7. He who has not tilled shall not r<‘iip 
{recolter). 

8. You will regret {regretter) not having (to 
have) spoken to him. 

1). They prevcuited me from entering (entrer). 

10. Your parimts desire that you should work 
a ssi d u on sly ( assid u w cut). 

11. I had he(*n waiting two hours for him 
when his letter was brought me. 

12. The siege {siege) of Tioy {Troie) lasted 
{dura) tiai years. 

13. If I dared {le) i uould ask him to lend 
mo twenty francs. 

14. He told me (thu) he would explain 
{expliquer) that rule to me. 

15. When we had finished {acliever) our work, 
we went {alia men) and j»lay<‘d. 

IG. 1 told him yesterday that 1 should eonie 
{viendrais) and S}»eak to him to-day. 

17. lie never meets {renennirer) us without 
borrowing {e.mpruuter) money from us. 

18. I would not have given him anything 
if he had not looked so wretcdied. 

19. Do you think(that) your father will come 
back {rentrer) before twelve o'clock? 

20. I wish {souhniter) (that) he may give you 
what you have asked him (for). 

21. The dictionary is on tin? table ; consult it. 

22. Beg him to come in. 

23. Ask your friends what they think of you. 

24. Does your brother speak French as well 
as you ? 

25. It w difficult to overcome prejudice. 

26. Would your friend dare to speak to them 
if he were to meet them V 

Conti 


Key To ExEitasK XXIII. 

(Viix qui mepristuit les potits dt^fauts ont bien 
tort. Ix^ ])lus petit onnemi est ton jours assez 
grand pour etre darigcrcux. Co no soiit pas Ics 
elephants qui (uiusont la perto des mnissons ct la 
pertc dcs laboureurs ; sont h's saulerelles et 
les petites chenilles qiumd le ble est en herlw' ; 
les eharanyons et autres insectes impcrccqU iblcs 
<piand iJ est mur. Ce m* sont pjis les gros vol(‘urs 
seulcmcnt- qui dcpouilhuit la trcille ct le vcrg(‘r 
de IfMir fruit, ce sont les pet its aiissi, les moineau^ 
<4 meme les mouehes. 8ans (4 re niortels, les 
pet its maiix sont quelquofois des cmiomis aussi 
insiipportables qu(^ les grosses maladies dont 
nous avons pour. (Vest ])ies(|ue ton jours ])ar d > 
petits maux negliges qiu* les grands arriverC 
Demain le petit rhiime d'aujourd'hui sera pent- 
('4 re line fluxion do poitrin(‘. Sans les petits 
defauts il n’y aiirait pa:i de vices. D’ailUuirs un 
petit defaut n’est pas une ])c4ite chose, et ou 
il y en a un il n'y aura jamais de chef-d'ceuvre. 
Cue vcrnic n’est pas bicai grossc, nuiis si vous 
Tavez sur le bout du lU'z, re sera ])our vous une 
cause conliriuclle d'emiui et de contnirude, I’n 
petit defaut n’e4 jnmais de petite im])ortanee 
s41 est })(a‘mauont. (i; qui est durable n'csl 
jamais p(4it. D'ailleurs un petit defaut csi 
toujours le commcnccim nl d'liii grand ; les vii-es 
eiix-mcmes sont les enfants des petits defaiits. 
Le petit d('4aut sera bicntot gi'aiid ; ou il y en 
avail un il y en aura bicuitot plusii*urs. Cn petit 
defaut n’est jamais seul. II a toujours uiie 
faniillc. Si ce n'l^st point jiour lui, c’tMl pour sa 
))ostcrite qu’il est a craindre. Vous avez um* 
d(‘iit qui a un petit )>oint noir. (\\ n'l'st rien ; 
mais si vous le negligcz, ce sera ]>ieiit6t toute la 
dent qui sera gAtth*. .VpriXs eellc-la, ce sera la 
voisine, puis la voisinc de la voisine, et le petit 
point noir qiie vous avez neglige vous aura 
eoiite plusicairs dents. S’il y a une primi* 
pourrie dans un panier de prunes, toutes U*s 
primes sciront biiailot pourrics. Le voislnnge 
d'un petit defaut n est jamais inditferent. I.a 
vanite scmble ("4 re im petit d('4‘aut ; mais o est 
un petit defaut qui a une bitai vilaine progeni- 
tiire. Phle a ]>our fils le mensongi^ qui, inal- 
heureusement n’est pas son seul enfant. Kile a 
en outre deux tillcs, qui sont la jalousie t't 
I’envie. Barmi Itair poslerite ils auront la haiiie, 
qui sera a son tour la mere de bien des erimes. 
(-’est a cause de Icur teiiuite meme quo les 
petits defauts sont si dangereiix. 8’ils n'avaient 
pas Fair si innoeents, nous en aurions peiir, nous 
serious sur nos gardes contre eux. 8oyoz indul- 
gent.s aux petits defauts do vos amis si vous 
nT'tcs pas a meme, de les r('4'ormer ; mais aux 
votres, qui sont toujours sous votro main, soy<*z 
implaeables. 
lued 
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By P. G. Konody and Dr. Osten 


LIXt Comparison of Adjectives (continued ’ 
from LV.), In t lie comparison of predicative 
adlectives and corresponding adverbs of manner 
(which lU’e not subject to declension) the super- 
lative is formed with nlu (contraction of an 


trill) and viilfci (auf ta^). 'Some luono.syllabie 
adverbs often add the suffix -CIU^ (fvat, bit-e, 
fvat-rjl-ciic! ; fviU), early, fvfd)-ejl*fu<t , etc.). 
Examples : iU'yvl fiiicc^t fcl)ncU, the bird flies 

quickly ; trv piqV fc^ncllftcn 
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intfii ©c^neKi'lf. X>ie €acl?e ifl auf^< ©eflc erlfbi^t. 
the matter is nett led in the best way. The ad- 
verbs bvUD, soon, oai ly, and ^fru, willingly, gladly, 
form the cemparison irregularly : 

1 hdp, 2 cl)fr, 3. am cl)cflcn. 

1. ^ern, 2. lieter, 3 am Uebfteu. 

1. '^rhe comparative of inferiority is formed 

with the cmiiimratives U'cniv^t or miiibcy, less, 
and uidjt fo . . ali<, not so ... . as, which, of 

course, j>reccde the adjective, adverb, or parti- 
ciple: I)ie Viiibf ill fcl>mtiyp tie 'thivi'd dl uumiiifr 
r*(bat (or nid)t fo fd’arriyt) ala bh Vinbf, The lime- 
tree is shady, the pf)plai- is less sliady than (not 
so shady as) the lime.-tree. 

'rhodegice of muliial qualities may also bo 
comf)ared by mfl)r .... ala, more .... than, and 
U'cniy^cc . . . ala, less .... than : ^)aa A^aua ifl 
UH'niy^cr l;ocl^ ala ca brcit ift, The house is less high 
than it is wide. . 

2. The su[>erlativo is generally used with the 

definite article, 'i’he comparative may be used 
with the indetinite article, but not the super- 
lative ; ciii '^clm, a younger son ; bet 

iuiiv^fte i*ol)n, the youngest son. 

Tlio detinite article is dropped in the form of 
the English possessive or Saxon genitive, which 
the German language has borrowed from tho 
Kngli.sh: X)ic ypxjjie lat ’ilhlfcita, the greatest 
deed of Nelson ; but : llhlfoua .5at, Nelson’s 
greatest deed. The article is also dropped in 
several adverbial genitives like beflmfalla, in tho 
best case ; fd^limmficufalia, in the worst case, etc. ; 
and in names of materials in advertisements, as : 
bcjlca fcl, best oil ; fciiijlc 2eifc, tincsb soap, etc. 

The indetinite article is sometimes employed 
with tho superlative if the superiority expressed 
is absolute. The siiperlatives aUevlicbjl (in the 
sense of “ most charming ”) aiid Icbt (last) are 
absolute, and can therefore be used with tho 
indetinite article: ciu allcvlicbtiea 9}}ab(^fii, a most 
charming girl : ciii Icbtca ^DiiUcl, a last means, etc. 
The plural is, of course, formed without article : 
allcrlicbftc aiMbd^cn. 

3. As in English there are in German several 

adjectives which, owing to their detinite nature, 
admit of no comparison whatever. Among them * 
are those which detiote cerUin geometrical forms 
and materials . A three-cornered obj ect naturally 
cannot undergo any comparison of superiority, 
as a higher or lower degree of this quality is 
excluded: (Sifcni, of iron ; ^albeit, golden ; (ilbcrii, 
of silver ; flciuevn, of .stone ; bcci'ctti^, triangular; 
ad; pc^jal^ri^, eighty years old ; finiftiip future ; 
bi'bvelt, double; ciir, mfl;rfilbiij, mono-, dis-, 


multisyllabic ; and f:.iinilar words, of which the 
positive already expresses the only and 
ultimate degree of (piality. Scev, empty, and 
\>oll, full, do not belong to this group, as they 
admit relative comparison : a hall, for instance, 
may bo emptier or fuller than another. 

LX. SrpEKLATivK Formed by Circumlo- 
cution. The superlative formed with am is 
used relatively (conqKuatively) with predicative 
adjectives and adverbs : 9lui bcftcii ill baa ^13101, 
U'fiiii ea indit pt frifd; ift, 3’he bread is best when 
it is not too. new. Die dtinbfv fiHb flfilJt^, irenn fit' 
allciii fttib, abfv am int 'i3ci'foin bcaiJelpcva : 

The children are diligent when they arc alone, but 
most diligent in tho presence of tlie teacher. 

1. The superlative formed with aufa is 
generally used adverbially and absolutely, 
without comparison, thus denoting a very high 
ab.solute degree ofacerUiin condition: 3d) umire 
aitfa 'Dole fmvfaiLV’Jh 1 received in the best 
way ; ic^ mar aufa vScfUimmlle ivfaiit, I was prepared 
for the w^orst ; cv mar aufa .t>cclqlc iibcviaid;!', lie 
was surprised in the highest degree. 

2. Adverbial siiperlaiives with the root-form 

-ft are usual with adjectives ondin.g in and - lid) 
(generally in the absolute, sense) denoting polile- 
ne.ss, devotion, etc.: an'j^elcivudid), concernedly, 
urgently, pressingly, aiu^flcv^eiUlid)-ft ; cljr'crbietitU 
reverentially, ebifibictitV ft ; lu'flid)-|b politely, id) 
bittc l)oriid)-ft, I beg most |)o]itely ; ilu^H uiir 

vV'fariivpft. Will you kindly tell me ; >;fi^fii mil' 

iV’itiv^l, AVill you kimlly show me, etc. But 
besides these there are some adverbial su])er- 
lativos with -ft, which are used in a relative 
sense: Dtiiujcu ^ie mil* mi\^liih*il fd}ucll, Bring me 
as (piickly as possible ; fic vV)b mir bic miiibfll fd)oue 
3K'|V, She gave me the least beautiful rose, etc. 

3. Tho adverbial superlative formed wdth -cua 
is generally used in an absolute sense: id) baufe 
3l)nni fdu'uftfua (or bcjlcua), 1 thank you very 
much ; but never id; baufe 3l;ncu tcr^lid)|tfua, 
I thank you most heartily, as her ^ lid) is dis- 
syllabic and belongs to the group of adjectives 
ending in -lid) which bike the root-form of the 
superlative with -|l : l)ei,^lid;-il. 

4. Several ailvm*bial su[>erlatives with -jl and 
the prefix ,pi are used relatively, the latter 
being sometimes written separately: pt f;cd;)l, 
higlie.st ; pi iief|l, lowest ; and sometimes con- 
tracted with the superlative : pier ft', firstly ; 
pile^t, lastly ; pimcift, mostly. 

5. Several adverl)S of place have corresponding 
attributive adjectives, which are used adverbially 
in the superlative. 


Positive A.'lt^erh 

AUrihutive Adjective 

\ 

SuperlcUive Adjective tised 
Adverbially 

auSeu 

iiiurii 

cbeu 

an ten 

(f;ie)nicbeu 

(;intfu 

DOVlt 

mitten 

out, on the outside 
within 

above, overhead 
below, beneath 
down, below 1 

behind | 

befoio, in fn'ufc t 

in the midst, | 

in the middle 

du^er 

tmiev 

cbtx 

imter 

iiieber 

l;ittter 

wevber 

mitder 

(mittel) 

outward 
inner, intrinsic 
upper, higher 
under, below 
low, lower 
behind, after 
fore, front 
middle, mean 

1 

diipcrft 

inner ft 

cbeift 

nnterft 

nieberft 

biuterft 

vorberft 

mittelft 

utmost, extreme 
inmost, innermoit 
uppermost, highest 
lowest, undermost 
lowest 

hindermost, last 
foremost 

midst, middlemost 
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LrXI. Irregular Verbs ; sonic combining strong and weak elements, some with irregular 
inflections. 


Infinitive 

Present Tense 

Imi’ei 

Indicative 

IFECn’ 

Subjinictive 

Imi’EU \- 

TIVK 

Pa.st 

Pahtutui.e 

(iriuc^eu 

t-o bring 

id) briuvVf, -ft, -t 

id; f'vad;te 

id) briid'te 

l'uiu^(e) 

v^bvad't 

tuufen 

to seem, appt^ar 

ec( biiuft 

ee< bdud;te 

ee< bdud'tc 

biiufe 

uebdud)t 

tiirfeu 

to have per- 
mission, may 

id) barf, barf ft, barf; wir 
buvfeu, biii-ft, burfen ; 
Nubj. : id; biirfe 

id) burftc 

id' burfic 


(fetMift 

feuuctt 

to he able to, 
can 

„ fauii, -jl, fauu; wiv 
fiMiucu, fcuut, fouucu ; 
subj. : id) fCume 

„ fouute 

., fiMiute 


iVb'uni . 

mal)lcn * 

to grind 

„ maljl-e, -ft, -t 

„ uialdtc 

„ uiahltf 

maM(c) 

iV'iimldcu 

uu'rtcn 

to be alile, 
like, wish 

„ uitii^, -fl, mau; wir 
uiiSvu, uiiS-^t, uiov^cu ; 
subj. : id) utinfc 

„ uu'd;(f 

„ luih'l'tc 


i^ciiiod't 

muffeu 

to be obliged, 
must 

,, mill), -t, uuip; U'ir 
muiTfU, luiifU, muffeu 

,, miifdc 

„ uni file 


i^rmufd 

fat, ten 

to Slllt 

„ I'al^-c, -eft, -t 

„ fulfte 

„ faltie 


i\cfalvn 

fcKeu 

to b(i obliged, 
shall, ought 

,, foil, -ft, foil ; subj. : 
id' foKe 

„ follte 

„ 1 elite 

1 1 

vvb'llt 

fvalteu 

to sjdit 

„ fvalt-c, -eft, -c{ 

„ fvaltcte ’ 

„ fpaltctc 

; fvatt(e) 

vV-fvaltcu 

U'iffcu 

to know 

„ weif), -t, weifj ; wit 

U'ififU, U'ifd; subj. : 
id) U'iffe, -eft, -f 

1 „ U'ufde 

1 „ wiifUe 

wiffc 

i^Wllflt 

U'ctlcu 

to he willing, 
will 

„ wilt, -it, will ; U'ir 
U'oKeu, U'oKt, U'ollcu 

„ U'cllte 

„ WoKtc 

woHe 

' iicwollt 

ten feu 

to think 

„ bcuf-e, -ft, -t 

„ bad'tc 

,, bvid'tc 

1 benf(c) 

vVt‘id't 

tvcuucu 

; to burn, scorch 
to know 

' „ keuu-e, -ft, -t 

„ brauiitf 

„ brenulc 

1 l'vcnu(e) 

vV'brvUuit 

fenueu 

,, fcuu*c, -ft, -t 

„ faiiutc 

„ fcuutc 

I fmu(e) 

i 

ueiiueu 

to name 

„ uciiu-e, -ft. -t 

„ uauutc 

„ ueuute 

; ucuu(e) 

‘ v^cuamit 

rcuuen 

to run 

„ rcuu-f, -ft, -t 

„ rauiue 

„ venute 

i rcuu(c) 


feuteit 

to S(?nd 

j 

,. feiib-e, -eit, -et 

„ faubte 
feubete 

„ feubete 

j fcub(c) 

1 wcut(c) 

i 

' .■iNo v\cfeubot 

U'cuten 

1 to turn 

i 

„ ucub-e, -eft, -et 

id) waubte 

! <th» Well bet e 

1 

„ wcubete 

' uNu ucwfiiber 

1 

♦ Note the difference between mal)leu, to grind, 
conjugation. 

and malcu, 

to paint, whicli follows llie weak 


EXAMINATION PAPER XVl. 

1. Whieli elements are to be found in the 
conjugation of iriegular verbs ? 

2. Hovv do the verbs brcniicji, fcnuai, iicnueii, 
veuucu form the subjunctive imperfect i 

3. How can one form by circumlocution the 
superlative of jirediciitive adjectives amt 
corresponding adverbs (if manner i 

4. How is the comparison of inferiority 
effected '( 

Hoav are the degrees of .mutual (jualities 
compared^? 

6. Why is it ijossible to use the indetinite 
article with the comparative, and, as a rule, 
not with the superlative i 

7. * Which of the two articles is employed with 

the superlative, and when must it be 
di’opped? 

8. When is it possible to use the indefinite 
article with the superlative ? 

9. Which adjectives arc not subject to com- 
parison ? 

10. Which adverbs take the root-form -ft in tlie 
superlative ? 


Exkuc’Ise 1. Insert the missing verbs: 

Tev 9)hil(cr ta;? .Ucrn. Tci* .Uiiuftlti: |iat 

The miller grinds the corn. Tlie artist has 

ta!? ...... tii tcii .Wviffee' V 

liainted the picture, Have you ground the coffee i 

'llhuu id' miv mit cud,' v^heu ! (^r .... 

If 1 only could go with yo\i ! He must 

hfiuc v^ct):n. Tev 'lhatev 

go to-day. The hou.se burnt. Tlie father bought 

rif Okfd'cn'fc fiir tie .Uiiitcr. '^daium ihr 

the presents fm'tlie children. ' Why did you know 

uiditei? Ad) iiid't fpidcii. 2ie 

nothing f 1 was not allowed to play. Slie 
uid)t taraii. Tie .Ucd'ii! . . . . tac< Jvlcifd'. 
did nob think of it. TJie cook salted the meat. 
Tac< Alcifd) war uid't .... t^r . ... i hr "1^ lumen. 
Tile meat was not salted. He sent Iier flcjwers. 

'Irhw (uU cr il)v 

What has he sent her ^ 

Kxehcise 2 (a). Change the following com- 
paratives into positives and superlatives: 

Ad) wertf I i e fe c v ju Al)iicu tcunucu. (§6 ijl f u ^ I e v 
I shall prefer to come to you It is cooler 
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im (Siartrn. C^r man'ftaUete S(((e^ beffct. 
in the garden. Ho arranged everything better. 
Uttfm S^ferte licfeu fctneKer, 5Bic 9iofe 
Our liorses ran faster. The rose smelt 
(Sv ijicUe c^eitauer. 

more sweetly. He aimed more piecisely. 

(b). Change the following comparatives into 
superlatives : 

(•it irar ein i u n 9 e r e v ter i^amilie . ‘iiUv u\ircu 
He was a younger son of the family. Wo were 
d)lfchtere ^Scl)ulcr in iiiifevcr .itUifTc. 3ch 
worse pupils in our class. 1 am sitting 

untcr ftiicm f d» a 1 1 iii e v c n '.Ihuime. Sic uiitf 

under a sluulier tret!. Tell us 
fine t n r t i e V c CMefd^iihto. (5r i) ivatet ein 
a jollier story. He marries a 
V c i flu V f 0 ?ll?atd>cn. 
richer girl. 

* (c). Change the following sentences into the 

fonn of the English Po-'-sesHive : 

.^ct f t f r f i d) ft c Jyclb 

The most glorious camjiaign of Napoleon. 

' T^ic fd>onftf 3ut t> f< 93hnf(t)fn ift bif '4.V|d'fi'cfnheit. 
The most beautiful adornment of man is modesty. 

!I^aci fbflftc licr bef* ift bev -'>ivfdh 

The noblest animal of the forest is the stag, 
(d). Insert the mis.sing superlative suflixosi 
3d) Kinfc 3 r)nnt beft . . . 3 d» baiifc 3 bnfu 

I thank you [in the best way]. I thank you 

her^jUd) (Mvupfii (3ic ibu fdHuift .... 

most heartily. Give him my kinde.^t regards. 

3 d) enipffl)(c mid) etiteben .... 

I am your most obedient servant 
^1 recommend myself most obediently). 

Keys to Exercises in Examination Payer XV. 
(Paob 3064) 

Exercise 1 (a). !Dcr ift brfitfv. 

@fi( ift biffev. Jfeer 3ihin ift feiner. !j)ie tJtcfe vlcf^t 
l^^rvUc^ev. Sir fauftcii fc^ihuve 93lunuu. C?r fal) 


traudgfr aud. lX5ci.$immfl ift bfiftcrer. $)er 9:aum 
ift mar Irfer. 3Weiti 5Pferb ift 

fbler. !Weiii $fifrb ift bon eblcrer 9lbftammittij3. 
(?r fvtubtc mir einen fliufcreu .'iSotfi!. 3d) faf) eiu 
fdjtanfm^ aWdbd)fn. 3)ie brannte l^clhr. ^eiit 

'^trvict ift mcipfi*, mib 31)rc^ ift Qclber. 91ettci*c £cutf 
finbet man fclteit. 

(6). Comparative: ^Ifcrb Kiuft fc^ncthr. 

T'if Sonne 3talicn^ fdieirtt l)c((cr. 3ch \rol)nc naber. 

TiMi flinat leliur. Xias .llinb Unit flci^i^c;. 
T'fc Slhillou ftci^t hi'bcv. 

Superlative: ^ferb (diift am fd'nedfteii. 

'X^if Sonne 3talierta fiheint am l)e(lfrcii. 3^ mobnc 
am «dd)ftcn. Ter Xoii fliiu^t am reinftcu. X)a6 .^tinb 
Unit am fieifiii^ftcii. X'er 'li.illon ftci^t am bbd)ftcn. 

(r). X^iefee! .Uiiib ift bas< citclfte (or am citclftcn). 
T'ic Strajii' UMt bic ebeufte (or am ebciiftcu). Tie 
(Mefcltfd)aft mar bi? fi'bl)ltd'ftc iinb beiterfte (or am 
fviH)lidificn unb beitcvftcii). Tev ticfftc ^Brnimcii mar 
and) bev breiteffe (or am brcitcffeii). 'i)?ait miifi am 
bovjiddu^flen fein, menu etc. Tev Xuvm ift ber 
l)ocbfte (am hod'ftcii). Ta^ biuhfte ^>aiia foftet am 
meifUn. 3d> babe ba^ beftc i^cfaiift. Ter cbclfte 
'llUin fd'merft am bcfteii. 

(d). 3d) bill fo ^rofi mU bn. ?vd) bin v^rofier alci 
bn. Sic finb fo liebcii^miivbi^ mic 3t)rc Sdnrcftcv. 
Sic finb iielvuomiivbiivr 3bv SWnibcr. Tieicv 
Sd>fiUr ift mciiuin fleifiiv^ alii icner, oKiUid) rr fo alt 
ift mie er. Tat) ixtar bfi^ liUtdrd'cih’f mar lidit mte ein 
.Uovufclb. . lid'ter aU’^ ciii »kontfc(r. 

Exebcisk 2 (a). 3d) mar ber (?aiif^ebiitc in ber 

f)Utt)e. Tei Dfjijicv tad ^iierfi bcii bvittcii Otamcn imb 
baiin ben ad)tcii. b ar am eiiiiinbpi'aiipvifteii 3)tai. 
Vlnf metd)en X'ay^ ber 'IHocbe fdbt ber evfte ^HvrU? 

(ft), (iin l)alb; eiu Trittcl ; cin ^Ucrtcl ; eiu 
^unftel; eiu Scd)btcl ; cin Sicbcntcl; cin Vld)tcl; 
ein Sed)^el)iitcl ; cin 3manpaftcl; ein Ttcifjuiftd ; 
cin ’llicrpi^ftel. IJ 4J, 3J, 5J, 2i. 


Continued 
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Group 20 

‘DRESSING LEATHER 

LEATHER 

Finishing Sole Leather, Currying, Splitting, Boarding, and Graining. The 

4 

Tools and Processes. Distinctive Features. Imitation Graining of Leather 

Cnntiiiu«(l from 


By W. S. MURPHY 


Finishing Hard Sole Leather. The 

object aimed at by the finisher of sole leather is 
to preserve weight, while giving the butt smooth- 
ness, density, and clean grain. 

Different tanners adopt different methods, and 
it would serve no purpose to detail all those ])ro- 
c.cMwes minutely. However effective may be the 
special features of the process devised by one or 
another, the main lines of treatment are all that 
really matter. Another difference, and a veiy 
important one to the practical workman, is the 
degree in which machinery is used in the tan- 
work. In many of the older and smaller taii- 
i»eri(^, the workman will find no machinery 
employed in the finishing of sole leather. As 
hand work generally follows out tlu; root prin- 
ciple of an industrial operation w(^ shall take it 
first. 

The butts arc taken from the layer pits, and 
allowed to drip free of superfluous liquor, then 
laid over a stool with a rounded beam for its 
top, named the hme. Now the workman takes 
a smooth, heavy stone, and rubs all over the 
leather, his object being to draw the fibres 
closer together while smoothing the surface. 
He next applies heavy brushes, full of water, 
strenuously rubbing till the leather seems as 
hard and smooth as a sheet of plate gla.sH. 
'fhis lias taken out the bloom, and now a layer 
of oil is lightly brushed on the grain side, and 
the leather is set. aside? to dry. When dried to 
a soft degree, the batch of hides is laid in a 
pile and left to season or temper. Care must 1 h> 
taken not to let thejn heat or diy too hard. 

Next, the tanners take the hides, and pin or 
drihe them with a two-handled tool having 
three blunt edges. By means of the strikers 
the grain of the hides is flattened out till not 
a vestige of the pores of the hair roots remains. 
Again dried, the hides are pinned again, and 
then put under — firet a light brass roller, and 
then a heavier one. Where machinery is not 
used a vetry primitive and simple, method of 
rolling is adopted. The bench is a low table 
covered with zinc, and on it the hide is laid. Two 
men, each holding a handle of a brass-covered 
roller, slowljjf roll the hide down. Next, they fix 
the roller under a box, full of heavy stones, and, 
with this weight on it, run the roller over the 
hide. Wlien rolled smooth by the machine [14J, 
the leather is hung up in the drying room, and 
left there to dry for a week or two. Brushed 
hard to remove superfluous frays and fringes, 
the leather is sent to the market. 

Machine Leather Dressing. Hand 
labour is seldom the only instrument of pro- 
duction in modem tanneries. At one point or 
another, even the most conservative of manu- 
I o 35 ^ 


facturers Ix^gins to utilise machinery. Among 
the first machines to be used in this country was 
the machine now known as the ofjal roller. The 
bottom part is a broad wheel, set in a strong 
biise, and over is geared a bracket holding a thick 
little roller, capable of being heavily pressed 
down. I^aid on the brood wheel, the hide can be 
rolh?d as lightly or as heavily as may desired. 
For “ striking.” too, the tanner has adopted 
machinery [ 13 ). 'I’liis tool can bt? utilised for strik- 
ing anti sleeking. In the centre of the machine a 
wooden cylijuler rotates under the mechanism of 
the stones or rollers, while on a table in front rests 
the hide operat(?d on. At the side the long arm 
is driven by a powerful crank, and it moves on 
guide rods from which depend the handk^s on the 
WTists of which the rollers, stones, or brushes are 
fixed. The butt is laid on the wooden cylinder 
that rotates slowly, while the stones rub swiftly 
to and fro, and strike it down to the proper 
smoothness. Supplementary of this tool is the 
double- bed butt-roller, geared under a heavy 
bridge, the roller driven by an endless chain. 
The pressure may he regulated to any weight. 
Hides passed under this roller liavc a uniform 
regularity of surface only to ht? equalled by 
the work of the most excc})tionally skilled 
craftsmen. 

The Currier at Work. It we look 
at two pieces of leather, the one stiff and horny, 
grained over like the epidermis of a wild hoar, 
the other smooth and flexible, glassy and soft, 
wo may think these two things, so different 
in appearance, must have had origins wddely 
different ; but it is not improbable that they 
came from the hide of the same animal or 
from hides exactly similar, 'riie difference is 
W'holly the creation of the currier's art. Of 
course, there are organic differences in hides ; 
you could hardly gel lambskin out of the hide 
of a rhinoceros. 

As may be inferred, the currier’s work covers 
a wide field. He deals with all classes and 
kinds of hides and skins, and produces an 
even wider variety of leathers. This tends to 
separate him from the tanner. Oenerically, 
the two trades were one ; but the currying 
business has developed to such an extent that 
no tanner can take his place in the currying 
.shop without training. Currying, indeed, may 
be a separate business, though, as a nile, it is a 
department of the tanwork. 

The currying trade produces a wide variety 
of work, and, looked at from that point of 
view, it seems a bewildering maze in which 
a learner may lose himself ; but in reality it 
can be resolved into a few simple divisions, 
each one following on the other in regular 
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Buooession. The main lines of the trade are 
clear and definite^ and can bo followed straight 
through from start to finish. 

Shaving* Scouring* and Sleeking. 

A great many roughly* tanned hides come to 

this country from South America, South Africa, 

and Russia, and these go directly into the 

hands of the currier. If he 

can deal with them, he has a 

good grip of his trade. In 

fact, the foreign hide is the | 

best school for the currier. 

Home hides are usually 

carried to the currier in suc)i 

(condition that ho has simply 

to put them throiigh, and be ; 

done with them. Not so 

with the South American I 

hide.H ; one must acquire a I 

good knowledge of tanning. ' -^ay^Slggi^ 

and understand the qualities ^3 ^trikino- 

of leather, before he is 

able to deal successfully with these rough- 
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to be met with in small, old-fashioned works, 
is shaped like a wall crane, the jib extending 
over a table, having within it, instead of the 
chain, a double-jointed piston-rod, at the end 
of which is a wrist joint, holding either stones 
or brush. This machine has been vastly im- 
proved, and made almost automatic.' The old 

r machine, it is obvious, re- 
quires a man in constant 

attendance ; but one worker 
can attend to four of thost^ 
^ new machines [16J without 

trouble. From the base of 
^^gp^****" ■! I O the crane comes out a frame 
l| holding the table for the 
^ ^ 11 hide, and swivel and turning 

- gear, all supported on a 

wheel in front. While the 

tremendous arm sweeps 
► stones or brushes along its 

UT MACJiJNK surface, the ijosition of the 

hide is always being shifted, 
thus giving its whole surface to the work with- 


tanned hides. It is better, therefore, to begin 
with them. After being softened in the usual 
way, by the application of w'ater, the hides need 
first to be shaved [9, page 3 1 641. Until one of those 
hides has been inspected it is difficult to realise 
what an irregular thing a bullock’s hide may 
be. It is all patches and knots like a piece of 
badly-woven cloth. The currier lays the hide 
over a tall block of wood, almost upright, but 
angled toward himself, and applies a sharp 
shaving knife to the surface. Leaning over, 
he pulls up the two-handled blade, cutting away 
all outstanding irregularities. The tool-maker 
has been bu.sy in the currier’s behalf, and for 
t^very hand operation already described, we 
have to give an account of a machine. The 
commonest model of a mechanical shaving tool 


out the intervention of a human linger. 

Special Treatment of South Ameri- 
can Hides. The roughly-tanned hides of 
South America sometimes need another 
tanning, just to make sure of them. Fine 
leathers, too, arc given a short bath in warm 
sumach at this stage. The currier performs this 
work by drumming, putting the hides in a 
large drum with strong tanning liquor, and 
giving them a run for from four to six hours. 
When taken out and cleared of superfluous 
liquor, the hides are sleeked. This may be done 
in a variety of ways. You may put them under 
a mechanical scourer armed with a roller in place 
of the stones, or give them a round of the 
striking machine used for sole-leather. Artistic 


is a double jaw, the lower jaw' holding a roller 
on w4iich the hide rests, and the upper jaw 
brings down the spiral shaving knife on it. 
Holding the hide over the roller, press the 
treadle-clamp with the foot, sending the hide 
against the spiral knife that runs round and 
shaves away as much as is required. 

Hand Scouring. In some eases, the 
scouring precedes the shaving ; but that is a 
practical detail which must be determined by 
circumstances. Hand scouring is very hard 
work. The scouring stone [150] is embedded in a 
wooden handle, and on the back of the handle 
is a belt into which the hand is slipped. On 
the heavy table the hide is laid, and the workman 
scrubs it with the stone, smoothing and press- 
ing, working the fibres together, clearing away 
wrinkles and all the loose fibres. Next he takes 



hard little brushes, strapped on his hand as 
the stone was, and diligently scrubs till the 
leather is one fine, smooth sheet. 

Stoning and Brushing Machines. 
Here, again, our friend the inventor comes in, 
and this time vdth a welcome. In nearly every 
currying works of any size, the stoning and 
brushing machines are installed. We have seen 
several ki^ds, but all |vork on the same prin- 
Diple. The earUesi scourer and one likely 
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workers prefer the hand sleeking, done on the 
stone tables, with blunt steal blades. The 
liand sleekers certainly make the best job, but 
except for high-class harness or uppeir boot 
leathers, the cost is greater than the added 
value represents. 

Need for Currying. If leather were 
used only for soles and heavy belts the stiffness 
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would not mattor ; but we imagine that 
the wearing of boots would quickly 
cease to be fashionable if a ll leather were 
stiff and hard. Our theory is this. 

Though, by scouring, sleeking, bending, 
and other operations, the tools for 
which are shown in 16, it is iK)ssihle to 
i educe the stiffness of leather by a eon- 
siderable degree, the hardness and lack 
of elasticity remain, and must be over- 
»*ome. The filues of the leather are 
opened, but to make them supple they 
need oiling. The bearings of your 
bicycle move freely enough for mi‘rely 
mechanical purposes, but you oil them, 
so that the metal will not rub, and give 
you an elastic smoothness in the work- 
ing of the machine, hi leather the 
same principle .acts. By coverhig all 
those little fibrils with oil, you make 
them move easily and without friction 
upon each other. Moreover, oil has the 
power of keeping out water, and by 
currying, the waterproof (lualily of 
leather is greatly improved. 

Stuffing Materials. Mechanical 
stuffing has not boi'ii veiy generally 
adopt4>d in this co\mti*y, though the 
practice, is coming more and more into 
vogue for leathers prodiu^ed in large 
quantities from one class of hides. 

Even if hand stuffing were to be greatly 
superseded, tlie l('arner would do well 
to acquire} the art, b(}cause it gives 
healthy training to tlu} muscles, and 
reveals, as nothing else can, th(} tnu} 
character and meaning of the process. 

The stuffing material is called dithhin ; 
the best dubbin is composed of tallow 
and cod-liver oil. Materials less costly 
are frequently used, and adulterations of cod- 
liver oil are too common. Ordinary tish oils, 
cotton- seed and other vegetable oils should Vki 
avoided, because they produce a defect techni- 
cally known as spueing, appearing at first as 
resinous pimples on the surface of the finished 
leather, and growing over the whole surface. 
Other oils and greases, such as vaseline, neats’ -foot , 
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Sperm, and paraffin, do not produce that defect, 
though in some cases all these call for special 
precautions. Tallow and cod-liver oil, brought 
to a fine pasty grease, make the best dubbin. 

Hand Stuffing. The skins, still wet 
from previous treatment, arc laid on the stuffing 


15. CUBHIKRS’ TOOLS 

TatiJier’s hook H. Ana Krainiii^ hoanlw (). .SooiirinK Ntorj(‘.s 
1). (tlasKiiiK tool K. Hioiu) F. (.tralniuK iKXii’d G. Glassing tool 
ti. Union spliltiii); knif< 1. Sharpener J. Ghuing fttcel K. GlaoHin^ 
tool L. Taniicr'M hook M. 'rrlminiuK knife Ni SUm*! O. Glazer. 
F. Triinniinx knife q. TriniininK knife l{. Steel 8. Steel. T. Shav- 
U. Fle.shinK knife V. Uahairiii}; knife W. Steel bnffer of 
Semper X. HplittinK knife. 

table, and taking a slake of dubbin, the workman 
spreads it a little with his liand, then works 
it into the surface of the leather Avith tlue ffeshy 
part of his forearm. Strength and dexterity 
arc needed for the work ; hut the great point in 
this, as in all crafts, is for the worker to lay 
himself out for it. The dilettante currier maker 
a px)i’ shape at stuffing ; but the Avilling worker 
soon acquires the art — and big muscled 
biceps. Bit by bit, the Avhole hide is 
covered, and then hung up to dry. 

Drum Stuffing. Mechanical stuffing 
X>resents many difficulties, the leading 
problem being to find a substitute for the 
intelligently directed forearm of the currier. 
A form of scouring machine has been 
adapted to the purpose, a spreading roller 
taking the place of the scouring stones, 
and the device answers fairly Avell, the 
currier supplying the grease, while the 
machine does the hard work. But this 
idea did not meet the unqualified approval 
of the flying genius of American industry. The 
American currier solved the problem by melting 
the grease, so that by mechanical beating and 
immersion the leather could be stuffed. The 
stuf^g drum differs in important respects 
from the tanning drum. The axle is a hollow 
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tube, through which the melted dubbin is fed, 
and the motion given is by a small pinion whoo! 
running on the toothed rim of the drum. In 
’ internal arrangement, too, the stuffing drum 
is better fitted for its work than a tanning drum 
would be if put to the job. Tlu* drum must 
l)e kept at an even temperature of about bO'" f^., 
and to effect this various devices ar<'- adopted — 
by a steam coil inside tlic drum, hot-air fans, 
and so on. The drum is 
set rotating, and tlie grease 
runs in through the axli^ 
tube. As the leatlu'r 
whci^ls round, it greedily 
takes in the grease. h\ 
about .‘10 minutes the 
stuffing is eomplet-(‘, and 
the hides are taken out. 

It must be admitted thst 
drum stuthiig is not so 
satisfactory as hand stuff- 
ing ; but even that defeet 
is soim^what mitigated by 
the inventive brain, for 
the hides arc sleeked warm, the sleeker knives 
helping to spread tlio grease into the parts not 
already permeated. 

Sleeking. Onee again the liides are laid 
on the boards, and this time to be finally sl(*eked. 
With his blunt steel blade the currier works all 
over the surfa (!0 of the leather [18], smoothing 
down the fibres and sque(?zing out the stuffing 
the hide could not absorb. It is astonishing the 
amount of fat the sleeker takes from a hide that 
seemed to the outward appearance as dry as hone. 
This grease i.s said by 
authorities to he the 
hard fats which failed 
to combine with the oil. 

It is collected, and put 
back again for further 
use as diibhift, witli a 
little addition of oil. 

♦The practice of setting- 
out by machine [20] is 
on the increase. 

Whitening. The 
hide is smooth, but not 
yet smooth enough to 
satisfy the leather user. 

Different kinds of 
leather are given 
different treatment; 
but we, faithful to our 
principle of keeping to 
the simplest first, will 
follow the common 
grades of leather. These 
are subjected to a pro- 
cess called whitening^ and whitening it is. On a 
table of marble or smooth slate, the hide is laid 
flat, and the whitencr goes over it with his knife. 
This is a curious and formidable weapon. A 
steel blade, 5 in long by 6 in. broad is fixed in a 
rovmded handle .to fit t|(e palms; the edge being 
aad finely tempccM. Holding it steculily 
^fi^.bbth hands, the whitener makes the bkute 
ajjreep edrvingly over the hide, taking off a clean 
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shaving at every stroke. Smootli as the hide 
was liofore, it is smoother now, and not a knife- 
mark is visible. 

Splitting. The splitting of the hide or skin 
may be OKine at any stage of the tanning proce.ss. 
Some tanners split the hides raw, others split 
sheepskins and ealfskins after liming : but the 
practice most common in this country is to do 

the splitting just before finishing. By this 

means, it is contended, 
you get all your tannage 
and currying done at 

once, and thus save time. 
There are other considera- 
tions, but we do hot 

]>ropoHe to discuss a eon- 
tj’oversy which is certain 
to be settled by eacli man 
for himself. Few more 
ingenious maeliincs have 
been contrived than this 
leather • splitting knife 
[15X |. We have repeatwlly 
called attention to the fact 
that all hides vary greatly in thickness ; even the 
smallest sectiofi of a liide tapers in one direction 
oi* another. It is easy to split a material of 
uniform thickness, heeause the knife, if properly 
guided, will travel on one plane ; but in this 
ease it would secern that the knife must vary its 
plane with the varying tliickness of the hide. 

Splitting Machine, iiet us see how tlu* 
})roblem has he(Ui solved. The splitting machine 
ctmsisls of three rollers [])age .‘llfloj, running one 
above tln^ other, in front of an endless band- 
knife. the eutt ing section 
of wliicli almost runs 
bet\veen the two upper 
rollers. The two highci 
rollers are brass, and the 
roller below is covered 
with indianibber. But 
the middle roller is 
divided into small sec- 
tions, seeming rather a 
series of bands than a 
roller. Set the knife 
agoing, and feed in the 
leather. As the hide 
goes in between the 
sectioned roller and its 
solid complement, it 
presses down upon the 
n i b ber rol ler . A thicker 
part of the liide comes 
in the centre, but the 
uppermost roller yields 
not a fraction. The 

sectioned roller yields, 
letting it sink to the 
depth required, holds it level, so keeping the 
hide on an equal plane and carr 3 dng it forward 
to the knifes. With this tool the leather manu- 
facturer can split hides into sheets thinner than 
tissue paper. 

Boarding, Blacking, and Glassing. 

Even after all our trouble, the stubborn bullook 
hide shows an inclination to stiffness, and 
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threatens to show the marks of bending if you 
attempt it. This stiffness must be removed and 
the leather man has adopted the very sensible 
device of working the hide into the habit of bend- 
ing and turning. This process ho 
calls boarding [19J. Holding in 
one hand a convex piece of cork- 
covered wood, the workman bonds 
and turns the leather on the table, 
smoothing the surface the 'while 
with his tool, giving to the hide 
that peculiar grain which dis- 
tinguishes all natural-coloured 
flexible leathers. In reality, those 
crinkles are like so many hinges for 
the fibroi of tlu^ hide. In fine 
leathers this grain must be kept 
almost invisible, and the boarding 
needs to bo dexterously done. 

This, how^cver, is a quality w'hich 
can be acquired only by practice. 

For tan boots, harness saddles, 
and many other kinds of goods, 
the leather is finished in its natural 
colour ; but most boots worn liavt^ 
black tops, and black leather is 
used for a vast variety of other 
purposes. The blacking is a very simple process. 
Having mixed well a compound of cod-liver oil 
and vegetable black, the workman takes his 
brush and spreads the colour on the leather ; it 
dries in, a deep diill 
black. 

How'over good that 
dull leather may be, it 
would hardly sell in the 
market. You have to 
put a kind of polish on 
it. Owing to the oil 
in the compound the 
polishing is easy, and 
yet quite permanent. 

Some large firms employ 
glass rollers, but hand 
glassing is common. 

With a thick piece of 
plate glass, rounded at 
the sides, the leatl?.er is 
rubbed till it takes on a 
smooth, soft polish. 

As promised at the 
beginning of this scidion , 
we have followed the' 
commonest of dressing 
for upper leather to 
its finished sftate, and 
allowed the other 
qualities to pass. We 
must now return, and 
learn what is done with 
them. 

Graining. The 

machinist has taken full possession of the 
finishing-room of the leather factory. The old 
tanyara may be still going on in the same 


watery, liquory way, and the curriers scour and 
stuff by strength of arm; but the finishei 
demands power-driven machines to aid him in 
coping with the demands of the market. 

Strange fancies are conjured up 
in the minds of the masses by 
adventurous slipper-makers and 
purse manufactiircrs ; young 
men desire alligator-hide slippers, 
and young ladies seek fo possess 
crocodile-skin jmrses, without 
the money to buy tliem. But 
the imitation article will please an 
imitative fancy, and so the leather 
manufacturer bids his finishers 
change the liide of the mild cow 
into the seinhlance of a crocodile's 
skin. Tin? thing is very simple if 
only you have learnt the secret, 
(haining machines are of many 
patterns, and to describe the 
nu'thods of working them all would 
be tedious, and serve Utile purpose. 
A common form of graining press 
is not unlike a die-stamping 
machine, with a base that moves 
automatically. Another form [17] 
is an adaptation of tlie currier’s mechanical 
scourers, witli roller dies instead of stones or 
brushes. Under the roller the leather is laid, and 
the long arm got's to and fro, at every stroke 
leaving the deep mark 
of the pebble or pigskin 
or crocodile grain on 
the surface. Whatever 
the form of thomochim*, 
the workman has to 
watch that the grain 
is regular and clean. 
Irregular graining may 
es(‘ape the eye of the 
average man in the 
street ; but the shoe- 
maker will quickly 
detect careless work. 

Printed Grains. 
The mechanically print- 
ed grains are usually 
good copies of natural 
grains, and are ve**y 
deceptive when made 
into articles. Some are 
printed on the flesh 
splits, but those on the 
grain or grain splits are 
fo he preferred. The 
markings are very in- 
terestinj^, and some re- 
productions from photo- 
graphs taken from 
actual leathers are 
shown on the plate 
fticing page 3217. The printed grains are 
made with dies taken from the leathers by 
electro-process. 
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^UR education, we have agreed, ia of little or 
^ no use to ua unless we apply it to the daily 
working of our lives ; and though it is not the 
busineas of education to make us unduly anxious 
to become rich, education should teach us to be 
careful in all things. "It may seem that unneces- 
sary emphasis is laid on the maxima which 
enjoin the saving of money as one of the 
guiding principles of life; but thrift has its 
lawful place in all our lives, and is, indeed, in 
every successful and properly conducted life a 
factor of great importance. 

“ What is the importance of thrift ? ” is often 
asked. “ Why should I hoard money which 
I may never need, and deny myself things I 
really want now. If one goes on preparing for 
the rainy day, one may die before it comes. 
Money w'as made to be spent, not to be saved.” 

True. Money was made to be spent — but 
to be spent wisely. It is here that most people 
fail. The difference between “ I need and 
‘*1 >vant ” is one of the least understood 
things in the Knglish laMgnag(*. 

When to 8ave and Why to Save. 
Save all your life, from the time you begin to 
earn, from the time you begin to receive presents. 

If you have not already begun, start to-day. 
Whatever your income, put aside as large a 
proportion «s possible for the time you may 
need it. The young man says, “ I have no t ies, 
no responsibilities ; why .should I save ? ” . 
The reply is that some day ho will marry — 
ho will have a host of expenses to meet which will 
interfere with his saving. On the other hand, 
if he never marries he must provide for a lonely 
old age, when he will need all his money to com- 
pensate him for the lack of a home and family. 

Besides, the man wdth a little (uxpital is always^ 
worth more than the spendthrift with none. 

Is there a small business going cheap ? You 
may become your own master. Is there a plot 
of desirable land to .be sold for a song ? You 
may double your capit al by judicious investment. 

A man with a little money w'ho is out of 
work C4Ln look about him, pick and choose, take 
a partnership, while the spendthrift must take 
the first ^ing that offers. Beyond all this is the 
solid sense of satisfaction through life that there 
is something at your back, something for an 
emergency ; and this feeling alone is worth all 
the little sacrifices it may be necessary to make. 

The beginning of thrift is the keeping of a 
strict account of all household and personal 
expenses. Fpr a time, at all events, this account 
should be balanced daily, and a thoughtful 
review held oi the chiy’s expenditure. The fact 
which presents itself first of all in the personal 
is the enormous amount of money 
trifles which have no practical value 


and give no adequate satisfaction for the money 
spent on them. 

It is possible to reduce these items almost 
without noticing it. Give up the luxuries littj.e 
by little, and see that the amount saved Is put 
aside, or it will assuredly be spent on something 
else. 

Household Finance. In household 
finance it is equally possible to save. A fixed 
sum should be laid down as the average of the 
week’s expenditure, and everything saved on 
this should be put aside into the common fund. 
Each week should be treated separately and 
apart. Nothing should bo carried forward to the 
next. Above all, long credit should be avoided. 

Since the household of every reader varies with 
each individual case, it is not possible to lay 
down any fixed rule of expenditure even for 
men earning the same income. As a fundamental 
maxim, however, the rent of the house, the rates 
and taxes, should never exceed one-fifth of 
t he income, and should, if possible, be kept under 
that figure. After that let there be an estimate 
made out of the probable year’s expenditure, 
so much being allotted to housekeeping, includ- 
ing light and fuel, so much to servants, dress, 
personal expenses, doctor, life and fire insurance, 
and holidays. In addition, a sum of from 5 to 
10 per cent, of the income should be put down 
for unforeseen expenditure, which always crops 
up in the form of broken furniture, accidents, 
extra expen.ses, and so forth. For two or three 
years no necessity may arise for spending this 
sum. 8o iniich the better. Save it. But one 
year you will be glad that you anticipated 
“ Unforeseen Expenditure.” On each of these 
items try to save a little — never mind hov^ 
little it is. A shilling a week mounts up to 
£2 12s. in a year, and a shilling a week on 
several items makes quite a good show at the end 
of the twelve months. 

Savings Banks. The money-box is a fine 
institution too much neglected by grown-ups. 
Any sum, no matter how small, can bo put into a 
money-box, and when the box grows heavy its 
store can be placed in the Post Ofiice bank. Any 
amount in shillings can be deposited, and every 
pound begins to earn money for itself at the rate of 
2 1 per cent., or sixpence a year on every pound. 

The Post Office Savings Bank is the finest 
bank in the world for the man of small means. 
Money can be paid in through any branch 
post-office, and a receipt is given for it both by 
the clerk’s signature in the bank-book and by an 
official notice from headquarters. The bank 
book must be sent up once a year on or near the 
anniversary of the opening of the acoount, and 
interest at the rate of 2J per cent, is added to 
the amount on depout. Money can be withdrawn 
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by filling in an olffioial form of withdrawal and 
sending it in to headquarters. After three to six 
days there comes a payment voucher, which 
must be signed at the post-office for which it is 
available, the amount being entered at tlie same 
time in the depositor’s bank-book. If the case be 
mgent, any amount up to £20 can be withdrawn 
by writing across the withdrawal form “ Pay- 
ment by return of post.” The cost of a telegram 
and its repetition must be paid in advance, and 
the warrant is sent off by return of post. In 
the same way any amount up to £10 can Im‘ 
withdrawn on the day of application by writing 
across the notice “ payment by telegram,” in 
which case the cost of telegrams and repetition 
each way has to be paid. 

Recently a new system has been introduced 
to meet emergency cases. On presentation of 
the deposit book, any sum not exca^eding £l 
may ba paid at once to the depositor who 
presents himself in person. 

No more than £50 may be. dci)osiled in any one 
year, and the total amount on deposit with 
interest may in no case exceed £20(^. When, 
however, the account is nearing this tigure, 
the depositor may instruct the savings bank 
to purchase Government stock, the interest on 
which, at the rate of 2^ per cent., will be paid 
into his account. 

Any sum in round shillings is receivable ; but 
for children and those who can only save a penny 
at a time, there are forms obtainable; at any 
post-office, with divisions marked upon them 
for twelve penny stamps. These, when full, may 
bo paid in as shillings. 

Whilst small economics are going on let us look 
at another side of the question. 

Life Assurance. Life assurance may 
be regarded at once as an investment and as a 
means of compulsory saving, for on tin; one 
liand a life policy is a linaiicial asset on which, 
sliould necessity arise, money may be borrowed ; 
and on the other hand, the premiums have to be 
paid, which enforces the necessity of laying aside 
a certain lixed amount every year. To a single 
man assurance is highly desirable ; to a married 
man it is an absolute necessity, and there is no 
better way of providing for wife and eliildren 
than by taking out a policy for their benelit. 
If the policy is “ expressed ” to bo for the benelit 
of wife or children, it is not subject to a man's 
debts, and even in case of his dying bankruj>t 
the creditors could not touch it. In addition 
it may be noted that the part of tlie income 
(up to one-sixth of the total income) devoted to 
pa^mg the premiums is exempt from income-tax. 

There are*' two main divisions of insurance — 
profit-sharing and non-profit -sharing. If you 
choose to insure your life without participating 
in the profits of the office you will pay a smaller 
premium, but you receive only the sum for which 
you insure. If you elect to receive a bonus out 
of the profits, the premium will be slightly higher. 
The bonus may be used to increase the sum 
assured, or to reduce the premiums, or it may be 
taken in actual cash ; but this last, from the 
point of view of thrift, is bad. In recent years 
a plan has been adopted-balled the Discounted 


Bonus system — ^whereby future bonuses are 
anticipated and used to reduce the premium 
at the beginning of the policy. If the bonuses 
exceed anticipations, the sum is placed to the 
liolicy-holder’s credit : if they fall short he must 
make good the difference. 

Mutual and Proprietary Companies. 
Next you should consider whotlier the office 
with which you arc proposing to insure shall be a 
proprietary or a mutual office. The former 
consists of a body of shareholders who subscribe 
money for the purposes of insurance, and agree 
for a consideration — i.c., an increased premium — 
to share profits with the policy-holders. The 
mutual offii;e is one in which there are no slmro- 
holdcrs, but only policy-holders. (.Vmsequcntly 
th«‘ funds of the society consist only of the pre- 

ims j)aid by policy-holders. Ifero is the 

son for tht‘ term “ mutual,” because the ])olicy- 
hoUlers really insure one another’s lives and divide 
the profits of so tloing among themselves. 

With a miilxial company, therefore, you get 
hclUT terms; with a proprietary eompany, 
less risk. It may be acUled, to reassure the 
timid investor, that not one of the big British 
offices shows any fign of collapsing within the 
next two generations, and since all accounts 
arc submitted to tlie Ikjard of Trade, a check 
is })laced on the busiucvss dealings of the office. 
This, unfortunately, does not apply to offices 
other than those of the British Isles, which, for 
the present, will be avoided by the prudent 
investor. 

You will next want to find out the state of the 
company’s finances. Are they sound ? Is your 
c.omjKiny being worked on eeonomica! lines ? 
Is its new business increasing or diminishing ? 
While statioii'ijy new business is not necessarily 
a bad sign, a slight steady increase is preferaVde. 
Declining business is not satisfactory. All this 
information and much more is to be found in the 
“ Accoiints and Stattanciits Deposited with the 
Hoard of Trade in pursuance of t lie lafe Assurance 
Companies Act. J870,” published by the King's 
printers. 

Important Considerations. One or 

two points should be jiarticularly noticed; 

1. Has the society been in existence for more 
than 25 years V This is of importance, lieiiause 
until 25 years the full death-rate is not ex- 
perienced. 

2. The rate of interest assumed in valuation, 
and the rate of interest actually earned. If the 
former is liigh, or if the latter does not consider- 
ably exceed it, the office should be avoided. 
Three per (sent, is a vt‘i*y usual figure, though 2} 
per cent, is more desirable as a “ valuation rato.” 

3. The expenses of management . These should 
not be more than 18 per cent, of the premium 
income. Many American offices are notoriously 
extravagant. 

4. What are the investments, and what un- 
divided surplus was put to reserve ? 

To give some idea of the cost of insurance to 
the policy-holder the following table may be 
useful. It shows the averaye annual premium^ 
for whole life insurance of £100. It is obtained 
by adding together the premiums required by 
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various companies and dividing by the number 
of companies included : 


Age at 

With 

W ithout 

Discounted 

Entry. 

Profits. 

Profits. 

Bonus. 


£ B. d. 

£ 8. d. 

£ s. d. 

21 ^ 

1 19 0 

1 13 8 

1 12 2 

:io 

2 8 9 ; 

2 17 

1 19 i 

40 

3 4 (\ 

2 15 Jl 

2 12 3 

50 

4 11 0 

1 4 0 7 

3 15 0 


The premium rate alone is not a snfh(?ient 
guide to the benefits of a company. A liigh pre- 
mium may mean a high bonus ; so that both 
should bo considered. 

The rates vary, of course, witli eac^h individual 
company. One or two companies oflor to total 
abstainers i\ discount of Iwtwc^en 5 and 10 per 
cent. 

Some companies make a H]>eeiality of Industrial 
Assurance, by which is meant dealing with work- 
ing men wlio prefer to pay their premiums by 
the week rather than by the quarter or the half- 
year. In addition to what has been said before 
a word may be added as to this j)articular 
branch of insurance. Since one of the great 
sources of revenue in industrial insurance is 
from lapsed policies given up by those who could 
not continue the premiums, it is desirable to 
insure only for such a sum as can readily be 
afforded even wlicn times are bad. It is tempting 
to insure for a large sum w'hen trade is booming ; 
but if trade becomes slack, or the policy-holder 
falls out of work, the weekly premium becomes 
a millstone round a poor man’s nock. There- 
fore, insure only for so much as you can pay 
easily when trade is moderate, and devot(>! your 
savings in the good years to some other f(jrm of 
investment. Another }K)int is to choose a 
company which will, if you are unable to keep 
up the payments, grant you a fully-paid-up 
policy in proportion to the amount of premium 
paid. It should be noted that, the expenses of 
{ Collecting being very great, tlie premiums in 
this class of insurance are necessarily heavy. 

Borrowed Premiums. It is generally 
possible to arrange with a third party to 
pay the premiums until you are able to con- 
tinue them yourself, the policy being held as 
security, say 6 per cent, interest on the amount 
he pays. In the event of your death he will 
recoup himself from the amount due from the 
company, and the balance will be handed over 
to your wife and children. There should be 
some written agreement recording the trans- 
action, or the office may refuse to pay him. 
Another way in which money may be borrowed 
is by a loan from the office itself. 

So much for the straight-away life assurance ; 
but there is another fonn of assurance which of 
recent years has become increasingly popular. 
This is Endowment Assurance, by which you 
insure for a certain sum to be paia at death or 
at a stipulated age. Like most other forms of 
life assurance, it had its pros and cons. On the 
one hand, it means that at the time (»f life when 
most men are thinking of retiring, there is a 


nice little sum of money waiting for usb in old 
age ; on the other hand, it does not protect the 
wife and family from the husband^s extrava- 
gance. It comes, too, at a time when, perhaps, 
the man is losing touch with active business 
affairs, and is not so well able to invest it satis- 
factorily. The premiums in this class of in- 
surance are naturally higher, because the whole 
amount must bo paid off in a certain specified 
time, instead of there being the possibility of 
the man living to old age and paying up to 
the day of his death. 

In much the same class are deferred annuities, 
for which a certain sum is paid each year in order 
to receive a fixed income beginning at, say, 5/S, 
and continuing to the date of death. These 
can bo arranged through the Post Office or 
through a Life office doing that class of business. 
An immediate annuity can be purchased by a 
man who desires a high rate of interest on his 
money ; but this i» the worst form of invest- 
ment. because the capital dies with him. 

Friendly Societies. A notable side of 
working men’s thrift is to be found in the in- 
numerable friendly societies scattered through- 
out the country. An idea of the growth of 
these societies may be gained when it is stated 
that the membership of the registered friendly 
societies is nearly six million, with funds 
approaching £40,000.000. About £5,000,000 is 
spent annually by these 80 cii‘tieH in benefits of 
various kinds. Friendly societies are closely 
allied to mutual assurance companies in that 
the members practieally insure one another, 
and, like insurance companies, they have to he 
I'egistered under a special act. 

For a certain payment per week, the societies 
guarantee sick pay during a varying period ; 
they pay doctors’ bills, funeral expenses, and 
a sum at death. Some of the societies have a 
subsidiary benefit fund ^foi* relief in specially 
deserving cases of distres.s, by which members 
are assisted to seek employment, or in case.s of 
sickne.ss prolonged beyond the limit specified 
in the rules. Old age pensions (or, in othei* 
words, deferred annuities) may also be arranged 
for through certain societies. 

The three most important friendly societies 
are the Foresters, the Odd Fellows, and the 
Hearts of Oak ; but there is a vast number of 
smaller, and in many cases excellently managed, 
societies. Between the great societies there is 
little to choose. In joining a smaller society, 
some little care should be exercised. For 
instance, in some of the younger societies there 
was in the past a tendency to treat the members 
too liberally, with the result that the official 
actuary has heen obliged to step in and call for 
a revision of their constitution, either by 
increasing premiums or reducing benefits. 

Advantages of the Larger Societies. 
Generally, one is forced to the conclusion that 
the large society has the advantage over the 
small society, and that the old-established large 
society, with its greater experience, and the 
huge membership which gives it a better 
average to work upon, is most satisfactory foi 
the working man. It is theoretically preferable 




that the society's funds should be adminis-'' 
tered as a whole, rather than that each branch 
should be treated as a separate concern, but 
practically a large old-established branch may 
be quite satisfactory. 

A step lower than the friendly societies are 
the slate clubs and allied clubs, which, for a 
certain payment weekly, disburse sick pay to 
their members and give a sum at death for 
funeral expenses. Since, however, the residue 
is shared out at the end of each year, these 
concerns lack the stability which is to be 
desired, and they are often badly managed by 
unbusinesslike people. Unregistered societies 
are generally to avoided, because of the 
obscurity of their legal standing. 

Organised Investments. Having 
arranged for the life policy, you will look round 
for some other avenue for savings. A very 
general method of employing small savings is 
by joining a building society. Now, building 
societies, owing to the amount of fraud which 
has been associated with their name, have 
fallen into disrepute of late years ; but if the 
society is run on sound lines by honest men, 
it is often a most profitable investment. The 
first mark of an honest building society is that 
it publishes a balance-sheet, with a profit and 
loss account. If so, it is safe to make further 
inquiries, which should be directed tOAvards 
ascertaining the class of property in which its 
money is invested. No rules can be laid down; 
but it will at once be understood that property 
which is liable to depreciation is a bad holding 
for a society. For example, of recent years 
there has been a rapid decline in the value of 
licensed premises. Any building society which 
held mortgages on proi>erty of this nature would 
have to write off considerable sums to meet 
the declining values. 

For the man who wishes to purchase his own 
house, the building society is most useful. It 
will lend him money on a mortgage of his house, 
and this ho can repay by small instalments, so 
that in the course of a few years hc5 may become 
the owner of his house on the most moderate 
terms possible. 

House and Land Property. lnve.st- 
ment in land or house property is greatly 
favoured by small investors ; but it is a form 
which may have a good many disadvantages. 
Th^re are so many factors to be taken into 
consideration. Chief among these is the 
question, “Will the neighbourhood in which 
the property is situated grow, stand still, or 
decrease in^population ? ” and as to this, only 
well-informed local opinion can answer. Some- 
times even local opinion is at fault through some 
influence outside the range of conjecture. 

Let us imagine a town which has sprung up 
around a large Government factory employing 
thousands of workmen. One day the Govern- 
ment may decide to shut down the factory or 
remove the industry to another part of the 
country. Such things spell ruin. Another point 
to be watched is the amount of building gomg on, 
and the number of empty houses in the district. 
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Again, are there more houses than families, or 
has the character of the district changed, so 
that the empty houses represent a class of 
population that has moved away ? So many 
points go to depreciate house property : a 
factory has begun woi-k, a sports track has 
l^n opened, the clectrie trunis have come. 

“ Up go the boards, and down go the values.” 

As to the class of property to be bought, it may 
l)e observed that large property has the dis- 
advantages above-mentioned, but it is generally 
inhabited by good families, who intend to stay 
in the neighbourhood. Small property pays 
botU‘.r, but there is more trouble in collecting 
the rents ; and small property, especially when 
it is old, means a largo allowanco for dilapida- 
tions. Tn the country, or in small country towns, 
conditions are a little more stable ; but here 
again the town must bo growing if the invest- 
ment is to appreciate in value. A ground rent is 
an investment that should bring in 4 per cent., 
but it should be chosen only when the ground 
rent is not too great in proportion t-o the rent 
of the house. One-sixth is a fair average. 

M ortgages. Mort gages arc ad m irable in vest- 
ments, and as there is some lia/iness in the lay 
mind as to what a mortgage really is, it may be 
well to explain in detail. A man desires to raise 
(say) £100 on a certain piece of property which 
your solicitor, after examining the title, approves 
as security. You agree to lend the money. The 
mortgagor agrees to repay the money in six 
months’ time, with interest, generally at the rate 
of 4 per cent. He makes over to you tie property, 
whatever it is, and so long as the hundred pounds 
is on loan he must pay your interest in regular 
instalments, quarterly or half-yearly. The “ six 
months “ mentioned in the cieed is only ]nit in 
as a matter of form, because altho»;gh you may 
not wish to invest your money for six months 
only, the mortgagor, on the otlier hand, does 
not want to part with his land for ever. So the 
mortgage runs on until one party or the othc*r 
gives six months’ notice of terminating tlu? 
agreement ; if. on the ap})ointod day, the money 
is returned, the propeity goes back to the’^ 
original owner. 

A solicitor muMt be consulted ixa to the drawing 
\ip of the deed and for the examination of the 
title. Should you wish to call in the money, six 
months’ notice that you wish to be repaid must 
be given, and if the money is not then forth- 
coming you may sell or foreclose- -f.c., dispose 
of the property. 

Selecting a House. Phe following are 
the main points particularly to be considered in 
eifecting a mortgage. Select the property care- 
fully. In the case of a house, see that it is well 
built, well situated, and not likely to suffer from 
a change of occupier. Do not jwlvance more 
than two-thii-ds of the value, and always prefer 
freehold to leasehold. Tlie rate of mortgage in- 
terest varies according to the value and quality 
of the property. On good landed estates it is 
from 3i to 3| per cent. ; on first-class freehold 
property, 4 per cent. ; on less eligible property, 

4 j to 5 per cent. ; on cottage property, 6 per cent, 
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up, and new matter of a similar kind is formed to 
take its place. The retina might, therefore, 
be compared to a sensitive plate having the 
sensitive matter quickly removed and replaced 
by chemical changes ; and it is probable that 
the electrical expression of these changes is 
what has been above described.” 

The Weber- Fechner Law is a psycho- 
physical law named after two distinguished 
German students, which asserts that in suc- 
ceeding stimulations of any sensory organ the 
sensational effect does not increase propor- 
tionally to the stimulus, but as the logarithm 
of the stimulus. Thus, supposing the stimulus 
to be ton, a hundred, or a thousand times in- 
creased, the sensational effect will not be ten, 
a hundred or a thousand tim(*s, but only one, 
two, and three times greater. Now it has long 
been thought that this law is not a physical law 
but a psychological one — that it is due to the mind 
and not to its organs, so to speak. But Pro- 
fessor M’Kendrick showed that ” the amount of 
electrical variation [in the retina] produced by light 
of various intensity corresponded pretty closely 
to the results expressed by Fechner’ s law.” 

How Images Remain in the Eye. 
We have already briefly referred to the 
fashion in which impressions made by light 
persist after the stimulus has been removed. 
The period of persistence varies. “ Thus, the 
duration of an electrical spark is extremely short , 
but the impression on the ret ina is so powerful, 
and remains so long, as to make the sparks 
visible.” With these facts we may associate 
the existence of what arc called “ after-images,” 
which may bo ” positive ” or ” negative.” If, 
after looking at a bright light for a few seconds 
we close the eyes or immediately enter a dark 
room, we may appear to see the light for a short 
time. This is a positive after-image, apparently 
dependent upon the persist nee of retinal im- 
pressions. On the other hand, if we look at the 
sun and then at the sky, we seem to see a black 
sun. This is called a negative aft€r4tnage — 
the word positive being applied to those which 
remain bright, and negative to those which are 
dark in proportion as the real image is bright. 
Apparently, negative after-images must be 
explained not merely in vague terms of fatigue, 
but by the precise suggestion that the visual 
substances are used up in the highly-stimulated 
parts of the retina and cannot immediately bo 
replaced, so that, for a few seconds, these parts 
of the retina are blind. The light falls upon 
them, but the substances which it customarily 
decompos(!i5i are not there to be acted upon. 

V^at we have said must be regarded as merely 
an introduction to the study of the physics of 
the retina. Nothing has been said of colour, 
because that is a subject which we have not yet 
^scussed in detail. 

« Thus far and no further shall thou 
see." Before we pass on to another part of our 
subject, there is one very important and interest- 
ing matter which should here be discussed. It is 
that there are naturally imposed and imp^ss^kle 
limits to the possibilities of our vision. It may be 
that, by means of the miomcope and the so-called 


ultra- microscope, hxrge molecules or their shadows 
may be seen, but it may be taken as absolutely 
certain that no one will ever be able to see an atonic 
much less an electron. Tn other words, the re- 
vealing power of the microscope is limited by the 
nature of light. Hen'in is one of the cases where 
science deliberately asserts that, in a most fruitful 
direction of research, the very means which are 
employed by her impose the restriction ” thus 
far and no further,” for whatever developments 
are forthcoming in the use of the miorosoope 
the wave length of light must be reckoned with. 
The subject has been exhaustively studied by 
Lord Rayleigh and many other students, and 
certain very positive conclusions have been 
reached. It is theoretically possible for two 
points to bo distinguished under the microscope 
if the distance between them be at least equal 
to the wave length of the light that is used. 

The Power of the Microscope. This 
relation holds with light passing perpendicularly 
upwards through the object examined, if it 
be transparent ; or reflected perpendicularly 
from its surface to the lenses of the microscope 
and of the eye, if it be translucent or opaque. 
With oblique illumination, the inner limit of 
vision is reduced to half the wave length of the 
light employed. Now, a sensitive plate may bo 
affected by rays of w«ave length too short to 
affect our eyes, and h^>nce it follows in theory that 
the photographic method may reveal minuteness 
of structure which we can never directly sec. 

From these considerations, which are not open 
to dispute, it follow^s that the theoretical limit of 
vision — that is to say, of distinguishing distinct 
objects — is determined by half the shortest wava 
length of utilisable light. It may be at present 
impossible to say at what point light ceases to be 
utilisable. It is, at any rate, quite certain that 
we have to pass some distance upwards from the 
wave length which has the most marked effect 
upon the retina. The further we pass upwards 
the greater will be the diftieulties with which we 
have to contend. We may even pass in theory 
— the practical limit hitherto obtained will be 
discussed in a moment — to the remarkable rays 
which w^erc discovered by Professor Rontgen 
ten years ago, and which we are afterwards to 
consider at length. In all probability the Rontgen 
rays are absolutely comparable with the rays of 
visible light, and have tne shortest wave length 
that we know ; in other words, they constitute 
the very highest notes of the ethereal keyboard. 

The Rontgen Raya Might Reveal One 
Eight-millionth of an Inch. The Rontgen 
rayn, it is stated, are capable of very faintly stimu- 
lating the retina. If only it were possible for us to 
see directly by them, they w^ould afford us the most 
intimate microscopic revelation possible — that 
is, by a microscopic examination of an object ob- 
liquely illuminated by them. It has been estimated 
that their wave length is probably less than one 
four-millionth of an inch, eo that by their use 
two points under the microscope could be sepa- 
rately identified if there were one eight-millionth 
part of an inch between them. This indicates 
very approximately the utmost limit theoreti- 
calfy possible. We are not for a moment 
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asserting that it will certainly ever be more than 
theory. When we come to study the RSntgen 
rays we shall see the difficulties involved. The 
chief reason for estimating the theoretical limit 
is not by any means that we may suggest its 
ultimate piacticability, but that we may show 
how remote even this limit is from satisfying 
the needs of science. But before considering this 
let us observe what has been accomplished. 

The Moat Powerful Microscope. The 
extent to which the mysteries of Nature have been 
penetrated by the actual eye of man has boon 
very greatly extended in quite recent years. It 
would probably be too much to expect, however, 
that this rate of extension can bo continued. 
In the case of the microscopic method, as in 
so many others, advance is very often made 
in the fashion of the man who paid a debt of a 
shilling, beginning with sixpence, threepence, and 
so on. The further one goes the slower is the 
advance, and the smaller the proportion of ca<‘h 
step to the total distance to be traversed. The 
great steps of science arc made much less by im- 
provements in old methods than by the invention 
of new ones. Nevertheless, the limits of vision 
have lately been greatly extended. When the 
low power and the high 'jMwer of a microscope 
are talked about, the first may mean, perhaps, 
a magnification of fifty diameters, and the sec'ond 
of seven or eight hundred. Then, when one 
hears of the highest powers^ one finds that 1,2(X), 
or at the very most 1,500 diameters are referred 
to. But it should bo more generally known 
that really high' power microscopy has advanced 
far beyond these limits. A year or two ago. 

a conversazione of the Royal Society, 
visitors obtained clear views of certain minute 
objects under a microscopic arrangement made 
by Mr. J. W. Gordon, and magnifying no less 
than 10,000 times. This, it may be observed, 
was with light of average wave length, not 
with light near the limits of visibility, so that 
this figure of 10,0(X1 diameters is, at any rate, 
definitely within the prtietical limit of vision 
that is still impoijed upon us. 

The Eye which Translates the 
** Invisible” into the Visible. Again, at 
the conversazione of the Royal Society held on 
9th May, 190(1, the celebrated scientific instru- 
xaent makers, Messrs R. and J. Beck, showed a 
remarkable exhibit which illustrated some of 
the propositions that we have laid down. Its 
object was to illustrate the ultimate resolving 
power of the microscope mth light of different wave 
lengths. The object examined was an extremely 
minute diatom, and the source of illumination 
was a Nernst lamp, which yielded a brilliant beam 
of light. This beam — which of course, was 
compound — was split up by a w’ell-known device 
into an almost equally brilliant spectrum in such 
a fashion that any part of the spectrum could be 
used at will, to the exclusion of the others, for 
the illumination of the diatom. The apparatus 
dmdiistrated that when yellow’ light was used 
tke diatdm was pot visible at all, however oare- 
the instniment focussed. On 
other hand, • the details of its structure were 
peilBot]^ resolved when the green part of the 



spectrum was employed. The reader will not 
need to be informea whether yellow light or green 
light has the shorter wave length. On the 
same evening there wore shown several photo- 
graphs of diatoms, taken through the microscope 
with the employment of ultra-violet light, the 
wave length of which is, of course, shorter even 
than that of green light. The reader will probably 
agree that a special interest attaches to the 
employment in place of our eyes, which are 
blind to ultra-violet light, of a substitute eye — 
the photographic plate — which can sec this light 
and render the results of its vision to us in terms 
of light which our eyes caw see — which translates 
for us, let us say, the invisible into the visible. 

Use of Oil in Magnification. One 
other refinement in the use of the microscope 
— it is older than those wo have just men- 
tioned, but is extremely important. If we did 
not mention it the reader might be puzzled when 
he met such a phrase as oil immersion lens. 
When even approximately high powers of the 
microscope are employed, a drop of clear oil 
is placed upon the slip of glass which covers the 
object. The object glass of the instrument 
is then lowered so as to be actually immersed 
in the drop of oil. Originally, the method em- 
ployed consisted in the introduction of a droj) 
of water. This diminished the loss of light 
which occurred as the rays passed from the 
covei’slip to the object glass, and had various 
other adv’antages as well. But now wo use a 
diop of oil, ill accordance w’ith the work of the 
most remarkable man w’ho has over concerned 
himself w ith the mierosro|x?, Professor Abbe, of 
Jena, the scientitie adviser to the famous firm 
of Zeiss. The oil employed is the oil of cedar- 
wood, which has t ho same refractive and disper- 
sive pow’crs as crown glass, with the consequence 
(hat “ the rays issuing at any angle from the upper- 
plane surface of the covering glass shall enter 
the plane front of the objective without any 
deflection from their straight course, and without 
any sensiblo loss by reflection.” The intioduc- 
lion of the oil, or homogeneous system,” has 
immensely advanced microscopy, and affords a 
very conspicuous instance of the advantages which 
ensue when the higlu'st scientific intelligence is 
iissociated with the highest commercial intelli- 
gence. In this country we have no parallel 
instance to the engagement of a great scientist 
as the servant of a great commercial firm, the 
affording to him of every convenience for his 
w’ork, the faithful following of his directions, 
and the consequent profit to him and to his 
employers, and, what is far more important, the 
lasting gain of science. 

Extending the Limits of Vision. The 

most recent advance to which we have re- 
ferred, which is owed largely to the work of Mr. 
J. W. Gordon, of the Royal Institution, has not 
yet been applied to any very great extent. The 
use of these very high powers, so markedly 
extending the limits of vision, would be of the 
utmost value in, for instance, the present con> 
troyersy concerning the bodies produced by 
radium in bouillon, and known as radiobes. 
But, indeed, users of the microscope havenotyet 



reused that powera are acceHaible aotually ton 
timed as groat as those which they commonly 
regard as constituting the limit. It is true that 
the whole process of observation is extremely 
complicated and expensive when the most 
refined methods are eniployt.‘d, but, noverthele.Hs, 
they should Ijc employed to the utmost, since, 
after all, “ seeing is believing” and ha^ a special 
evidential value, and since those methods bring 
us near the very limits of possible sight. 

The Limits of Sight in Science. We 
have spent much time upon this subject because 
the most intimate problems of life and of matter 
are to be sought for in very small space. Th(*re 
is no such philosophic importance in discussing, 
for instance, the limit^s of the telescope as th(?ro 
is in our present subject. It is thus of great 
importance to recognise that the very nature of 
light imposes on us a precise limit, and that 
this limit is very narrowly drawn, l^t us, for 
instance, take the ordinary practicable light, 
having a wave length of, .say, one tifty- 
thonsandth of an inch. At the he.st, given all 
other conditions which are absolutely perfect, 
we cannot expect to do more than distinguish 
by its aid objects that are less than one hundred- 
thousandth of an inch apart. For many proxi- 
mate purposes this is well, but such a pow'cr, 
or even the theoretical power obtainable with 
Hdntgeii light, is nawkere. in (he neighbourhood 
of meeting tlie demands made by the more 
ultimate problems of life and matter. It is 
worth insisting upon that no conceivable ad- 
vances in science can enable actual vision to 
reveal these ultimate secrets. We do not for 
a moment say that they arc not in proc.ess of 
revelation by indirect methods depending upon 
inference and reasoning in general. The point 
is that by the superlatively satisfactory method 
of vision these ultimate ju’oblems can never be 
unravelled. Whatever science may do, it cannot 
alter the wave length of light nor the laws 
.)f optics. 

“The Material for Amazing Progress.” 

Having nf>w di.sciissed as fully as possible, the 
various aspects of the subject of the utilisation of 
light for the purpose of human knowledge, we 
must pass on to a })art of the subject which 
is perhaps more interesting than any we liavci 
yet dealt with. We shall tincl in the coum* of 
it that the subject of the utilisation of light for 
purposes of knowledge has, after all, not been 
exhausted, and, indeed, cannot he exhausted by 
the fullest possible consideration of the micro- 
seopcs the teleseo)H,>. Ihe camera, or, indeed, any 
of the various optical instruments whieh we 
have disou.ssed. For though the physical ha.sis 
of light is such that, in virtue of the projxTty 
called wave length, an absolute limit is iraposc<l 
on our vision, yet this very property of wave 
lengiii, which puts an absolute bar to our pro- 
gress in this direction, has itself constituted the 
material for the most amazing progress' and for 
discoveries and revelations which some of the 
most distinguished thinkers of the comparatively 
recent past had deliberately declared to be for 
ever impossible — a fact from which we should 
take due warning. 
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B’or very many pages, now, we have been 
diseusuing facts and instruments which are 
entirely independent for their study of any 
particular theory a.s to the actual nature of light 
— the facts and prop(*rties of the eye and of 
rcfloction and refraction ai‘(‘, we may say, almost 
equally satisfactory for study whether we accept 
the corpuscular theory of Newton or the wave 
theory of Young. We noted, tor instance, how 
satisfactorily the main facts of retleclion could 
be explained on the assumption of the corpus- 
cular thcoiy of light. Indeed, it is only at the 
very end of the long discussion through which 
we have passed that wo have had any real need 
to assume that light consists of waves. 

Waves of Sound and Waves of Light. 
But noM^ we aie to turn to facts and pheno- 
mena which depemd for their production and for 
their comprehension u])on the ware theory of 
light, and which have led to developments of 
knowltxlge that can be described only its amazing. 
Bet us recall, in a few brief phras(*s, what has 
alnnidy been asscuted as to the wave theory. 
We have seen that the history of the wave 
theory of light really begins with the discovery 
of what is calk'd interference, and already wc 
know what, that term means, because wo have 
studitxl it, in some measure, uiid(*r sound. 

Now, interferenct^ is a common property of all 
forms of wave motit)ii, and it is worth considering 
in the abstract Ix'fore we discuss the actual 
interference phenomena of liglit. It does not 
matter whether, for instance, the waves arc 
to-and-fro waves in air or whether they arc 
transverse waves in the tabor. Thti diiferenot* 
hetwetm the wavt*. motion constituting sound 
anti that constituting light is measureless in 
many respects. But tlicy are both wave motions, 
and therefore they both exhibit interferenee, 
and precisely analogous consetpiences of such 
iTiterfcrtmcc. As we have .seen, if the waves 
under discussion bo water waves caused by 
throwing stomps into a pond, the result of inter- 
ference will be to make tht' elevations of the 
waves hight'i’ wht*ri the crests of the two waves 
happen to coincidi* and to make the troughs 
deeper when two troughs hapjien to eoinekk*. 
IVectsely anah)g«)us is interference in sound 
waves ; an exactly ])arallol thing happens. Wc 
interpret the superposition of crests and troughs 
as incH'ase of loudnt'ss, and the mutual neutral- 
isation of wavc.s — caused, as we shall now see — we 
interpret as silenci*. Similarly, as has previously 
been s.\id. Young discovered that there are con- 
ditions in which the addition of light to light will 
cause darkness, and its removal will leave light. 

Two Light-waves May Make Dark- 
ness. The general propo-^iition of interference, 
as stated by rrofes.sor Tail, Is this ; “ When tw'o 
similar and equal series of waves arrive at a 
common point they interfere . . . with one another 
so that the actual disturbance of the medium at 
any instance is the result of the disturbances 
which it would have suffered at that instant 
from the two series separately.” He goes on 
to say : “Thus, if crests, and therefore troughs, 
arrive simultaneously from the two series, the 
result is a double amount of disturbance. If, 
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on the contrary, a crest of the first series arrives 
along with the trough of the second, the next 
trough of the first series will arrive along with the 
next crest of the second — and so on. One series 
is then said to bo half a wave length behind the 
other. In this case the portion of the medium 
considered will remain undisturbed '' In the case 
of water waves, the^o facts are illustrated by 
the tides at the Port of Batsha, the peculiarities 
of which were discussed by Newton himself. 
At this place “ the ocean tide-wave arrives by 
two different channels, one part being nearly 
six hours, or half a wave length behind the other. 
As a result, there is scarcely any noticeable tide 
at Batsha itself, though at places not very far 
from it the rise and fall are considerable.” 

Precisely the same is true of sound waves. 
Says Tait : “ Two sounds of the same w'avc 
length and of equal intensity produce a silence 
if they reach the external ear with an interval of 
half a wave length, or any odd multiple of half 
a wave length.” The interesting circumstance 
is that these facts were known before the w%ave 
, theory of light was accepted and before the inter- 
ference of light was demonstrated. 

The Law of Interference of Light. 
Allusion has already been made to Lord 
Brougham’s violent attack upon Young in 
the “ Edinburgh Review.” Let us now' quote 
a few selected sentences from Young’s dignified 
reply to that contemptible performance. It. is 
to be noted that it was an ” argument from 
analogy ” that led Young to the truth, and that 
is why wo have insisted at such length upon the 
parallelism between the phenomena of inter- 
ference, no matter whether they are displayed in 
water, air, or ether. 

Having stated that his discovery w^as due to 
reflection upon the “ beautiful experiments of 
Newton,” and having declared that his law 
seemed to account for more phenomena than any 
other law of optics then known, Young goes 
on to say: ” I shall endeavour to explain this 
law by a comparison. Suppose a number of 
equal w'avos of water to move upon the surface 
of a stagnant lake with a certain constant 
velocity, and to enter a channel leading out of the 
lake. Suppose, then, another similar eause to 
have excited another equal series of w aves, which 
arrive at the same channel with the same velocity, 
and at the same time with the first.” He then 
goes on to show' that in such a case the waves 
must either reinforce one another, or, if there 
be an interval of half a wave length, “ the surface 
of the water must remain smooth ; at least I 
can discover no alternative either from theory 
or from experiment. Now, I maintain that 
similar effects take place whenever two portions 
of light are thus mixed, and this I call the general 
law of the interference of light.” 

** Argument ** from Analogy. That 
Young was led to the truth bv analogy is, of 
course, no exceptional case. The “ argument ” 
from analogy haa been incessantly used by all 
manner of men since the time of Socrates, who 
was itiipoai exponent, and we may be sure it 
was uaim, before his day as well. The present 


subject is perhaps the best illustration of the 
difference between the safe and the unsafe 
method of employing the “ argument ” from 
analogy. Th(5 essence of the “ argument ” from 
analogy is this : that because A and B resemble 
one another in a given particular, they will also 
resemble one another in some other particular, 
or in all other particulars. Now, that assertion 
as it stands is evidently false. It does not follow 
that l)ecause A and B resemble one another in 
one particular they will therefore resemble one 
another in amj other particular whatever. There 
may be only one point of resemblance between 
them. Socrates himself did not act on this, 
howevi'r, and thousands of thinkers since his 
day have betm contented to accept the so-called 
“ argument ” from analogy as if it were really 
an argument — really a logical, rational process. 
(We use inverted commas to suggest the fictitious 
nature of the “ argument.”) 

The Limit of Analogy. But it is nothing 
of the sort. The very utmost that can be 
said of the “ argument " from analogy is that 
it is suggestive. I’rue, it is unquestionably 
the most valuable and fertile means of sugges- 
tion that we know', and too much importance 
<‘annot be attached to it within its own sphere of 
action. Oreat poetry and the great discoveries 
of scienoo provide numberless illiisl rations of the 
value of analogy. To perceive obscure analogies 
is to have a mind of a v('ry high ordei*. The pro- 
cess called the association of ideas is never more 
wonderful than when a Shakespeare or a Newton 
or a Spencer perceives the parallelism or analogy 
betw'etui things that would never have been con- 
nected together in the ordinary mind. In the; 
case of pocfiic imagery, there is no need to go 
any further. A Wordsworth may say of a 
Milton, “Thy soul was like a star and dw'elt 
apart ” ; and no sensible person desires, as wc 
say, to press the analogy too far. Two things 
more different than a soul and a star cannot be 
conceived. Yet in this case there w'aa just the 
resemblanct) of solitary grandeur. 

The Value of Analogy. But in matters 
of science the all-important thing is that 
the analogy shall he pressed as far as pos- 
sible. before any conclusions arc drawm from 
it. If this be not done (and it is constantly 
omitted) we arrive at wrong conclusions. It is, 
indeed, not parodying the process too commonly 
adopted if w'C say that because Milton’s soul w'as 
like a star in loneliness and grandeur, it was 
therefore, like a star, subject to the law of gravita- 
tion. At once we see that the analogy breaks 
down, or, rather, that it is only an analogy. The 
necessity, therefore, is, having seen the analogy, 
immediately to put it to an experimental test. It 
maylead to nothing at all, and may really bide the 
profoundest differences, or it may lead to a great 
discovery. Analogy merely suggests that because 
A and B resemble one another on a certain 
point, it would not he surprising if they resembled 
one another in other points. Now, Young hod 
the wisdom to know how much analogy is 
really worth, and he therefore put the matter, as 
we shall see, to the supreme test of experiment. 
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By P. G. KONODY 


•yHE art of the ^riddU* Ages may lie divided 
* into two periods ; the Romanesque and the 
Gothic. The earlier of tlie two coincides with tlio 
troublous time after the fall of the Roman 
Empire, when the world power passed to the 
Northern States, and w^as essentially of a mon- 
astic character. The p(‘Oples were engaged in 
constant w'ar and strife, and the cult of tlui arts 
and sciences was almost entirely in the hands of 
the religious bodies, whose main (‘nergy was 
directed towards the building of ehurehcs and 
monasteries. Thus the Romanesque period was, 
above all, one of architecture, the oth.er arts 
being pressed into its service as subordinate 
adjuncts; and the characteristic's of the style 
which, as the name conveys, was bastnl on tlu‘ 
Roman model, can best be studied in such 
churches and monastic buildings as have e.scaped 
decay or destruction. 

The Romanesque Church. The plan 
of the Romanesque church is based on that 
of the early Christian basilica, but the rnodifi- 
(lations gradually introduced in the plan soon 

transformed the entire — — — — 

style. Tlie one eharac- 
teristic feature Avliich is 
retained through all 
phases of Romanesque 
architecture, and which 
is its chief distinguishing 
feature from the fJothie, 
is the round arch. The 
modifications of the plan 
include the lengtJiening 
of the choir and of the 
transept to form a cross- 
shape, and the abolition 
of the forecourt, or 
atrium, which is either 
left out altogether, or 
reduced to a small vesti- 
bule. It is only natural 44 ^ the fondaco 
tha■^ the simultaneous 

evo_ution of the Ronianes(|uc style should have 
taken different forms in the different countries. 
Thus, in Italy the clock tow^er remained an in- 
dependent member of the building ; w'hilst in 
Germany and France the two spires flanking the 
main porch, as an integral part of the architec- 
tural plan, became the customary device. In 
the Provence again, under Saracenic influence, 
the pointed arch was frequently adopted in the 
place of the semicircular arch. 

In early Romanesque times the nave had 
generally a flat, wooden coiling like the early 
basilica, which was first replaced by the barrel 
vault, and later by plain cross vaulting. This 
cross vaulting was first introduced in the narrower 
aisles, andfor a long time the difficulties of 
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spanning th<* loftiiu* and wider nave were con* 
sidert‘d insuperable. 'Phe nave, being generally 
of about twice the width of the arches by w’hieb 
it is separated from the aisles, it wais found 
neceasary in the vaulting of the nave to carry 
(he “ groin-rib ” across the width of two arches 
of the colonnade, so that the v'aulting is suj)- 
)»orted by alternating columns, or rather pillars, 
since the mwv conditions nece.ssitated a firmer 
su])})ort. As a rt‘sult, the liarsh <‘ontrast,s 
between the sup|)orting and resting members 
disappeared, and gave way to flowing line aiid 
rhythmic articulation. To bring the w'idth of 
each compart nient of the vaulting into harmony 
with the arches of the colonnade (which had 
only half th(‘ width), a blind arch was frequently 
impt)sed over two of the arcings, connecting two 
pillars in a semictircle which had its centre on 
the capital of the intermediate column [40J. 

Columns. Columns in the Romanesque 
period no longer follow’ed any rulo.s of pro- 
portion, and were on the whole more massive 
than in the classic jaudod. As regards the 

capital, th(^ typical form 

is a fanciful cubic shape 
which in an ingenious 
inanmT establishes a 
natural passing from the 
circular shaft to the 
square architrave. The 
exterior, too, is marked 
by its massiveness and 
p r e p o n d e r a n c (j of 
masonry, in contradis- 
tinction to the Gothic 
eliurcli, W'liere the eye 
is caught by the lace-like 
traceries of windows, 
io.so-Avindows, and pin- 
nacles. In Italy, more 
particularly, the long, 

El TITRCHI, VENICE "" Iwrizoiital lines of the 
nave and the lower 
aisles, wdiich are clearly marked on the exterior, 
give the character to the building ; whereas in 
Gothic church architecture the eye is carried 
heavenwards by the perpendicular lines of the 
spires and pinnacles. The relief ornamentation 
coiLsists of a conventional treatment of plant 
and animal forms, Avhilst the wall spaces of the 
interior, especially of the apse, are frequently 
decorated with fresco paintings. For baptis- 
teries and mortuary chapels a circular or poly- 
gonal plan was generally adhered to, as during 
the early Christian period. 

The Leaning Tower of Pisa. One 
of the earliest and most imposing works 
of Romanesque architecture in Italy is the 
Cathedral of Pisa, with its famous leaning 
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tower and circular b-iplistery f47J. Tlic plan is 
of the basilica ty^ie, with a nivo Hanked by 
two aisles on either side, a transept divided, 
as it were, into a nave and aisk^s by two colon- 
nades, and terminating in apses, with the 
intersection of nave anti transept crowned by 
a cupola. The exterior and the inner wall are 
built of alternate layers of blocks of white and 
green marble [45]. The entire exterior is beauti- 
fully articulated by colonnades of blind arches on 
the ground floor, and arcades of free columns 
on the upper part. The tiathedral was built 
in 1003. The leaning tower owes its deviation 
of about 13 ft. from the perj>endicular, in th(‘ 
first instance, to the sinking of tJu* foundations, 
which took j)lace in the course of its 
construction; but this unfore.secn 
diftieulty did not prevent the bold 
builders continuing the work, which 
has now (*ndured for over eight 
centurie.s. In Florence, San Miniato 
is the earliest and most exquisite 
example of Romanesque architec- 
t lire, and is remarkable for its raised 
choir over a beautifully vaulted 
crypt. Tlie walls are covered with 
beautiful marble incrustation in 
panels and bands of black and 
white. The interior is covered with 
an open timber roof decorated with bright gold, 
green, red and blue. 

In Northern Italy the development of the 
Romanesque style was considerably influenced 
by that of Central Europe, and the details in 
particular lead up to the Gothic forms, though 
the campanile, or clock tower, even where it 
is not detached from the body of the church, 
never forms an integral part of the design. 
Brick was frequently used as building material, 
and ve^ lestdcted use was made of exterior 
decoration. . Frequently the articulation of 
the building,; the division into nave and aisles, 
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is not even suggest etl on tlie facade, and tht‘ 
galleries are restricted to the toj) of the gables 
and apses. Examples of this style abound in 
Lombtirdy and Northern Italy, among the most 
notable being San Zenone in Verona, 8an 
Michele in Pavia, and tlu^ C’athodral in Modena. 
Of secular buildings of the period, the Palazzo 
Loredan and the Fondaco dei Turchi, in Venice 
[44], are, perhaps, thij most typical examples. 

In Southern Italy and Sicdly the Romanesque 
style was grafted by the Norman conquerors on 
the Byzantine and Moliammedan tradition w’hich 
liad taken lirni root on this soil. 'J'he result was 
a curious mixture of a basilica plan, Byzantine 
mosaies and ornamentation, Saracenic pointed 
arches, and Romanesque towers, 
such as is to be found in the church 
of Monreale and in Palermo 
Pathcdral. 

The Romanesque Period 
in France. In France, again, we 
have to distinguish betw^een the 
South and the North. The South 
followed the tradition of classic 
arcliitecture in construction and 
decorative detail. Barrel vaulting 
was extensively resorted to, the 
vault generally covering the entire 
length of the nave, whilst the aisles 
terminated in semi-barrel vaults, which counter- 
acted the thrust of the central vault, leading 
it to the outer walls. The B3rstem necessi- 
tated the sacrifice of the clerestory windows and 
the substitution of strong shafts or pillars for 
the columns. The chief monuments of this type 
are to be found in the Provence and the Dau- 
phin^. Avignon Cathedral, St. Semin, at Toulouse 
(end of eleventh century), and Arles Cathedral 
are among the most notable examples. The 
Romanesque churches of Burgundy and French 
Switzerland are very similar in plan. • > 

In the North, the cool, bold, and clear spirit of 



the Normans left ite impress on the architectural 
style of this race of conquerors, which is through- 
out logical and structurally sound. In the place 
of the barrel vault wo find here generally cross 
vaulting. Two bold towers rise from the front of 
the churches, and, as a rule, another massive 
square tower crowns the intersection of the nave 
and transept. The ornamentation is very simple 
and almost entirely of linear charjioler — mean- 
dt^rs, zigzag lines, and chessboard pattern ; but 
towards the end of the period these motifs were 
very extonoively employed, covering large sur- 
fat^os on the porches, arcades, and interior walls. 
A notable example of this Norman Romanesque 
style is the church of St. Etienne at Caen, built 
towards the end of the eleventh century. 

Architecture in England and in 
Germany. The Norman style cnnie to Eng- 
land in the wake of William the (Conqueror, and 
soon suppliinUid the oarlitu* Saxon style, from 
which it ad«)ptcd, however, tJio use of timber, 
especially for ceilings. Vaulted naves of this 
jx^riod are almost unknown. The crossing is 
generally crowned by a massive tower, which is 
frequently ornamented with fircadings. The onia- 
numtation is particularly rich in the doorways ; 
the columns are generally round, with square 
capitals, and very massive and heavy, as though 
they were intended to support a heavy vault. 
Most of the Norman English cathedrals have 
undergone numerous modifications at later 
periods, but those of Peterborough, Gloucester, 
Waltham, Winchester, and Norwich have re- 
tained much of their original Romanesque charac- 
ter, though Norwich and Durham have Gothic 
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vaults, and Peterborough a Gothic west front 
and retro choir. In London, Romanesque or 
Norman architet^turo is best represented by the 
round portion of the Temple Church, the Keep 
and St. John’s Chapel in the Tower [48], and 
St. Bartholomew the Great, SmitJiiit^ld. 

Ill Germany the Rhiiu^ provinces hold tho 
finest examples of Romanesque architectur(% 
which is here clo8(?ly allied with that of Northern 
Italy. A most impressive feature is ofier<‘d by 
tho numerous octagonal and circular • turrets, 
and t he arcaded gallcrit‘s witli wliich t he ehiirehc*s 
are adorned. The articulation is very clear and 
simple, and every member of the building is givcai 
just tho noe(^ssary degree of prominone(\ Vault- 
ing was first introdue(‘d in the Rlumisli provinces, 
but only about half a century after its goiu^ral 
adoption in France. Koman(isque.chiiri!]i build- 
ings abound in almost every part of (lormany, 
and we only iiKuition the* eutlu^drals of 

Worms, Spires, Aix-la-( -hnpellc, Mayence, Troves, 
Bonn, and Ri^gensburg. 

Influence of the Church on Art. 
Througiioiit Eurojie, wliorever tlie Romanesque 
styli^ took root, the artistic (wpn^ssion of tho 
period was essentially architectural. It was a 
time of g(‘neral, as o])poKcd to individual, iditas, 
and tho llourishing of sculpture and painting can 
only coincide with tliat liberty of the individual 
which was then pnmtically non-exisbmt. Tlum 
the practice of tho line arts w'as almost ontin^Iy 
in the hands of tho Church, and had to follow 
strictly traditional linos. The (;hief objecd of art. 
in tho hands of the priests and monastic orders 
wtis edification and instriu^tion, and the moans 
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by which this was achieved was adherence to 
conventional symbols. The forms of antiquity 
had lost their natural grace and flow of line in 
the Byzantine period, and were handed over to 
the Romanesque (Taftsmen in this stiff and formal 
modification. A considerable stretch of time was 
needed before tjio Northom races could rediscover 
the classic spirit that lay concealed under this 
formalism, and before they t^ould develop a 
new style upon this foundation. In subject 
matter, as in form, the ruling of the Church 
dominated Romanes q uo 
art, and secular subjet^ts 
occur but on rare occa- 
sions, as in the famous 
Bayeux tapestry, in 
which William the (?on- 
(^ueror’s wife gave a 
naive pictorial record of 
the conquest of Kng- 
land by the Normans 
[WJ. But CUiristian 
symbolism in art was 
by no means confined 
to scriptural reprt^senta- 
tions, and, as wo have 
already found in iht^ 
paintings of the catacombs, the characters of 
ancient mythology were frequently repeated, 
though a new symbolical mi^aning was now 
attached to them. A solemn, dignified formalism 
prevails throughout, whi<5h favours the typical 
rather than the individual. 

Plastic Art. In plastic art, the Roman- 
esque period is chiefly nnnarkable for the nu- 
merous beautifully executed ivory carvings, 
which have been preserved in considerable 
numbers, and constitute the most complete link 


that connects the classic with the Gothic period. 
The craftsmen of that era also excelled in bronze 
casting, and numerous church doors with figure 
reliefs still testify to their skill. The art of 
enamelling was extensively practised, particu- 
larly at Limoges, and constitutes, through its 
application to metal work in relief, a transi- 
tion from painting to sculpture. The method 
employed by the Limoges workers (champlevc) 
differs from that of the Byzantines (cloisonne), 
in so far as the latter filled the enamels into 
compartments formerl 
by gold wire soldered 
to tlio base, while the 
former hollowed out 
1 lui ground so that tho 
gold or gilt outlines, 
which divided tho dif- 
ferent colours, stood 
out in relief. Painting 
was entirely confined 
to tho illumination of 
manuscripts and tho 
det^oration of <^hurcli 
walls with convention- 
ally treated figures. 
The striving for 
artistic freedom and new forms is clearly per- 
ceptible in the closing epoch of tho Romanesque 
period, though for a long tinm it w\as kept 
down by the severity of ibe hierarchic tradi- 
tion and by the rule of the Church, which 
practically dominated (jvery manifestation of 
the artistic spirit. <.)nly about the beginning 
of the thirteenth cemtury, with the dawn of the 
(lothic epoch, did art attain to lliat individual 
expression which makes it a vital factor in the 
life of nations. 



48. ST. John’s chapel, tower of i.onhon 
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By Professor JAMES LONG 

WESTERN AUSTRALIA vicro produced. The qiiantilieK of grain grown 

The great colony of WeHtcrn Australia occupies in the season 1004-5 were tvs follow : 
the entire western portion of the continent. Wluuit . . . . 2,0i;j,00() bushels 

It contains some ()25, 000,000 acres, being, there- Barley .. .. 37,000 

fore, twelve times as large as England and Wales. Oats . . . . 22(>,000 ,, 

It is divided into six portions, Kimberley in the Wines and Wool, in 1003 West Australia 
north, a country highly suitable for stock rear- produced 137, 000 gals, of wine, and 1 3,000,000 lb. 

ing; the North-west and Westerly Divisions, with of wool, which represents an industry that eau 

their rich pastoral plains, which render them be almost indefinitely exUaided. The wluNit 

specially adapted for the production of meat; the growm is of high (luaiity, and in somc^ districts 

Eastern Division, which forms thectmtre of the reaeh(!S 05 lb. pm- biishi;!, tluj wlu^at belt being 

province; the kSouth-wost Division, containing a one of the finest in the world, and failure of a 

large area of good soil, adapting it to the produc- crop almost unknown. In the most suitable 

lion of grain, vegetable, and fruit crops, and tluae- districts for dairying, the establishmcTi t of but, ter 

fore to agricultural sidllemcnt ; and Eucla, a factories and creameries will ultimat«*ly be on a 

port ion of which contains splendid pasturage, but large scale, for Nature luis provid<‘d unlimited 

which, in the main, is badly waten^d. It is in the provision for the feeding of stock and the 

south-west, however, where settlers are taking production of milk. Both climate and soil, 

up land, and where the ehi(d portion of tho in districts adapted to the purpose, favour the 

population— which luvs inonuised from 137,0(K) fruit-growing industry, and to such an extent 

to 255,000 in ten years — mainly resides. During that not only is it possible to ]>ro<luc(' European 

the past eight years the area of laud under varhdies but also those which anujommon to semi- 

crops has increa8(id from 111,000 to 327, 0(K) tropical climates, and which are adapted, like 

acres. ' tho grape and the currant-, to drying or eon- 

A Promising OutlooK. Western Aus- verting into wine. It is officially stated that 

tralia, with its huge area, varied soil, rich pastur- the vine may be grown along the coastline for a 

age, and salubrious climate, much as the tern- considerable dislanci*, and as far as 150 miles 

peraturo and rainfall vary, alTords wondiTful inland without art itkial jirovit.ion of waku*. 

opportunities to the farmer, the stock -breed(U% West Australia is I ilx rally endowed by Nature 

tho dairyman, and the fruit grower. There are with timber of many valualilo kinds, tho cliicd 

free grants of land and loans of money by varieties being estimated to cover 20,()()(),(I00 

tho Government, while the prices obtainable aiTcs, of which 8, 000, 000 acres are jarrah. 

for most kinds of produce are exceptionally Timber leases and licjeiicx^s are grafited upon 

good, owing to tho fact that the demand, whi(‘h advantageous conditions. 

is daily increasing, is greater than the supply. Purchase of Land, The landlords of 
For example, wheat and wheiat olTals, oats, bar- the c;olony are esptxually generous to the sidthu’, 

l©y» potatoes, bacon and hams, butter, ehtxjse, conditionally upon his (blearing and cropping 

preserved milk, eggs, frozen meat, ijattle, 40 acTOs, fencing, and erecting a house to tlie 

and sheep are all imported, for the reason that value of £30 ; while a free homestead farm of 

production is not equal to the consumption, and 100 acres is supplied for a single sovereign, but 

these form only a portion of the food stuffs the settler must reside on tho land for six months 

which are imported for the use of West Austra- in each of the first five years. Apart from this, 

lian people. Tho outlook for the future of the land from 100 to 1,000 acres in area can be ob- 

colony is therefore most promising, for having tained at 10s. an acre, payable in half-yciarly in- 

overtaken iik own consumption, it will bo in stalments, at the rate of 3d. per acre for 20 years ; 

a position to supply other countries with un- improvements must be effei^ted to the value of 

limited supplies. 10s. per acre with residence, or 2 ()h. without, and 

The first winter rain follows the close of within ten years a boundary fence must bo put 

summer in April. The rainfall, w'hich is greatest iip to tho extent of one-tenth within two years, 

between May and September, averages 33 in. at and completed within five years. Fruit growers, 

Perth, reaching 40 in. on the coast further south. gardeners and others can obtain small areas of 

At Kimberley, to the extreme north, it varies from 5 to 50 acres of land at £1 per acre, but they must 

20 in. to 27 in., falling to 20 in. in Eucla, and 9 in. erect a fenci) within three years, 

in Coolgordie. The chief agricultural industries Pastoral lands are leased under various (;on- 
are the Production of milk and milk products, ditions ; in Eucla, for example, blocks of 20,000 

grain, meat, fruit and vegetables. acres are leased at 5 b. per 1,000 acres per annum ; 

In the ten years ending 1903, 7,500,000 bushels in the eastern division similar blocks are charged 

of wheats averaging 11 haishels to tho acre, 28 . 6d. per 1,000 acres for each of the first 7 years, 
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and r»s. for tho remaining years' lease. In Kim- 
berley, in the north, blocks of 1,000 acres with 
frontage or 20,000 acres without a frontage are 
lot at 20s. per 1,000 acres per annum. In tho 
south-west the rentals are high ; blocks of 3,(KK) 
acres — the area being curtailed — are charged 
£1 per 1,000 acres, or 10s. in the less advantageous 
districts. 

Concessions to Settlers. The settler 
is met by Government with various con- 
cessions ; ho is taken to the land whore ho 
desires to make a selection, frt;o of charge ; on 
paying his fees and h.aving made his sele(‘tion, 
lie and his family, with his goods, reeeivo a 
HfKJcial com^cssion from the Railway Department, 
tiio fares being debited against him for repay- 
ment by bills at 24 months at f) per cent. Intercast. 
Ho can, too, obtain advam;es under the Agri- 
cultural Banks Acts to enable him to make his 
improvements and earry on his work, but there 
must be no mortgage or other eneiimhrances on 
the land. He can pay half his liabilities, carry 
on his farming, grazing, or other work on the 
land, or add to his improvements by the aid of 
an Jidvance, but sueh advance must not exeetnl 
two-thirds of tho value of the land, and the 
improvements whitrh have been made, nor must 
they exceed £1,000. In the case of improve- 
ments, the advane<? refers to the (blearing, (uilti- 
vating, ploughing, and fencing of land, draining, 
well-sinking, and building, and, indtu'd, any form 
of improvement which will increase the enpa- 
hilities of the land. Where loans are thus con- 
tracted, they are repayable within 30 years under 
tho principal At^t, but the borrowtT is required 
to pay interest only during the first live years, 
after which he commences to repay the principal. 

Pas8agt‘s to West Australia are otfered to 
approved emigrants owning not 1«?sb than £1(K> 
at £7 per adult and upwards, or £13 where the 
emigrant has no capital. The settler has little 
to i)ay on his ai-rival ; there is neither income 
bix, land tax, tithe, nor poor rate, while his 
sons, d<*siring to occupy land, can Iw trained at 
either of the two Government experimental 
farms at lOs. 6d. per quarter, includiiig maiu- 
tcnance and instruction. 

SOUTH AUSTRALIA 

South Australia, which covers over 900,000 
square miles, one-third of the whole continent, 
possesses a population of 373,000, excluding 
43,000 Maoris. Jn the northern territory, 
which is the larger portion t)f the province, 
covering over 500,000 square miles, there are 
only 4,000 people. 

ClimRie. The climate of South Australia 
varies, but it is claimed that in the temperate 
district of tho south, like Victoria and Now South 
Wales, it closely resembles the climate of Italy, 
although in the north the heat is consider- 
able, owing to the existence of practically 
tropical conditions. The hot months are from 
Dewmber to February, these being followed 
by November and ^larch, when, however, the 
nights are cooler, while summer extends from 
October to March, after which the temperature 
falls. weather during winter, April to 


October, especially in its two first montlvs, is 
regarded as perfect. 

Products. In 1904, the area under tillag(» 
was 3,316,000 acres, the Crown land alienated 
during the same year reaching 388,000 acres. 
The chief crops, with the area on which they 
were cultivated, and the quantity gro\^Ti, are 
shown in the following table : 


L'r(>i>M. 


t^uautities. 



Bushtilti. 

Wlu-at 

l,S40,l.’i7 

12,023,172 

OatH 


556, 69« 

Ihiiioy 

23,904 

346,718 

l‘otatiK'.H . . 


I’ons. 

19,621 

Hay 

2t>i>.t)L>e 

294,262 

Vila's 

23,210 

dais, of wine made. 
2,026,430 

(Jn*en 

45,274 

— 

MisceUaneoKS ( 'rops : 
Almond 'J’n'i s . . 

187,321 

7,627 cwt. 

Appl<‘ 

088,031 

302,430 enaes. 

Jam lion . . . . 

09,010 

37,720 „ 

Omngo 

IT) 1,593 

103,893 „ 

Olivos . . . . 1 

83,138 

I'rndiiee. 

15,980 gals. oil. 

Kaisins . . . . 

1 

8,697 c*vt. 

(Hi mints . . 

— 

10,714 ,, 

Oai'diMi A' Orchards 

29,032 


Honey Hives 

23,t*»33 

1,197.737 lb. 


Wheat is easily the priiuupal grain crop, 
but in the same year over 1,000,000 acres were 
under fallow. It will be noticed that South 
Australia produces tlui oiauge, the lemon, the 
almond, and th(‘ olive ; while applets form an 
important product, other fruits such as raisins 
and currants being capable of growth upon a 
vastly extended scale. 

The quantity of wheat grown per acre in 1904-5 
was just under 7 busluds, while oats reached 
11 bushels, barhjy 14 J bushels, potatoes 2J tons, 
and hay 1 ton per acre. 

Livestock. The table which follows will 
enable flic reader to obtain some idea of the 
stock-breeding capacity of the province ; the 
numlwr of animals referring to the year 1904., 
There wc*re in all ; ' 

Horses .. 200,241 I Cattl? 620.37» 

Sheep .. 6,874,979 I Pigs.. 112,584 

Land Tenure. Of the 243,000,<KX> iurres 
in South Australia proper, 93,000,000 are in 
occupation, 8,(X)0,000 having been alienated, 
and 85,000,000 acres are held under Crown 
leases, thus leaving 150,000,000 acres for settle- 
ment. Land is sold by the State under tlie 
deferred payment system, the receipts forming 
about 7 per cent, of tho total revenue. There 
are in all 77,0(X),000 acres of land held by 
Crown lessees as sheep and cattle runs. Near 
the larger centres of population, small plots of 
land are obtainable on lease by working men, 
up to 20 acres in extent, but personal residence 
is required. Leases with ri^t of purchase, 
exercisable after six years, are aHAted for 
terms of 21 years, with rights of renewal, while 
land let on perpetual learn is re- valued every 
14 years. On the basis of freeholds,, and of 




AGRICULTURE 


Govomment leaseholds jointly, the average 
area of land occupied, equals 70 acres per head 
of the population, excluding pasture land. 

Wine, Butter, and Cheese. The 

production of wine is largely increasing ; in 
1892 there were 8,750,000 vines, of which only 
4,000,000 were bearing ; ten years later there 
were nearly 12,000,000, the wine produced 
reaching nearly 2,250,000 gallons. In the same 
year the quantity of butter produced w*is over 
4,500,000 lb., and of cheese 700,000 lb. 

‘‘The favourable conditions which exist, Avith 
the small cost of cultivation,” says Mr. Coghlan, 
one of the highest authorities in Australia, 
“ makes a yield of 7 bushels of grain in South 
Australia as satisfactory as 15 bushels in New 
South Wales, or 20 bushels in New Zealand.” 
The mechanical operations of a l,f)00-acre farm 
cost, according to one authority, the faiUier 
himself 48. ll^d. per acre ; while in anotlier 
case tlie cost is placed by the grower at Is. IJd. 
per bushel of grain. Details, howev(?r, on this 
point, and in nilation to the cultivation of th(*, 
various crops of the proviiuic, of irrigation, td 
fruit-growing, dairying, and the wine industry, 
may be found in the work issiu'd hy the (Jovern- 
ment, entitled “The (^rntral StaUi : Its Progniss 
and Resources.” We may, however, point out, 
in regard to the dairy industry, which is advanc- 
ing in all parts of Australia, that the quantity 
of butter produced varies from 4,500,(.RM) Ib. 
t.o 5,500,000 lb. p(5r annum ; and of cheese, 
from 100,000 lb. to 1,000,0(K) lb. ; and, further, 
that there is a great opening in the more tem- 
})erate districts for a large extension of this 
particular work. The buttcT and cheese factories 
already in operation number (58. 

Wool. As in other parts of Australia, the 
wool industry is oru^ of great importance. 
Although not so numerous as botwcfui 1875 and 
1 890, there are nearly 6,000,000 sluM'p in 1 he colony, 
(he wool exported in 1902 n^aching £1,125,(K)0 
sterling in value. The following (igur<5s show 
the actual weight of the Ihu'co ])er shec^p at 
different periods, and in dilferent provinces. 
South Australia taking the best pla<i(5 : 


state. 

1861. 

1871. 

1881. 

ism. 

1901. 


l(). 

U>. 

Ui. 

lb. 

lb. 

South Australia . . 

4-69 

(5*41 

6*93 

6*85 

7*9 

Now South Wales . . 

3-28 

4 51 

4*47 

6*74 

7-2 

Victoria . . 

4-62 

H*17 

6*87 

5*68 

6*9 

Queensland 

3*4(1 

4*73 

4*60 

4*73 

7 1 

New Zealand 

3*48 

4*76 

5*32 

«*42 

8*1 


The fact that so largo a portion of South 
Australia is tropical is sufficient to indicate 
its wonderful capacity — especially in the river 
valleys — for the production of tropical fruits, 
cotton, tobacco, sugar-cane and other semi- 
tropioal crops. 

QUEENSLAND 

Queensland embraces 428,000,000 of acres, or 
twelve times the area of England and Wales, 
'Fhe estimated population at the end of 1904 was 
521,000, three-quarters of whom dweli in houses 
which are timber-built, owing to their coolness 
and chcapneBS. The climate is varied, Fikc the 


rainfall. The only district wuthin the temperate 
zone is known as Darling Downs, w'herc the 
temperature is delightful, owing in part to its 
elevation. The winter ext^^uds from May to 
July inclusive, and the summer from December 
to February, during which most of (he rain falls. 
The summer is hot but not suffiei(‘ntly so to 
prevent work out of doors. The. rainfall varies 
from 10 in. in the western districts to 77 in. 
at Mackay. Brisbane averages 51 in., wliih^ 
in the south part of Cook J(>0 in. have been 
rcgislercd in a year. Apart from minerals, tlu^ 
chief products of Queensland are wool, maize, 
w'lu^at, sugar cane, livestock, timber, anti butt(‘r. 
The chief indus(rie8, thereff)re, are pastoral and 
agricultural, (he grazing farms in particular 
Ix'ing of coiLsiderable size. 

Extent of Crops. Owing to the Jn*a(, 
the number of liv'estoek varies, like tht^ yif*ld of 
grain crops, from year to yeai’, largt^ numbers of 
taiUle and shee]) dying during severe dioiights ; 
for a similar rt^ason file, wool crop, and the pro- 
duction of frozen meat vary in (jiiantity. In 
1904 the (piantity of w^ool exported was only 
4 7, (KX), 000 lb., but although this was 1 2, 000, (MK) lb. 
more than in 1903, it was inutih l(^ss (ban in many 
prtsvious years. value of tlie wool exporttid 

in 1904 exceeded £*2,250,000 sterling, and of Ji\(‘- 
stotik nearly £1,50(),0(M), while })rcsorved meals, 
including both salted and frozen, 

£7(K),(MKb or less than half llu‘ value of the e.\- 
ports in 1902, and butter £290,000, an enormous 
increase on pnwious years. The value of the sugar 
export rt^aehed £l,250,(MK) stt^rling in the same 
year. The following figures show the exti*nt of 
leading crops during three years ending 1904: 


Year. 

Land 

in 

(niiti- 

vatioM. 

Wheat. 

Barlej'. 

Afaize. 

Sugar - 
ciiiic. 

hneernt! 

and 

other 

(jlreon 

Forage. 

v.m 

478,121 

1,SS() 

•i:i0 

S9,92:i 


r.1,279 

UK).*1 

621,69:1 


22, 8, SI 

i;i:{,099 


26,r»7(; 

IIKM 

.'■>77,896 

1 

ir,o, 9 .'>s 

1 

I7,:i.s7 

119,171 

I20,:n7 

861 


Maize averages from 1(5 to 31 bushels per aci*o 
in the south, and from 35 to 43 bushels in th(» 
north of Queensland, From 1895 to 1901, one 
great failure excejited, the wheat crop varied 
from 9.^ to 19^ bushels per acre. Among other 
crops are barley, w'hich in 1(K)4 yielded 19 
bushels for malting ; oats, which produced 24 
bushels; lucerne, which yielded IJ tons of 
hay, potatoes, millet, rice, tobacco, cotton, colToe, 
and various fruits, including the grape, bananas, 
oranges, limions, mangot^s, pinca})pk‘s, limes, 
and coconuts. 

The following (able shows (ho numlxu* of 
animals owned in Queensland during two recent 
years : 


A nimalfl. 

I90:i. 

1904. 

Horsea • • 

Horned Cattle 

Sheep 

Pig» 

401.984 

1 2,481,717 
8,322.044 1 

117,6.va 

m,w5 

1 2,722,340 
10,143,470 
IS.'l.Ul 
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It is ofificially stated that some two<tliirds of 
the owners of sheep own loss than 1,000 sheep 
each, while about 150 own over 20,000 each. 
Farmers owning cattle are much more numerous, 
but in most cases the number of animals owned 
does not roach 100. 

Dairy farming is gradually developing, and 
factories for the production of butter and 
cheese are increasing in number. 'Iho ])roduction 
of poultry, and the curing of bacon and hams, 
are industries which are also making way. In 
the year 1904 nearly 8,000,000 lb. of butter were 
i^xported to England and other countries. Use- 
ful dairy cows are obtainable at from £7 to £12 
each. 

Purchase of Land. 'I’ho co.st of un- 
improved and improved land suit able for farming 
and (hiirying varies from £l to £4 per acre, 
while orchard land in the best localities, near 
railways and roads, realises as much as £20 an 
acre. Farmers are able to obtain advancers 
under the Agricultural Hanks Act for tlic pur- 
poses of meeting liabilities already existing on 
the holding ; for agricultural, dairying, grazing, 
and horticultural pursuits on the holding ; for 
making additional improvemtmts to those already 
in existence ; and for the purchase of .stock, 
machinery, and other farm a})plianccs. The 
money must be rejmid, by half-yearly instalments 
of £3 Us. per £100, including inUaest, within 
25 years. There is an excellent Agricultural 
College for students between the ages of 14 and 
21 years ; the charges for the yeiu’ are £27, 
including borU'd, lodging, and laundry. The 
cost of living as com[mred with the wages paid 
is low. 

Agricultural land is obtainable under a 
system of d(‘fciTed purchasi' on a term of 21 
years. The tenant first obtains a licence to 
occupy, and, later, a lease, and the lease ulti- 
mately merges into a deed of grant on com- 
pletion of the purchase. Under the licence and 
lease, an annual payment is necessary as a survey 
fee, which Is divided into five equal instalments, 
and an annual rent equivalent to the fortieth 
of the purchase price. The sums paid as rent 
become instalments in part payment of the 
purchase, so that when the lease has expired, 
half of the purchase price will have Ix^en. paid, 
another year being allowed for the payment of 
the remaining half ; if payments are ijunciually 
made, no interest is chai'ged. 

Gradual Payments. A farmc^r in Great 
Britain having deposited the year’s rent and 
ono-fifth of the survey fee, is entitled to receive 
a certificate of title to the land, and he has 
six months given him in which to present this 
cortificato to the District Commissioner in Quet^ms- 
land. He then receives his licence to occupy, 
and, if he choose, can obtain a further six 
months before he enters into occupation. Sub- 
sequently, and until he obtains his freehold, he 
must continuously occupy the land, which must 
bo enclosed, with a substantial fence within 
five years ; or, on the other hand, ho must make 
such improveiricnts as will be equal in value to 
such a fence. Tho Government gives him a 
reduction of 5 per cent, on the usual freight 


rates for all fencing and building material 
for use on his farm. When the improvements 
have been completed, ho is entitled to his lease*, 
and is then in a position, if he so desire, to mort- 
gage the land, or, by permission, to subdivide 
or transfer it, or, as tho case may be, to under- 
let it. Where purchase is completed by earlier 
payment, a discount of 2 J per cent, is allowed. 

An Easy Road to Success. A jx^rson 
selecting land as we have described, and 
who pays his owm passage money and that 
of his family, is entitled to be credited wuth 
such sums towards the payment of his holding, 
not exceeding £17 per adult, and he is not 
re(iuirt‘d to pay any further instalment of land 
or surviry fee until such time as these payments 
have been covered. Farms now offered arc 
situated in a mild climate, wjthin ea.sy distance 
of railways, and in districts in which the rain- 
fall is adequate. Sir F. Tozer says that with a 
capital of £100 a man should be able to manage. 
By combining daily work with other forms of 
culture, the achievom(‘.nt of success has been 
made easier than was formerly ib(^ case. The 
price of agricultural farms is not less than 10.s. 
an acre, btit as miudi a.s 1,280 acres ean be scikxjted 
by om.? pcr.son. Of farms other than agricul- 
tural farms, ten years’ residence is necessary to 
obtain the frei4u)ld. In the year 1004, 136,000 
acres of land were sold for agricultural farms at 
an average priei* of 16s. lOd. per aero, but land 
not exceeding the limit may also bo bought 
without conditions at an upset price of 13s. 8d., 
or rent(*d at 5 per cent, of the purchase price. 

In the ease of liomesteiuls not exceeding 
640 acri'S. special facilities are given for acquiring 
the fret4iold; the settlor must pay 3d. per acre 
per annum, and 2.s. 6d. to 10s. per aero in im- 
provements, w hen, luiving resided on the land or 
near it for five years, and finally paid a sum 
wdiich, with the rent already paid, makes uj) 
2s. Od. an ai're, he is entitled to the fnx'hold. 

Grazing and Dairy Farms. Grazing 
farms up to 20,0(X) acres in area are obtainable 
at an annual rent of ^d. i3er acre for the first seven 
years, but the land must be fencixl within three 
years instead of five. Leases are granted for 
iwriods of 14, 21, and 28 years, but they may 
be extended on a re-asst^sod rent. In 1904 the 
average rent of such a farm waa l|d. per acre. 

Where a farmer resides on a grazing homestead 
intemdid for dairy farming for five years, such 
land may be obtained up to 20,000 acres in 
extent; here the minimum rent is also Jd. per 
acre, but the average rent paid in 1904 was 
IJd. per acre. 

NEW SOUTH WALES 

This colony covers 198,000,000 acres. Its 
population, which has increased by nearly a 
quarter of a million in 10 years, numbers about 
1,500,000. 

Climate. The country possesses several 
ranges of high mountains, adding both to tho 
beauty of the scenery and tho diversity of the 
climate— for while snow clothes their summits 
in winter, it is practically unknown in Sydney, 
the capital of the state. The temperature varies 
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from the lowest winter experioncos of England 
to the warmth of southern Europe. There are 
dry seasons, as elsewhere, which appear at inter- 
vals, but the rainfall is usually sufficient owing 
to the precautions which are taken in the con- 
struction of reservoirs and wells, although the 
average is low in many parts of the colony. The 
heaviest average is on and near the coastline, 
where it varies from 74 in. in the north, to 29 in. 
in the south ; while the lowest fall is in the ex- 
treme west, where it varitjs from 7J in. in the 
north to 11 J in. in the south. In a word, the 
mean number of inches increases as we progress 
from the extreme west to the coastline in the 
(extreme east, and, a^in, the rate of progres- 
sion, if not quite marked, proceeds in a 
similar iqanncr from north to sfmth. 

Forests. The forests of New South Wales 
are numerous and largo, no less than 0,250,900 
jicres being reserved, while timber growing on 
j)rodigious areas may worked under a system 
of licence and the payment of a royalty. The 
woods are of many varieties, and are as re- 
markable for their beauty as for their durability 
and suitability for ornamental and utilitarian 
j)urposes. Of fiow<»ring plants Jind fwns there 
are 3,500 species of tlie 9,000 known to the 
Australian continent. Of the 1,000 examined 
by the director of the Botanic Gardens 630 were 
timbers, and 460 suitable for human food and 
forage. 

The soil of the colony is in many parts re- 
markable for its high quality, especially in the 
lower lands near the coast. Red loam is pro- 
minent in the slopes of the vast interior and the 
west, rendering the country peculiarly well 
adapted to the purposes of the farmer. There 
are, too, vast plains of loam in the grass and 
saltbush districts, and, although liable to 
drought, the fertile character of the land is 
such that a fall of rain is rapidly succeeded by 
the growth of herbage. 

In the pastoral districts, which are nuinerous 
and large, and extensively covered by saltbush, 
millions of sheep and cattle are fed with profit. 
In the purely agricultural districts the farmer 
grows the cereals, hay, vegetables, fruits, and 
sugar, while in some eases the climate and soil 
are pronounced to be suitabU^ for cotton, 
the vino, tea, and coffee. In the central table- 
lands are 12,000,000 acres, and in New England 
there are 16,000,000 acres suitable for cereals, 
hay, and English fruits, while on the vast 
slopes of tlie dividing range there is an 
expanse of country, from 100 to 150 mih^s 
in breadth and covering 40,000,000 acres, 
adapted to wheat and the vine. Other districts, 
embracing millions of acres in each case, are 
suitable for the production of maize and the vine. 

Area Under Crops. In the year 1906 the 
land on which crops were cultivated extended to 

2.838.000 acres — wheat accounting for 1,938,000 
acres and hay for 438,000 acres. Wheat returned 
lOf bushels per acre, oats 22J bushels, maize 30 
bushels, and hay 1 ton. The area under maize was 

190.000 acres. Sugar-cane covered 9,500 acres, 
and vines for wine 6,300 acres. The quantity of 
wine produced in 1905 y'os 928,000 gallons, 


against 1,086,000 gallons in 1 904 ; but in 1906 the 
area on which the vine was grown was largely in 
excess of either of these years. The yield of 
wine per acre varies with the season, but in the 
post 10 years it has never btum lower than 160 
gallons, and has reached 213 gallons. Sugar-cane 
reaches 20 tons to tlie acre. 


In the direction of livestock the colony pos- 
sessed th(^ following numbers in 1005 : 

Hoisoh . . . , . . 50S,000 

Dairy cows . . . . . . 644, 000 

Otluu* catilo ,, .. 1,(M);4,000 

Sheep 39,491,000 

Swine . . . . . . . 3lO,0c0 

She^qi show an enonnoiis increase (5,000,000) 
over 1904, and dairy cows over 50,000. The 
dairy industry is rapidly progressing, as the 
following figures sliow ; 
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<3K*i‘se, 



U». 

n>. 

1895 

‘2.l,29r>,ooo 

2,9.38,000 

1900 

41.479,000 

3.558.000 

4.22.3.000 

1904 

1 5.3,591,000 


Dairy goods are chiefly prodin^ed in factories 
ill districts near the (^oast. The milk is sold by 
the farmei’s at definite prices, but in most easels 
the work is conducted on the co-operative plan, 
so that the producer shares in the profits. Win- 
ter feeding of the stock is mudi less difficult and 
costly than in England, while the prices realised 
in London compare advantageously with tliose 
realised by English prodiuairs. Tiius, in 1905 
top prices for Now South Wales butter varied 
from 95s. per cwt. in May to 1 1 5s. in December, 
the lower*t prices being 87s. in spring. Tn 
Sydney the best brands of butter varied from 
9|d. to lljd. per lb. wholesale, and of cheese 
from to 7jd. Eggs in the same year 

ranged from 6jd. to lojd. per doz., and bacon 
by the side 5jd. to 7.}d. per lb. 

Wool. One of the chief articles of New South 
Wakis produce is wool, of which 249,0t)0,000 Jb. 
wore produced in 1904, or nearly 100,000,000 Ib. 
less than in 1895. '^Phe avoi*age ])rices realised 
in London varied from lOd. to 12} d. peril), in the 
grease, and from Is. 6d. to Is lOd. when seoiired. 

It is a fact w^orthy of consideration by tliose 
intending to emigrate, tiiat largo numbers ol live- 
stock, fruits, vegetables, sugar; and wool are 
imporh^d, tliiis suggesting that there is an opening 
for production in these directions. 'Phe bnjcdirig 
of firfit-class cattle and horses, and the j)roductioa 
of milk for the manufacture of fine butter and 
cheese, all practically ensure a good rt^turn, and 
we may take it that the accomplished cheese- 
maker starting in this, an in eithcT of the other 
Australian ooloiiies, in a dairying district, may 
realise for sale to the (.onsumer direct a larger 
sum than can possibly he obtained where 
similar goods are produced in faettories for ex- 
port. An intending scatlcr interested in dairy 
work and making himself thoroughly acquainted 
with the manufacture of fine Cheddar, Cheshire, 
Stilton, and one or two varieties of high class 
soft cheese, is always in a position to command 
a more or less lucrative market. 
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Victoria, which possesses an estimated popu- 
lation of about 1,250,000, covers an area of 
5C,(K)0,000 acres, Ijcing slightly smaller than 
Great Britain. Its climate is somewhat similar 
to that of Italy and the South of France. 
Mountain ranges form about one-fifth of the 
whole area, the remainder consists of moTe or 
1(‘SH flat alluvial soil. The country is well tim- 
IxTod, although a large area oi fefrost land has 
been cleareil, and is now under cultivation, 
natural grasses being produced, and employed 
in the fatting of cattle and shetip without the 
addition of food of any other kind. 

Climate, '.riic average rainfall, as recorded 
at Melbourne for 4G years, was 25 *(1 in., while the 
av<u'age numlnir of days during which rain fell 
yearly was 1 32. 7’he seasons are mild to warm, 
ranging from an average tempi^rature of 40 ’ F. 
in winter to Oo" F. in summer, so that farm 
work can be conducted at practically all times. 
The thermometer seldom ixuxches 100 ’ F. in the 
shcadc; but owing to the diyness of the heat, 
this temperature is not more ]K*rceplible than 
80^ F. in many other countries. For these* reasons 
the stock of the farm is left in tlie fields at all 
seasons, fattening for the market with consider- 
able ease. Whore the rainfall is slight, 
irrigation and the eon.servation of water have 
Ixien, in part, provided, but are Ix'ing puslu'd 
forward by the (government, so that large areas 
spet‘dily respond to the work of the farmer. 

'.rhe variety of crops grown is enormous on 
the Ixdter class of soils. In the north country, 
maize, lucerne, roots, sorghum— a sub-tropical 
forage plant somewhat resembling maize — 
green rape, linseed, and the grasses all flourish, 
while sugar-lx*et and tobacco arc gradually ex- 
tending, and under skilled cultivation, promise 
to Income large industries in the near future. 
The fruits know n in Great Britain grow with great 
success, wliile tlie apple is <?x|X)rted in large 
quantities ; oranges, grapes, figs, and lemons 
are also grown to a high state of ptTfection. 

Products. Among tJie chief products of 
the country, apart from tJiose mentioned, are 
wool, chiefly obtained from the Merino, the 
Lincoln, the Leicester, and crosses between the>se 
breeds ; a variety of tinned meat.s ; many varieties 
of wine ; bott led, cannctl, dried, and pulfX)d 
fruits, jam, canned and other vegetables, with 
butter, condensed milk, and olive oil. 

Exports and Imports. The value 
of the dairy produce exported in 1905 reached 
£1,8(K),0CK), the quantity of butter alone being 
36,000,(X)0 lb. weight. In the same year, the ex- 
port of wool reached £5,500,(XX) sterling in value, 
mutton and rabbita over £400,000, wheat and 
flour over £3, (XX), 000 sterling, sheep-skins and 
leather £050,000. It is estima^ by Mulhall that 
the total production in primary industries reaches 
£22 15s. per head of the population in Australia, 
as compared with £7 18s. in the United Kingdom. 
Food is cheap incompariaon with the wages paid. 

AgricuUnto is regarded as the best means 
of obtaining a Uvelii.ood. The most important 
crops, esp^ally those essential to the feeding 


of stock, ensure a good harvest under good 
cultivation. The grain yield varies with the season 
and the rainfall. In 1903-4 wheat averaged 
14 J bushels to the acre, but fell in the following 
year to 9J bushels. TTie value of the wool ex- 
ported in 1904 was nearly £5,000,000 sterling. 
There are in Victoria some 10,(X)0,0(X) sheep, 
flocks in some cases reaching from 10,000 to 
50,000 head, and the cultivation of special crops 
such as lucerne and rape is now being rapidly 
pursued for their more speedy and economical 
feeding. The production of lamb for export is 
also becoming an important factor in the agi*i- 
cultural sysUmi of the colony. As wool 
stands first as a staple., production, so wheat 
comes second, this crop Ifeing grown upon easily 
worked loamy soils which are ploughed, not 
as in England, by the single fufrow, but by 
ploughs which take tlu’oe and four furrows at a 
time. The crop is harvested l)oth by binders 
and stripi^rs, tlie latter machine taking otT 
the cars of the corn, from which the grain is at 
once removed, without cutting the straw. On larg( * 
farms, it is believed that from four to live bushels 
of grain repays tlie entire cost of growing the 
crops ]KT aero. 

Dairy Produce. Apart from the ]arg<* 
export of butter, it is estimated that 10,009 
tons are loeally consumed, and that the valiu* 
of the milk consumed, and the chtn^sc made, 
reaches £785,(MX). The value of the entire pro- 
duite of the daily is pUw?ctJ at nearly £4,000,0(X) 
sterling. There are 2(X) co-ojKU’ative butUu* 
factories in the colony, some of w4iich produce 
30 to 40 tons weekly. In the best season, 
milk is cithiu* taken to the factory and then* 
separated —the farmer taking home the skimmed 
milk — or the milk is separated at home, and the 
cream taken to the factory. The numb(‘r 
of COW'S is rapidly increasing, there having been 
an increase of 33 piT cent . during the past fiv<^ 
years, largely owing to the ludp given by the 
Government. Daiiy farms realise good prices, 
and a return of £10 per cow per annum is not 
uncommon. 

Government Land. Tlie Government, 
which purchases large estates for sub-division and 
sale to farmers upon easy terms, charges less for 
its land than the buyer is required to pay in the 
open market. The sums annually payable an* 
regarded as no more than a small rent for a num- 
ber of years. The land is all witliin easy reach 
of railways, and in many cases less than 100 
miles from the capital — Melbourne — or some 
important seaport. The half-yearly payments, 
including interest, are equal to 3 per cent, of 
the total value of the allotment, and the purchaser 
n'.ay extend the ptjriod of payment over 31 J years. 
One-fifth of the total value of the allotment 
must be ejected in the fcam of improvements, 
but these Improvements must bc^ made within six 
ears ; one-third by the end of the first year, one- 
alf by the end of the third year, and the balance 
by the end of the sixth year. The external 
boundaries must be fenced within three years. 
Settlers may make pa^^ments in advance, and 
thereby secure a Feductiem. 
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IN almost every building, oven though there 
^ he no masonry walling, the mason will have 
to provide some amount of stonework for spcurial 
positions, and in many cases to assist otluT 
tradesmen in fixing sucli work. In a very largo 
number of bri(;k-bailt buildings the sills, and 
sometimes the heads of the openings, are formed 
of stone, aq^ also the thresholds and Htc})s of 
doorways. The various stones resemble, gene- 
rally, similar stones in a stone building; but it 
is desirable, where t hey are to be used with brick- 
work, that such stones should be of a size to 
bond readily with the other maU^rial. The head 
alone may bo moulded if required, and tin; 
moulding stopped against the jamb, or the 
moulding may be carried round both head 
and jambs. Sills should always be grooved 
to receive a water bar when the w'ood frame 
.is inserted, and should project beyond the 
face of the wall and have a throat., or groove, 
on the under side to form a drip. They are 
not provided with dowi^ls when brick jambs 
are used. It is not desirabU^ to use sills under 
4 in. in thickness, and it is ladtor that they 
should bo not loss than 6 in. 

Thresholds and Steps. These are 
usually formed of solid stones of the nupiired 
size, and can, except for vei-y large o])enings, 
be obtained, as a rule, in a single stone. They 
should be built in at least 4i in, at each end of 
an opening, and be provided with mortises to 
receive a dowel lixed in the door frame. 

Staircases in stone may be formed of solid 
stone or built up of slabs forming treads and 
risers — the latter form is not generally employed 
except for outside work, and makei a cheap 
form of stair [169]. The treads are usually of 
hard York stone 2^ in. or II in. thick ; the 
risers may bo 2 in. Such treads require to rest 
upon a support at either end, or to b<' built 
into a wall at both ends ; tliey may be tooled 
or rubbed and should be bedded with a slight 
fall towards the nosing so as not to redain water. 
The edge, or nosing, of such sU^ps may have a 
slight chamfer w orked on it. In stops of a bettor 
class a small bullnose is often worked on the 
edge when a regular moulded nosing is not 
employed. In stairs of small width treads alone 
may be used, and the risers omitted. 

Solid Stone Steps. Solid stone steps 
are more satisfactory and more customary, and 
may be supported by walls or girders at each end, 
or built into a wall at one or both ends ; but 
steps exceeding about 4 ft. 6 in. in width should 
be supported or built in at both ends [173J. 
Solid steps may be rectangular in section, and 
may be constructed so that the front of one step 
merely rests on the step below it for a width of 


about 2 in. ; but such steps when used exter- 
nally are very liable to let wet through at the 
joint, and this may drip from the soflit. A 
better method of jointing is to use a rebated 
joint, or a n'bated and splayed joint [170], 
which involves, liow’cver, the use of deeper 
stones than in the former case, in which the 
depth of the stone equals the rise of the step. 

Section of Steps. Solid steps may also 
bo spandrel-shaped in section. This form is used 
only where importan<’o is attached to the ap- 
pearance of the sortll, as it involves additional 
labour, but w^ith spandrel steps a plain sloping 
soffit can be secured, and if thc^ steps be uniform 
in s(H;tion throughout their Urngth, mtich labour 
is saved by sawing th^m out to the required 
form 1 171, and iS), })ag(» 1101171; hut if the 
step Iw built in tmly at one end, forming what 
is termed a hanging iftep, it is usual to have a 
s(tuare seating for so mueh of the step as is 
built into the wall to facilitate the pinning in, 
and such st(‘j)s cainnot be sawn as described,, 
as the thickness is not uniform. The bottom 
stop of a flight is, as a nil(‘, rectangular in section, 
and, unless the /light is enclosed with walls on 
both sides, has the outer eiid form(‘d with a bull- 
nose or curtail end [172]. 

Except in eases in w'hieh both ends are built 
into walls, the outer end must bo protected by 
a railing, which is usually of iron. The top of 
('ach tread is generally mortised to leceivo one or 
more balusters ; they are. however, sometimes l(‘t 
into the vertical outer end of the stops, which is 
an advantage where the width of the stair- 
case is restricted ; in sojiie (ijises a framed 
iron balustrade is employ ( d, and may only 
re(|uir«? a standard and eorresponding mortise 
ill every third or fourth step. 

Quarter or half landings are very usually 
employed in stoniJ staircases, and can often be 
obtained in single stones ; but if not, are joggled 
or dow't'llcd as already di^scribed. 

Circular Staircases, u the space within 
which tlie staircase is to be constructed is 
not re(;tangular, but idrcular on plan, the 
staircase will formed with stojjs of wlueli 
the plan of the tread is not rectangular, but is 
wid(tr near the outer wall than near the central 
newel or well-hole — that is to say, all the steeps 
are winders [174J. In cases where the diameter 
of the space ericlos(‘d is under 7 ft., a central 
newel is a lunuvssity, and may bo used for very 
much larger plans. For staircases of small 
diameter, every step is formed so that the inner 
end is circular on plan and forms one complete 
course of the central newel, the riser of the step 
starting from the face of the newel at a tangent to 
the curve [174] ; the outer end is much broader. 
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and is built into the enclosing wall. With larger 
BtaircaseH, the central newel itself may have a 
considerable diameter. A fine example of such 
a staircase is the celebrated one at the Chateau 
of Blois, Franco, which has a richly panelled 
newel round which a stone handrail winds ; 
the steps are broad, and th(^ soffit of the flight is 
itself ri(rhly panelled and carved [184-5]. 

In other cases, however, in which the plan is of 
large size, the (iontral nc^wel is omitted, each 
step is a hanging step built into the outer wall, 
and a central circular well-hole is formed. Such 
a stairc.’ise is (les(;rib(d as an open newel staircase^ 
and is formed of spandrel-shaped steps thrmigh- 
oiit. Any hanging step, whether the plan be 
circular or rectangular, should bo built into the 
wall for in. at the very least, and 9 in. is mon^ 
satisfactory, especually if the projection of tlio 
step is considerable. 

Wall Handrail. With a wide staircase a 
wall handrail, as well as an outer one, is desir- 
able, and if the walls be of stone this is sorae- 
tirnes formed in the walling, not as a projection, 
but flush with the face of the wall. A considerable 
hollow is worked above the handrail to allow the 
hand to grasp it. 

A circular staircase may be formed with steps 
either rectangular or spandrel-shaped in section, 
but the lattor is more usual, and a continuous 
flowing soffit is fornnul. The? undtu* side of such 
stops is said to bo winding, and must bo carefully 
•set out as already <lescribed for winding surffices 
[167, page 3037]. The soffit is not always, however, 
a flowing surbicc ; in some cases every stone is 
marked by a slight projijction below the stone next 
it, marking the line of the joint, and this applies 
csqually to stones in the flights of stairs rectangu- 
lar in })lan. In a flowing soffit, a careful adjust- 
ment is retpiired wlujrever a landing occurs, and, 
if care bo not taken, a somewhat unsightly curve 
may be produced. 

In oases in which the end of the steps are 
built into a wall, which need not he built higher 
than is necessary for the staircase, the wall may 
l>e flnished with a simple coping. 'Phe wall itself 
is finished with a raking lop conforming to the 
slope of the staircase, and the coping is placed on 
this wall, kneelers being used at intervals to render 
it secure. In handsome staircases, constnicted 
of stone, such a coping may be richly moulded, 
and may form, in fact, the base of a balustrade, 
formed of balusters witli a capping, or a 
wrought-iron balustrade may bii employed [188 Ej. 

In many cases this coping is quite plain, Jjcing 
formed either with a semicircular cross-section 
or with two’ splays to the arrises, and such copings 
are also often used to finish area walls, and in 
similar positions. 

Stone Corbels. Stone corbels arc often 
required of different forms. They may coivsist 
merely of slabs of York stone 3 in. or 4 in. thick 
built into a wall so as to overhang w'heii it is 
required to support a projecting pier or chimney 
breast in an upper floor [175], or to form a core 
for a projecting cement comice [176]. This 
. form of carl)ol for chimneys has the advantage 
that it may bq formed entirely in the thickness 
of the floor, and so be concealed from view. 
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Corbels are also not infrequently required for 
carr 3 dng plates [177], and if these are visible from 
below, they arc generally given a more or less orna- 
mental outline with the assistance of a moulding 
or group of mouldings, and possibly carving. Such 
a corbel must l)e let into the wall for at least 
half a brick, and better for a full brick, or even 
to a greater extent if the corbel be a large one. 
It should not be placed at the toj) of the wall, for, 
to ensure sUibility, there must Ik» a sufficient 
mass of brickwork or masonry above the built-in 
end of the corbel to resist the tendency which 
the load on the project ing part exerts to over- 
balan<;e tlic stone. 

Templates — Engine Beds. Those are 
formed with slabs of stone placed under a con- 
(!cnirated load such as that produced by the end 
of a loaded girder [179] or the bas^of a column 
or stamlnon [183], or of an engine or piece of 
machinery, so as to distribute its weight over a 
sufficiently large area of brickwork to ensure 
that no fracture shall occur. If the end of a 
girder heavily loaded were laid directly on the 
brickwork, it might crush tin** individual bricks 
on which it reslt^d, and the template is intro- 
du(;ed to prevent this. The area of the template 
is governed, therefore, by the total load to be 
carried and the load that 1 ft. superficial of brick- 
work will suppoi't. It is fjirther necessary that 
the template itsiilf should not ho overloaded, 
and the gird(‘r or base-plate must bear directly 
on 8u<*h an area of the stone as will avoid the 
safe crushing load of the material of the U5m- 
plate from being exceeuled. Sueh templates are 
usually formed of York stone, which is laminatcHl, 
and the upper and lower beds are formed with 
little labour. The edg(*8 that arc exposed to 
view are usually tooled, but may be rubbed, 
and the face of the template may, if recpiircd, 
Im) finished as a corbel, projecting slightly Ixjyond 
the wall face. A ttnuplate is })lacod under each 
end of all girders except the small girders in the 
thickness of a concrete floor, and under the ends 
of wood girders and the principals of timber 
roofs. 

'remplatos under the bases of columns and 
stanchions often re([uire to have iJerforations 
formed througli th(un for liolding down bolts 
which pass through both the template and base- 
plate, and are secured to a large iron plate built 
into the pier at a lower level. When such per- 
forations are required either for a column as 
described, or for bolting down machinery, a 
wooden template or mould, giving the exact 
position of the bolt-holes required, is prepared 
by the carpenter, and the stones with their 
perforations are worked from this. 

Cover Stones. Cover stones are used where 
a wall of brick or stone is earned by a girder, 
whether of timber or iron [178]. The flange 
of the girder is in many cases narrower than the 
thickness of the wall, and it would bo difficult 
to bed bricks on the girder with uniformity. 
Slabs of York stone, equal in width to the 
thickness of the wall to be carried, are first 
bedded on the girder, and the wall is then 
commenced on these slabs. The edges do not 
show, os a rule, and need not be carefully finished 
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The slabs, which are usually 3 in. or 4 in. thick, 
should be in moderately long lengths. If the 
girder be a riveted one, the heads of the rivets 
must be packed up flush in neat cement, to 
secure a true bed for tlu^ stone, which is bedded 
usually in cement or mortar. 

Covers to Manholes. Covers to man- 
holes are generally formed of a slab of York 
stone 3 in. or 4 in. thick, in which a perforation 
is worked with a rebated edge to receive the 
iron frame of the manhole cover. 'The stone is 


and are laid and bedded in lias lime or cement 
mortar, and shoidd have a fall of J in. in 1 ft. if 
exposed to the weather. Portland and pther 
stones may be used in the same way, and 
there are several artiti(ual stones on the 
market which are excellent for paving. Internal 
basement passages and the lloors of some 
basement rooms may Ih' })aved with similar 
stone, either tooled or rublxKl, and on a kiUdicn 
a strip of such stones is provid(xl under the 
range, and sometimes as a bi>rder round the 



m 169. )Tont 5Tt» 
ropriDODutCD 



JTSMP — 
nMUKurvotn 


Rwnt9 mr 
ttmiitum 

vMunou) ntmom or 
i(WfTin«)OLD>TOnL)UR> 



171 mm, JwfiPtD 
JllWWITfl 11/105 uri 
5Q(M0i rwMPmc in 




(Wm>TEP^ 

172. OPW mt-Wlt 5TOKWX. 




i75.5iDnccnnKir()eAci«m 


176 Trent ORKIUM 1771 (ORKl 
rvaMioaiinKt. rormiFLATC 



in]«itiiMnn>MQ(i«nN. iSlnMorAiUTcnm 



ITS. mm 17! me Ti/tpuirt TO 
wnnaMtoMDiit tworosou. 



PIM-A. 


lUmitMemfMKnan 


bedded in mortar on the walls of the manhole, 
and the iron frame is beddPd in cement in the 
rebate. 

Stone Paving. Stone paving to yards, 
areas, footpaths, etc., is generally formed of 
York stone slabs about 2J in. thick, cut, whore 
required, to fit any special position, and laid 
in straight parallel courses so as to break 
joint. The stones are usually required to 
average not less than 7 ft. superficial in area. 
They may be laid on a layer of hard broken 
bricks, well consolidated, or on a bed of concrete. 


room. For inbumal work, the stones arc laid 
flat, without fall. 

Hearths. Hearths, and in particular back 
hearths — that is to say, the portion laid under the 
grate in the recess formed in tIVe V)rickwork — are 
frequently formed of York stone. The back hearth 
1180) is usually 3 in. thick, the front hearth 2 in., 
but in many cases substitutes are used for the 
latter, such as tiles or marble slabs where a better 
appearance is required, or, where cheapness is 
important, cement. Stone slabs are sometimes 
built in between small brick piers to form the 
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shelves in wine eellars, and the stone may be working on an iron pin oi pivot. These pins 

used as it is split with the front edge tooled. project upwards from an iron bar of which the 

Granite Paving. Granite paving comes inner end is usually split, bent outwards, 

rather under the dtipartment of road making, made rough in forging, and let into the upper 

but is sometimes required for yards and tlie surface of a stone block termed a hook stonet 

entrances to them. A kerb is usually riiquired o-nd run with lead or cement. The stone, 

where a footpath is to be formed, and is generally with the hook inserted in it, is built into the 
12 in. by 6 in. in section, and 3 ft. to *1 ft. in gate pier. 

length. Aberdwm and Norwegian granite are Decay of Stone. The usual causes of 
much used, and are finished with a fine axed face decay in stone have becui already referred to, 

on the exposed sides, and the heading joinUi arc and with the softer .stones decay sometimes 

drafted and jointed in cement mortar. The kerb begins to set in within a comparatively short 

maybe laid on edg(j without a concrete bed, unless time of their employment. In any position in 

the foundation be bad ; but if laid flat a laid of which it may be foreseen that stonework will 

eoTierefe is desirable. In road making a small be lixposcd to such influences as are likely to 

quitdrani stone, not le.ss than 18 in. in rmlius, destroy it quickly, it is desirable to select n. 

is iLsed at the angle where the kerbs of two stone suited to resist these influences to the 

roads meet, hut in forming the entrance to yard utmost. If the expense of siurh ^ stone be 

gates a larg(U‘ and easier so great as to be pro- 

sweep is often desirable. 

1'lie kerb forms th(i 
edging to the footpath, 
and a guide to the 
wheel of any heavy 
vehicles entering the 
yard. '’Ilio surfaces of 
the entrance itself is 
usually formed of sdts 
of granite or other hard 
stone. These arc small 
blocks, usually 3 in., 

4 in., or 5 in. on face, 
and about 7 in. deep, 
and should be of the 
same size throughout 
their depth. They are 
laid in |mrallel c.ouvstis 
in fine gravel on a thic*k 
bed of concrete, grouted 
in cernont, and well 
rammed with a heavy 
rammer to secure a true 
and even siirfac^e. 3110 
channel between the 
kerb and the carriage 
road is formed usually 
of three or four rows 

of similar setts, simi- 184. termination op newel, chateau of results. Recently, at 
larly laid. blois, prance Westminster Abbey, 

Spurstones. Spur- stonework under cover, 

stones of granite or other very hard stone are which hod seriously decayed as the result of the 
often provid(?d to the piers of gateways where attacks of an acid-laden atmosphere, has been 

much heavy traflie occurs. Tliey consist of blocks hardened by the application of a solution of 

of granite rounded in form and usually tapering carbonate of barium, under the advice and 

slightly towards the upper end, and placed so as superintendence of Professor A. H. Church ; but 
to cover the salient angles of the opening. Their several applications of ihe solution have been 

obj<?ct is to protect the softer material of the wall necessary, and the process cannot bo so well 

from damage by the hubs or rims of the wheels applied te exposed surfaces. Moreover, the solu- 

of any car te entering and leaving ; they should tion is poisonous, and special precautions must be 

be tall enough above the roadway to turn aside taken to guard the health of any workmen em- 

the hub of any cart likely to use the entrance, ployed on this process. Ceresine, a refined W'ax, 

and in some co^es should bo tall enough to has been applied either by means of an electrically 

protect the walls from damage by the tail- heated sprayer, or dissolved in spirits and used 

board of th(‘. cart if a sharp turn has to be like an ointment, and after 24 hours melted into 

made immediately on ksaving the yard. tllfc pores of the stone by a heater. This fills the 

Hook Stones. Yard gates, whether of pores of the stones and prevents the penetration 

wood or 'ron, are generally hung to piers of of wet, and is reported on as being found per- 

brick or masonry by means of large iron hinges manentJy efficient in arresting decay in masonry. 
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hibiiive, it is best to 
abandon tlu' use of 
.stenc rathiir than em- 
})loy a material which 
i.s badly adtpted to its 
purpose, and whiesh will 
in a few years begin to 
ptTi.sh. Th(^ dir(;(!tions 
already givcm as to 
l)(‘dding the stones 
should be carefully 
attended to ; but with 
every po.s.sible cart) de- 
cay is apt to set in 
sooner or later. When 
it begins, as a ruk', it. 
first attacks the sur- 
face, and works by 
degrees furtht'r and 
further into the stone 
iinles.s the pjoeess be 
arresttnl. iTiis is a 
.troublesome and 
usually a difficult 
matter. There are v ari- 
ous patent solutions 
on the market for which 

the lYinkers el aim anod 



BUILDINQ 


Protection of Masonry. Masonry, like 
brickwork, must bo protected during construc- 
tion from the effects of frost; and, further, 
as the work is often delicat-e in character, 
it requires protection from accidental injury. 
It is usual to case up all salient angles and 
projecting mouldings with wood easing after 
lixing. Die eases being left in position till the 
cleaning doAvn takes place. If tlui casings are 
nailed into the masonry joinhs, damage may 
be done, and, at any raU', rust stains produced ; 
and where single boards are used for easing, 
an excellent method of lixing tluMii is to build 
into the joint above the stone to be proteeUnl a 
strip of stout 5iinc, and the outer end may be 
turned down and nailed to the back of the 
board. If such strips bo inserted every few feet 
they afford • good lixing, and when the work is 
cleaned down the projecting end may be cut off. 

St(‘ps and staireasi*s may be eased up in 
wood, but may also be efiiciently protected by 
b e d d i n g hard 
tiles upon the 
treads in lime. 

The tiles are re- 
movi’^d and the 
surface cleaned 
dowm upon com- 
pletion. 

Marble. 

Marble is a 
variety of lime 
stone consisting 
of pure carbon- 
ate of lime. It 
has an exceed- 
ingly fine tex- 
ture, and can be 
brought to a 
very fine face 
and polished. 

The material 
varies greatly in 
appearance ; it 
may bo of the 
purest white, 
such as that quarried from Mount PenteUcus, near 
Athens, from which the famous Greek buildings 
on tho Athenian Acropolis were construcUid ; 
blocks of immense size were in many cases 
quarried for the purpose. 

Veined Marbles. Other marbles arc 
coloured and often richly veined, and show a great 
variety of tints. They do not all weather well, 
but for internal use many of tho marbles are 
extremely suitable, and were used by the Homans 
and Byzantines for internal decotative effect with 
great success. Slabs of marble of richest colouring 
were arranged in panels and as rails and styles 
enclosing panels, the colours eontrashid and 
relieved by bands, sometimes quite narrow, of 
white or nearly white marble [186 A & FJ. 

Marble is rarely employed as a building ma- 
terial. It is one of tho stones that, apart from 
the labour of working, has an intrinsic value 
from its rarity, and, except in tho neighbour- 
hood of quarries, it is not usual to use it in thick 
blocks for actual constructive work in walls, 


though this is occasionally done. It is not 
infrequently employed fur columns carrying 
loads, iiK'ludiiig both caps and bases, though 
ilieso are sometimes exi5euU'd in bronze. The 
Greeks, when they built in marble, used no 
mortar b(^d betwct'ii successive courses, but tho 
stomps worked very true to a lino face, 

and in many causes rubbed one upon the other to 
ensure a perfectly true and (iven bearing ; this 
was fiartieiilarly the ease with eolumiis built 
up of a succession t)f tiriims of stone one above 
another. The bedding joints were thus truly 
\vork«‘(I, if not over the (Uitiri^ surface, over tho 
greater part of it, but in the heading joints, 
which do not take a direct load, tho joint was 
limply worktid all ronml the edge of tho stone 
for a certain thickness, and tho centre of the 
jaint was worked somewhat hollow to save tho 
labour of tinishing the whole surface. 

Tho stones in suecessivo courses were heUl 
together hy motal cramps, usually of hroii/.(^,simk 

into tho ston(‘H 
in the cjiso of 
e o 1 u m ns of 
slender propor- 
tion, and built up 
of a succession 
of druiiLs; bronze 
dowels were 
often omployi'd. 
This system of 
construction is 
admirable, hut 
very lavish in 
the employment 
of labour, and 
when marble is 
employed striie- 
i 11 r a 1 I y in 
modiun work a 
li n 0 bed of 
powdered stone- 
dust and lime is 
very generally 
used for setting. 
Portland cement 
should newer bo vised for any work connected 
with marble wdiether used structurally or 
merely dvH’orativoly, as it will stain the marble, 
and if marble he used as a facing to v^alls 
built in cement, the back of tho marble slabs 
should he jirotectod wdth a slurry of stone-dust 
and lime, as aln^ady des<*.ribed for limestone. 
Marble.s wdien used externally are often brought 
to a lino taco, but not always polished, a« the 
polish sometini(?s dovis not stand well. Most 
internal work is pvilished, as tiiis brings out tho 
natural colours of the marble, and increases tho 
effect and contrasts. 

Preparing Marble. Marble is usually 
supplied in large, blocks. It is sawn up into slabs 
of the rcviuired thickness by a frame saw similar 
to that already described for freestones. Marble 
is afterwards rubbed with coarse and then with 
fine sand, and for some purposes is left with 
a sanded face. It may subsequently be rubbed 
with hone .slates and polished by hand or by 
machinery. Carved work is finished with glass- 
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paper. The grounding of the best work is effected 
with fine emeries, and the polishing with putty 
powder. 

Enriching Marble Surfaces. When 
marble is employed, it is important to remember 
that splendid effects of light and shadti arc to 
be obtained without the necessity of deeply 
Blink mouldings or deep undc^rcutting. Mould- 
ings of comparatively slight projetdions, if the 
contours be well arrangeil, will cast a fine, well- 
defined shadow, and will be idfective in a marble 
that is nearly or quite white. Whore marbles 
of a veined or mottled surface are used, they 
aro usually best left unbroken by fluti^s or 
channels, which, in such examples, often fail 
to improv(3 the surface appearance but tend 
to confuse it. A very beautiful effect is obtained 
when it is intended to use carved enrichment 
for panels, friezes, ob;., by leaving the back- 
ground of tiie carving finely tooled and polishing 
the carved surface [136C|. 

Marble as Wall Lining. Marble forms 
a beautiful and cleanly wall lining. As already 
pointed out, it lUcay be used in panels framed 
with strips of marble of another colour, 
and both the panels and the enclosing strips 
may, if dwired, be richly veined marbles. Avery 
beautiful effect may bo produced by selecting 
for a panel a small block of marble well coloured 
and richly veined ; thin slabs about J in. thick 
are cut from this, and by reversing the alternate 
slabs so that the surfaces aro displayed side by 
side like the open pages of a book, the veins 
produce an approximately but not severely 
symmetrical figure [188AJ ; four such slabs may 
be cut from a block of suitable size and arranged 
round a central point in the panel with good 
effect. In such a position as a dado, the slabs 
may bo reversed alternately and a wavolike effect 
will be produced, as in the well-known example 
from the apse of the Basilica at Torcello flSSB). 
Such wall slabs may be fixed in plaster of Paris, 
and aro further secured by copper cramps lot into 
the edge of the slab and pinned into the wall. 
1’he first cost of 8U(;h a lining is high, but the 
effect is rich, and the wall finish is a perma- 
nent one. 

Hospital Work. Marble is selected fre- 
quently for lining the walls of operating 
theatres in modern hospitals, partly owing to 
the cleivnliness of the surface and the small 
lodgment it offers to disease germs, and also to 
the fact that many kinds of marble can be had 
in verjr large slabs, so that there will be very 
few joints on the surface. Such a lining is not 
selected primarily for its beauty, but for its 
utility, and for such purposes no nmuldings 
are worked, the surface being as far as possible 
unbroken. In some hospitals even the doors 
of such theatre.^ are formed of slabs of marble 
supported by heavy gun -metal hinges from a 
marble frame or lining. 

Marble Floors. Marble has been used 
for floors since Roman times, and makes a 
very beautiful floor, and one that stands wear 
well. The marble may be used in the form 
of slabs or tiles of uniform size, and of on© colour ; 
or two or more colours may be used, and the tilas 


varied in form and size to produce a geometri- 
cal pattern. In such cases a border is usually 
arranged for. The tiles aro bedded separately 
like ordinary tiles, but the bed prepared tor them 
should bo prepared with lime, not cement, and 
mortar floated to receive the tiles, which may bo 
set with fine lime mortar. 

A very beautiful marble floor, known as 
Opus Alexnndrinum^ is sometimes used, and 
was much employed in Italy during the media?- 
val period. In this work large, fairly thick 
slabs of a white or cream marble aro used. 
Designs consisting of broad bands surroimding 
central square or circular figures aro set out in 
the marble, and the face of these figures is sunk 
for a depth of about half an inch, and the spaces 
thus sunk aro filled in with a kind of mosaic 
formed wit li richly-coloured mar bleff. The central 
circular sinking is tilled with a thin slab sawn 
from a column, the broad lines of mosaic being 
separated from the centre and from each other 
by the original white surface of the main slab. 
Floors of great extent and magnificence have 
thus Ix^en formed. A splendid example is to bo 
see!) in the choir of Westminster Abbc^y, London, 
and in many Italian ehiirehcs [186DJ. 

The use of marble in tln^ form of mosaic and 
terrazza floors has been already dealt with [see 
page 2516J. 

Special Uses of Marble in General 
Building. Where there is no general use of 
marble in a building, it is not infrequently intro- 
duced for certain special work, and the purposes 
for which it is most frequently used aro the 
following : Hearths may be formed of slabs of 
marble varying from J in. to 1 J in. in thickness, 
and those may bo provided with moulded kerbs 
of marble ; such a kerb is sometimes used witli 
other t han marble hearths. The kerbs are made 
in as few pieces iis possible, dowellcd with slate 
or copper dowels to each other, and to the 
hearth, or the concrete under it, and sot in 
stono-dust and lime. Tho edge may bo rebated 
to fit over the hearth ; if angles occur,’ they are 
worked and mitred on the solid block to fit 
up against the next block. 

Chimney-pieces. Marble chimney-pieces 
aro very much used. Tho best of those employ 
solid marble, often of a pure white, which allows 
of carving or sculpture being judiciously applied 
but cheap chimney-pieces are made up from 
thin slabs of marble which aro blocked out 
and set with plaster of Paris and secured to the 
wall with copper cramps. Some of the cheaper 
classes of marble aro much employed for such 
work, the slabs used in the jambs and frieze 
being generally from J in. to 1 J in. thick ; the 
shelf at tho top, the edge of which is moulded, 
is usually thicker. The boxings should be 
solidly filled in, or smoke may penetrate and 
discolour tho marbles. Slabs of marble with a 
moulded edge are often used to form the bottom 
of a niche or arched recess in a wall, and for the 
tops of casings to coils and hot-water pipes. 

Lavatory Tops. Lavatory tops are often 
made of Sicilian and more expensive marbles ; 
a perforation must bo made, and the edge 
of this is rebated to receive the rim of 
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the basin. Sinkings are also dished out to 
receive the soap, and there is frequently a small 
skirting of marble run round the back and sides 
of the slab where it abuts against a wall. The 
skirting may be let into the slab with a rebated 
edge, and is fixed against the wall with brass 
screws, for which perforations and counter-sunk 
heads are required in the marble, and wood plugs 
must be driven into the wall. The main 
slab is usually carried by brackets of iron or a 
.skeleton-framed top [see Joinkry]. Staircases 
and single sl-eps and also thresholds arc fre- 
quently formed of marble. The latter are 
particularly suitable in combination with a 
mosaic or terrazza floor. As a rule, such steps 
are built up with treads and risers of marble, 
owing to the extreme cost of solid marble steps, 
especially if provi<lod with a mould<^d nosing, 
which involves sinking tin; whole fac'c. Such built- 
up steps must have a solid core of stone or lime 
concrete, or even brick, 'rho risers are usually 
about 1 in. thick, the treads abotit 1.^ in. thick, 
and such a tread may have a moulded nosing 
formed at comparatively slight expens(^ The 
slabs are usually set in stone-dust and lime. 
It is not desirable to polish either steps or land- 
ings, or floors executed in marble, as it rendci*s 
them slippery, but it is sometimes done to 
enhance the effect, of the marble. Tlic surfac;e 
should he finished with fine sand, which leaves 
the marble somewhat duller in appearance, but is 
much more safe and suitable for traffic. 

Slate Masonry. Slate in the form of 
slabs is used for many purposes in connection 
with buildings, and is valuable for its great 
strength, especially under shearing stress. It is 
the same material as is used for roof slating, but 
is much thicker. This form of slate is supplied 
as self-faced —that is to say, just lus split, with a 
fairly even but not perfectly true face, or as 
satvn slate, which still has a rough surface, but 
one that is fairly true. It may also be quarry- 
planed, possessing a finer surfiico, or it may bo 
finally rubbed. The edges of t he slabs may bo 
sawn square or planed or rounded. 

Slate will not take a high polish like marble 
or OTonite, but becomes very smooth and glossy, 
with a close, even grain. It is almost non- 
absorbont, and is used for shelving in larders, 
where siich properties are of great value, and 
the small thickness occupied by such shelving 
is Murthcr advantage. 

It is used as split in slate districts for landings, 
thresholds and steps, and for such purposes is 
usually about 2 in. thick ; it is also used for 
window sills, but differs in form from a stone 
still, and consists of a slate slab set at an angle 
so as to throw off the rain. 

* Wine-cellars are often fitted up with split 
slate shelves supported on half-brick piers, 
which should not, as a rule, be more than 5 ft. 
apart. Wkere the slabs are jointed, a simple butt 
joint is used, which should occur directly above 
oiie of the piers. 

For lai*<iers, bread and vegetable stores, and 
similai^ rooms the shelves are usually about 1 in. 


thick, with rounded edges, and with the uppei 
surface and the edge rubbed. Where joints arc 
required, they aro rebated and put together with 
oil cement. Such shelves are often not pinned 
into the walls, but kept clear of them, a spaci^ 
of about 1 in. being left for ventilation. They 
may be supported by glazed brick piers, or on 
cantilevers of iron, or of rubbed slate pinned 
into the wall in cement [182J. The bottom 
shelf in a tier of shelves is sometimes not kept 
clear of the wall, but pinned into it, and if the 
wall be pliistered, may have a small kerb or 
skirting fitted above it all round ; such a skirting 
is usually about (5 in. in height, and § in. to J in. 
thick, and may bo soeiired with brass screws, 
as described for a marble skirting. 

Slate Divisions. Slate divisions are some- 
times formed for baths and for uiinals, usually 
about I in. Ihic^k, and the thinness of such parti- 
tions wliere many occur is a great economy of 
space. In urinals they may be employed for 
divisions between successive stalls, and are very 
frequently enamelled either in a plain tint or 
to imitate marble. Enamelling is executed by 
first painting the slabs with a ground coating and 
burning it in : the surface is then rubbed down 
and decorated as required. It has then throe 
successive coats of enamel, of which the first is 
heated and rubbed down, and the second and 
third are successively burnt in at a tomporature 
of from 3(M) to GOO degrees, and it is finally 
polished. Enamelled slate will stand for a 
eonsiderabhi period, even if used externally. 

With the modern standard urinal they are 
used to <‘ov(5r the front between adjactmt stan- 
dards, and to cover the top of tliem in many cases 
also, and aro genera lly screwed to wooden wall 
plugs with co])per screws, for which perforations 
with eoimtersunk heads are provided. Slate 
lavatory tops ai'e used, and are prepared in the 
same way as the marble tops already described, 
and fitted with a slate skirting. 

Slate Cisterns. Cisterns of slate were at 
one time much used, and are cleanly, but, being 
of very great weight and expensive, are not very 
generally used now ; but in connection with 
brewing, slate is largely used for the settling 
backs, which are practically cisterns. The 
bottom of the cistern is foi*med in a single slab, 
I i in. to 2 in. thick, grooved to receive the walls. 
These walls are usually 1 in. to 2 in. thick, and 
are formed with two sides about 4 in. longer tluui 
the outside dimension of the cistern, and arc 
grooved about 2 in. from the end of the slab to 
receive the remaining two sides. Holes are also 
drilled, and the two ends are fitted into the 
groove in the sides and put together with red lead 
cement ; galvanised irpn rods are passed through 
the holes, fitted with nuts and washers, ami 
screwed up tight [181]. Any holes required for 
pipe connections must be drilled ia the slato 
sides. Slate sinks may be formed on the same 
principle, but are comparatively little employed. 

Some amount of sawn slate is used m con- 
nection with rpofing, but is referred to in the 
section on Slating and Tiling. 


Masonry concluded 
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pDWARD III. was followed by Richard II., 
^ son of Edward the Black Prince and gi and- 
son of the late sovereign Richard, who was born 
at Bordeaux on January Gth, 1367, wiis only a 
child when he succeeded on June 21st, 1377, 
and the government was put into the hands 
of a council of twelve of which John of (^aunt 
soon obtained complete control. 

The Boy King. The boy King began his 
reign under trying conditions. The war still 
going on with France had exhausted the finances 
of the country, famine had spread over many 
parts of the land, and one of its habitual results, 
pestilence, had worked terribh* ravages. There 
had been great uprisings of the jH'asantry in 
many agricultural districts, organised with the 
hope of compelling the Government, the 
aristocracy, the landlords and the wealthier 
classes to give the labourers means of obtaining 
food that they might eat of it and live. The 
council endeavoured to supply the wants of 
the State — the rc'sult of the cost of war and 
► the extravagance of the Court — by the im- 
position of a new Poll Tax, an imposition likely 
at such a time to be felt intolerable by the 
mass of the people. An army of men from 
Essex and Kent, numbering, it was said, 100,600, 
marched upon the metropolis. The boy King 
behaved with promptitude and courage, and a 
judgment beyond his years. He went to meet 
the Essex division of the army at Mile End, 
and assured them that he would look into the 
causes of their complaints and would do his 
best to abolish the system which made them 
the mere serfs of their landlords, and to secure 
them the payment of regular wages for their 
services. The King's influence prevailed so 
Ut that the men of Essex declared themselves 
wiUing to accept his promise® and return home. 

The ReTolt of Wat Tyler. The men of 
Kent, however, whom Richard had not seen, 
marched into London, destroyed the palace 
of John of Gaunt, who was held responsible 
by the public for all the troubles of the reign, 
made a wissok of Temple Bar, opened all the 
prisons they passed, broke into the Tower and 
put to death, amongst other victims, Simon 
of gudbury, Archbishop of Canterbury. The 
authors of these outrages were chiefly under 
the command of Wat Tyler, and the fury against 
tM archbishob had risen to its height because 
the ki revolt believed he had prevented 
tlw from omning to meet them and hear- 
bf. (iuw grtevanoee. Wat T^ler will always 
^itmwmbered among the leaders of peasant 
According to traditions generally 
~ Wat waa a blacksmith wortung 
ord, Kent, whA a tax-gatherwr going 



his unwelcome rounds to collect the Government 
imposts offertsl a wanton insult to the daughte|' 
of Tyler, 'fyler struck him to death on the 
spot. Thereupon the great body of the peasant 
and working population in that region rose in 
revolt against the constituted authorities. 
Wat Tyler and a colleague of his, known as 
Jack Straw, became engaged in the movement 
upon London, and were amongst its most 
influential promoters. 

** A Socialiat before Socialism.** A 

Kentish preacher, the Rev. John Ball, had 
been for some time a popular and powerful 
exfxment of the cause of the poor, had denounced 
with impassioiunl eloquence the oppressive 
taxation, the inequality of class legislation, the 
wealth and dignities absorbed by the higher 
classes, the poverty and servitude influ*ted on 
the lower He was, in fact, a Socialist before 
Socialism had become a recognised movement 
in Europe. John Ball helped the popular move- 
ment in Essex and Kent, and was put into prison 
by the authorities at Maidstone. When the 
uprisen peasants marched towards London they 
accomplished his release by force from Maidstone 
gaol, and probably the passionate fet^lmg aroused 
by his imprisonment inspired the fury which led 
to the killing of the Archbishop of Canterbury. ^ 

The King, disregarding the influence of Arch- 
bishop Sudbury, had actually conferred with a 
large mass of the peasants who met him by chance 
at Smithfield Wat Tyler wa.s at the head of die 
peasants, and Richard endeavoured to convince 
them of the terrible dangers they were bring- 
ing even on their own cause by acts of violence 
and crime. 

Richard and the Peasants, He told them 
that while peace must bo maintained and crime 
punished he would do his Ix'st to procure a fair 
hearing for their rightful claims. An attempt 
was made to conduct a pacihe negotiation, but 
flerce disputes took place. Some sharp words 
passed bctwwn Wat 'Fyler and the Mayor of 
London, William Walworth, which the Mayor 
brought to an end by striking his dagger into 
Tyler's body. Then shouts of “ Kill, kill ! They 
have killed our captain ! ’* arose from the 
peasants. The young King rode boldly to the 
front and called aloud to the peasants that he 
would be their captain as he was their Kindj , 
and that if they followed him he would obtain 
a hearing for their claims and endeavour*to have 
justice done to them. The peasants him 
at his word, and tliere came a peaceful interval, 
during which Richard did his best to obtain 
the removal of such grievances as he felt to be 
actual oppression. But this was a task which 
Richard was not able to aeq^mpUsh fully. 
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although his influence prevailed so far that John 
of Gaunt began to keep himself in the back> 
ground, and, in 1386, withdrew to the Continent. 

Struggle between Barone and People. 

The King was opposea in all bis efforts by the 
influence of the barons, and it did not seem 
as if the serfs and peasants were wry much 
nearer to. tb(' measures nf justiee \w had 
endeavoured to oi)lain for them The revolt 
broke out again in tlu* eastern eounties, and 
masses of peasants captuied several of the 
nobles and ravaged their castles and demesnes. 
The death of Wat Tyler seems to have with- 
drawn from the peasants anything like union 
of action or roasonableiu^ss of policy, while the 
barons were convinced that by his removal the 
most dangerous enemy had been got out of 
their way, and that they could do nothing 
better than continue to force their policy on the 
young King. Richard made many efforts to 
obtain a constitutional and even a ])arliamenta»*y 
settlement for the evil conditions oppressing so 
many of his people But the struggles between 
the barons and the jieasants t>nly lM»eHme 
Bhar|>er, and as Richard’s years increased, his 
noblest qualities seemed to fad*. He began to 
display a curiou.s spirit of contradiction. When 
ho had tried one policy for a time, he suddenly 
turned round and experimented in a directly 
opposite course. Having siqiported the jx'a.santi’y 
so long, and finding that they continued to 
make war upon the barons, he joined the b.irons 
in the repression of them. Some of the severest 
measures for the repression of the revolt, some 
of the cruellest deaths and other punishments 
inflicted in the counties of Essex and Kent, were 
done with his approval and even by his orders. 
Each time ho seemed to be convinced that the 
policy he was then undertaking w'as the policy 
best qualified to bring security to the throne 
and peace to the realm. 

The King's Dramatic StroKe. He got 

into trouble w'ith Scotland, and in 1385 he invaded 
that country and bunit Edinburgh to assert his 
power. Another coalition of the barons took 
place soon after, head<*d by the Duke of 
Gloucester, and })laiined for the purpose of 
open opposition to the King. The Duke of 
Gloucester w’as Richard’s uncle, and under 
his leadership the "coalition impeached many of 
the King’s friends and convicted and executed 
several of them. On May 3rd, 1389, Richard 
suddenly tried a bold and somewhat dramatic 
effort to obtain the real sovereignity of the 
kingdom. He declared himself of age — w’^hich, 
in fact, he was although he seemed then to 
discover it for the first time — and announced 
that he intended to conduct his ruD for him- 
s^f whether the barons would -dr not. The im- 
mediate effect of this was wholesome and 
benefloent. He did not make any effort as a 
•result of this* declaration to assert an arbitrary 
rulership, but j^overned the country as a con- 
stitutional mpxmrch, and did his best to extend 
the representi^ive capacity and powers of Parlia- 
ment. country shad some ^ight years of 

eompsuA^ive^peace and prosperity. 
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Dggpdiigm and Ahdioation. In 

Richard's wife, Anne of tBohemia, died, and 
within two years Richard married Isabella, 
daughter of Charles VI. of France. As the 
immediate effect of that untoU he so^ms to have 
become a thorough admirer of the French system 
of government, for ho set about_to rule England 
«s if ho were a^ohito monarch, wuth a total dis- 
logaid for fhat parliamentary principle he had 
himself done so much to maintain. Ho accused 
Home leading nobles of eonspirac'y against him- 
Hclf. Homo were imprisoned, one died on his way 
to p'^ibon in France, one was executed, and the 
Archbishop of Canterbury was banished. The 
Duke of Hereford, John of Gaunt’s son, was 
accused of treason and banished for ten years. 
The following year John of Gaunt died, and 
Hereford became Duke of Lancaster. Richard 
went to Ireland for the purpose of completing the 
work of conquest there, and the Duke of Lan- 
ca* tei. Richard's own cousin, w'os then prevailed 
upon by one ot the banished archbishops to 
liurry to England and assert his own claims to 
Ihc (Vown Richard ha*.teiicd buck to England, 
but lie canu* too late Henry, Duke of Lan- 
cast<‘i. who had reached England at the head 
of only a small force, found that his army grew 
and grew «is he moved tow aids the capital, where 
he received the support of some of the great 
familie*>. and soon the Duke of York, whom 
Rithaid had left to act as Regent in his absence, 
all'cd him elf wuth the forces which had arisen on 
the side of Henry. 

When Richard had returned to England the ' 
cause was lost for him He gave up all hope 
of recovering it, and resigned the crown. A 
formal imp.'aehment of the King took place in 
Westmin ter Hall ; Richard was dethroned by 
a 1 olemn act of deposition and a vote from both 
Houses of Parliament declaring (hat result. 
Richard had completely worn out the patience 
of mo t of his people. He had gone from one 
extreme of policy to another. He was at one 
time an unqualified vindicator of the rights of 
the peasantry, and after a short interval went 
over to the side of the nobles. He had given 
much offence also by the support which he lent 
now to the Lollards and now to those who were 
for crushing them put of existence. 

The Lollards. The Lollards were the 
first religious sect who had definitely set up as 
reformers of the State Church, the Catholic 
Church in England. These earliest reformers 
.were follow^ors of Wyeliff, and are said to have 
derived their name from the German word 
Lollen. There were to be Lollard martyrs in 
England, but not in the days of Richard 11. 
One of the main charges against Richard was 
that, owing to the influence of his first wife, 
Anne of Bohemia, he had encouraged the 
Lollards when they made their first appearance 
in England. It was Richard’s fate never to 
retain the loyalty of any large body of his sub- 
jects. His reign passed away without a serious 
struggle. The country had grown weary of him, 
and was ready to welcome any successor whose 
coming might promise a settle adtninistraUon, 
Henry of Lancaster was chosen aa his successor 



S^pli^mb^r ^th, 1300) 8^3^ according to tho he was kept by Henry IV. in hoilourable oapti* 
accent generally received, Richard was put to vity, and Instructed in the knightly and scholarly 
at Pontefract Castle on February 14th, accomplishmentB needful for a prince of his time, 
u Henry still kept up his struggles with France, 

yTne liouae of Laiicaater. Henry IV., but his character fceruB to have degenerated in 
the j^rst'' King of the House of Lancarter, son his later days. He was an epileptic, and his 
of Jdhn of Gdunt, was born on April 3rd, 1367. maladies made him impatient, and even cruel. 
His father was the fourth son of Edward III., He died at Westminster on March 20th, 1413, 

and his mother the daughter of Henry, Duke Henry, the famous Prince of Wales, the oldest 
of Lancaster. His reign was remarkable for of Henry IV.’s six children, suoeoecled him. He 
piiany stirring events, but it has not left behind was born on August 9th, 1387, at Monmouth, 
it the memory of an enlightened policy or of an He went through much practical study, and it 
exemplary ptiler. It was a reign of almost is told that he revelled in wild adventure and 
unceasing War, foreign and civil. There was extravagant amusement. Tho world knows 
constant hostility between England and France, Prince Hal in his vounger days in Shake! pearo’s 
and the French made frequent descents upon noble drama, “Henry IV.,” and wo imagine 
the English coasts. There was much squander- that not many readers would exchange willingly 
ing of money, and many attempts were made by the Prince Hal of Shake: pearo for tho Henry, 
Parliament to put some check, by means of a Prince of Wales of authentic history, 
council of “war treasures,” on the expenditure Accession of Henry V. Tho corona - 
of the national resources. At one time, Parlia- tion of Henry V. took place on April 10th, 1413, 
ment proposed to confiscate the property of the and he opened liis reign w'cll by liberating bomo 
clergy — Church , property — to maintain the of his opponents in the t trugglo for the crown, 
finances of the State. Henry refurod to enter- restoring the son of HoOpur to his father’s 
tain this suggestion, and, indeed, there seemed estates and dignitiet;, and ordering the burial of 
something grimly farcical in the propo al that the Richard II.‘’h body in We: tminster. Henry was 
Church and tho clergy should be deprived of a high-minded and, on tln^ whole, a merciful 
their revenues to meet the expenses of wars man, although not always nic*reiful tow'aids the 
brought about by statesmen and toldicrs. Henry ' Lollards and others who still spread tho doctrines 
did not confine his support of tho C’hureh merely which he was taught to regard as lieresy. 
to this action; ho encouraged tho severest The great fame of Kinijj Henry’s reign, ab^ orb- 
measures against any who were considered ing every other worldly credit attacdiing to it, is 
heretics, and many were burnt during his roign. found in the storie.. of his wars with Franco. 

The Welsh refused to sacrifice their national The Kings of England had through several 
independence to English rule, and, under their generation, claimed the rulorship of somo parts 
celebrated leader, Owen Glendower, maintained of France. The time was yet far off when t uch 
awaragainst the King, in which, for a while, they claims were to be abandoned. Some tempting 
had the assistance of Franco. Henry invaded opportunities now prc.entcd themselves as if for 
Scotland and besieged Edinburgh Castle, but had the purpose of inviting Htnry V. to renew and 
to retire because^ it is said, the agricultural enforce the claims of England. Charles VI. of 
condition of Scotland did not furnish means for France, who was then ruling — or. at least, 
the maintenance of his army. While Henry wa.. allowed to occupy the throne-— as sinking into 
engaged wdth his struggle with the Welsh, the insanity, and was destined to clo«o his life as a 
Scots brok* into Northumb<‘rland, but were mere madman. Und‘*r this hopeless rule, the 
there encountered by the Earl of Northunibcr- great princes and nobles of Fran(‘e had divided 
land and his bou Heniy Percy, famous *if, Harry into twu partier, one, tJie Hurgundian, ltd by 
Hotspur. Shake^peare has made him a living the Duke of Burgiindy ; while the other followed 
figure, and one of the most spirii-stirring the Duke of Orleans, called the Armagnacs, from 
speeches in the historical pl iys is that of the the(’ountof.4rraagnae. father-in-law of the Duke 
huijgiorous Und daring Hotspur in the opening of Orleans. 

' of' Henry IV.” Henry V. had probably persuaded himwdf 

Harry Hotopur Defeated at Shrewe* that he had a title to great h tales ill’ll! ranee, 
buryir Hotspur and his house, believing and even to the French crown, from hi : great- 
that they *had been wronged by the King,* grandfather, Edward HI. He had, however, 
imtel^d int> a league with the Scotch and no valid title, and the attempts made by 

Welsh leaders against him ; but the King met Edward III. hyd been caused by tho continuous 

them at Shrewsbury, Where they were defeated, attack*! made upon him from the French side 
ahd Ifotspur was left dead on the battlefield. of the (liannel. Henry alleged that a truce with 
In 1406, l^ce James of Scotland was captured Prance for a definite time had ^on made hy 
wldlft on his way to France, where his father, , Richard, and that the time had now arrived 

Ma&ti ni., had sent him for safety. The when either the truce must end or te^ of 

v^^Mel vM seized by an English cruiser, and settlement be offered on behalf of the French 
carried a prkener to London, where monarchy. 

^ ^ art- 

' (JotUinu'd 
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Laying the Ralla. The length of the 
railB will vary from 15 ft. to 30 ft., and num- 
bers of ‘Shorter lengths will be required for 
junctions, at the tip-head, and also whore the 
steam navvy is at work. Tn laying tlioni, 
the ground is first • levelled ; the sleepers are 
then laid down in place at a distano(^ apart 
which depends upon the nature of the soil. 
The rails are then 
placed upon them, 
two or three mtui 
cariying each rail 
and laying it upon 
the sleepers. The 
ends of the rails 
are then fixed by 
knocking dog:; into 
the sleepers nearest 
their extremity. 

The rails arc after- 
wards similarly 
fixed to the inter- 
mediate sleeper:?. 

The rails are kept 
at the right dis- 
tonce apart while 
being laid with the lielp of sin iron bar pro- 
vided with projections at right angles to it. 
This is laid across th<^ rails, cure being taken 
that it is at right angles to both of tlnan. The 
projections' arc notched at their extremity, 
to enable the distance between tin* rails to 
diminished at the points and crossings, wher<^ too 
much clearance between the insid(^ of the rails 
Olid the flanges of tln^ wheel:^ j)as:hng over tlu'iu 
is dangerous. 

When the sleepers 
sink into the earth 
and the rails get 
out of level, the 
former may be 
packed up, .as tin; 
operation is called, 
by shovelling earth 
beneath them. 

The rails are 
joined together by 
means of fish* 
plates, forming a 
joint, an fllustra- 
tion of which is 
given in 22. 

Slewing. 

When for any 
reason thr tempo- 
rary liim of rails 
should oe moved 
on one side, the 
operation is per- 
formed by a gang 
of ten men provided with crowbars — i.e., long 
straight bars of iron with a chisel end. First 
they move the earth from the end of the sloc|>ers 
on the side towards which they are to be moved, 
so as to prevent obstruction . Then they get iiib » 
position, five men at each rail, standing with 
their backs to the direction of movement with 
their crowbars Ijetween tlteir legs. The crowbars 


are then put underneath the rails, between tho 
sleepers, and, using them as a lever and the earth 
as a fulcrum, the men hoav(\ raising the end of 
tho bar in their hands. This raises tho rails 
and the sleepers togvdhcr, and the whole structure 
slips on the ei'owbars as tiny tend to the vertical 
position, so that the whole road is shifted 
laterally in tln^ direction desircMl. 

It will be found 
that for tho tem- 
porary railroad 
In’oad sleepers are 
a mistake ; they 
are apt to be 
plae<‘d furtlier apart, 
than narrowiu* ones 
and to rock as a 
train go<'H over 
them. This loosens 
the dogs and works 
away t he earth from 
beneath them. 

Wlnui it is nee<^s- 
sary to remove the 
temporary road, tho 
bolts are taken out 
of the fish-plat and the dogs drawn from the 
sleepers. For tlu* [>ur])ose of drawing the dogs, 
the m<‘n should be ])rovi(led with spec'ial levers, 
having a curved l)ifureat(*d fork at tlie (md, to 
engagt^ in tlu* tuirs of the dogs. Hy this mi'ans 
(he dogs are vi ry easily drawn out, and 
11 td ss this instrument is at liand tjic men will 
endeavour to nunove tlie dogs with a pickaxe, 
doing eonsiderubh‘ damage to the sleeper. 

Points and 
Crossings, The 
|)oints and cross- 
ings iiscfl on the 
tcunporary lini' are 
similar to thosi^ 
reipiired for tini 
permanent way, a 
full description 
of which is given 
under tliat head, 
but. as a makeshift 
(he arrangement 
il lust raft'd in 23 is 
f retjuently used. 
A and B an; pieces 
of rail fibout fl ft. 
long, hinged i»,t 
and IV by mi'ans 
of loose fish-plates. 
This enables (hern 
to be set ill line 
with the rail?! pass- 
ing to K or with the 
rails passing to F. 
Of these the right-hand rail of the one is at a 
distance from the left-hand rail of the other, and 
vice versa, surh that, as on reaching AB the flanges 
of the wheel ean just pass between. CD is a 
short ’pieee of rail hinged in the same way, and 
when in position, as shown in the figure, it passes 
over the other rail ^fhich it crosses. 

l<^'oni what has already iH-icn said it will lx* 
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se':n thr.t the temporary road used for shifting 
tlio earth is neither very strong nor very 
carefully constructed ; indeed, it would be 
un-cconoinical to make it any better than is 
absolutely noeessary for the work. It is con- 
sequently unsafe for an engine to be pushing a 
line of waggons, whether 
full or empty, at a high 
speed upon the temporary 
road. 

Position of Loco- 
motive. As it is im- 
portant for the loeornoti ve 
<lrawing a train to b(‘ 
always in front of it, many 
devices are adopted to 
change tht; ])osition of tli 
engine from the rear to the fnait of tin* 
train. The mo.st obvious method is thad. 
illustrated in 2 k 'I’lie engine* merely shunts 
the train into a siding communicating at both 
ends with the main line, and then dctachin; 
itself goes back and returns via. the m- in lin 
to re-attaeh itself at throthrr 
end of the tniin. 

Reversing the Loco» 

motive. The method de- 

scribed does not reversi* the 
engine — which can lx* i evers(“d, 
in the absence of a turntr.ble, 
only by means of sueli an 
arrangenu'nt as is illu.sfrat(*d 
in 26. The engine, it will be 21 , 
seen, is reversed by running 
over the trie.ngle. Fro<jU('ntly tlie ('iigiiK'S ar<‘ 
not reversed from the bcgitining of a job to the 
end, though iinh'ss tlu'ie is rji arrangement to 
strew s::.nd on the rails Ijoth in front and l)ehind 
the wheels gr(‘at inconv(‘ni(‘nee is caused. 

It may happen that tlu're is no sidiir 
eiently long lo accommodate 
the train and eommuriigating 
at each end with the m.iifi lim- 
at th(^ spot whei’e it is neees 
sary that the loe(»motiv( 
should he ehaiigeti from end to cud of ji. tniin. 
Under such eireumstanee.s, means su<-h as that 
illustrated in 26 nmy lu* (‘m]>loye<l. 'riji* liiu- 
CA lead.s, perhaps, from the phue where the 
steam navvy is at work, the engine is drawing 
the train from A towards (‘, but desires to take 
it in the direction Cl). Jn llie o rd i nary eta irse 
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reverses, and, |iutting on steam, runs along BD 
towards D, passing C before the remainder of 
the tr&in, still moving by virtue of its initial 
velocity, airives there ; at D the engine stops 
while the w’aggons slow'ly pass over the junction 
C and come to a stop ah B, when the engine 

can again be attached, 

1 and at the right end. 

* — ) method, which is 

very (umvenient and ob- 
viates the necessity for a 
speei il siding, requires for 
consistent success that 
thtu’c should be a mode- 
rate .slope from A to B to 
prevent the* waggons from 
losing their speed too 

quickly. The waggons may otherwises come to 
a. stop when only half over the j\inction of 
^‘Specially if a long train is being dealt with, 
thereby oatising considerable delay and con- 

fusion. 

Another <‘ommon way to etlVet the same thing 
may be illustrated from 
Nvi/(! same ligun*. An engine 

i pushing a train of w^aggons 

from B towards 1) desires to 
eluviige its position to the 
y Hr front of tin* train. CD may 

[ be a siding on an upward 

I slope* l(‘ading to a quarry 

jr ^ or spoil bank. The engine 

:.AII.SWITH J)0(;S1'IKES 

with .somv* speed, hut de- 
taelH‘s itsflf before reaching ( \ and slows dowm. 
After the w.'ggons have passed on to CA the 
points are alti‘r(*il, rnd the engine runs on to 
(T). 'Phe waggons, after coming to rest, run 
back of their own accord and come to a stop 
on CB, when the engine can reconnect itself 
at the right end. This pro- 
J 4" (‘(‘.ss nmy Im* r(‘V(‘i*scd and the 
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23. MAKKSlllFT FOtNT AND (’RO.SSINO 
AKUANOFMKNT 

of things, beiue already in front of the train, 
it would b«’ neeefeiiiry to push it towards D, 
And to avert ti.Ls thi following manceuvres are 
performed., TIio engine, ‘^vhile coming along 
AC at the head of the train, is detached, and, 
increasing jts speed, runs on to B. Here it 


ngiiie b(‘ r(‘turiied again to 
tin* former end of the train, 
as is often noce.ssary when 
w . gg(»ns li-ive to be ])uslied up to a steam 
navvy which miglit be w'orking in a blind or 
dead ejid iit A. In these eases, as before, there 
i.s tlMiger of tin* waggons stopping when but 
half over the junetion. Manual labour must 
then be resorted to, 
and the trucks moved 
separately by levers 
between the 8ix)ke8. 

Derailment of 
Waggons.* On the 
tempotary line of way 
waggons containing 
e.M’tn are frequently 
derailed. The first 
thing to do in an acci- 
dent of this kind is to 
disconnect the waggons from eaeh other, then the 
engine, supposing it to be still on the line, as 
usually happens, proceeds to exert itself oiv the 
nearest truck off the line, provided the lower 
wheels and fraraew^ork are entire. It is not 
difficult to get that wheel on to the line which 




has come off on the inside of the rails, or it 
would not be so if it were not on account of the 
other wheel which has necessarily gone, off on 
the outside of the rails so that the Hange i»f 
the wheel is in the way in replacing it. In every 
case the method adopted is to extemporise an 
inclined plane on which the flanges of the wheel 
can roll, by moans of loose sleep(‘rs and l>lo«‘ks of 
wood . roughly hewn 
for the purpose. Tin* 
engine' is ' 
used to 
pull the 
nearest 
waggon 
up t h (* 
i n c 1 i ne 

till the bottom of the flanges of the wheels 
are on a level with the tn}> of the rail, when 
they can be slipped on to lliein. Such an 
operation can often be jx'rfornn'd without the 
nc'Cessity of ein})tying the waggofis. 

Reversing Waggons. .Vllliongli it off(Mi 
happens for want of nuauis of reversing that 
the locomotives may continue at work with 
their funnels in one diiHM tioii f(»r a eonsidiU'- 
able time, this can seldom a])ply to (In* 
waggons. oth('rwis<‘ end tip waggons could Ix' 
used only to tip at out* end of tlic adv'aiicing 
railway, and side-tip waggons only on one si<h* 
of the railway. A contrivance, therefore, is 
absolutely necessary for reversing 
waggons, though it be too lightly 
constructed for the reversal of 
engines, or even for the waggons 
Ihem8(dvcs if loaded. A skcMch 
of one of lh(8‘ is 
given in 27. The two 
circular pieces. B and 
(.), slide upon oru^ 
another while revolv- 
ing on a bolt ))assiiig 
through centre of both. The contiguous surfae(‘s 
arc greased so as to diminish friction, 'rhe two 
rails are thinned out at their longer extremity 
so that when this arrangement is j)laeed be- 
tween the rail of the temporary way tli(*se 
extremities can be lowered upon the latt(‘r 
and the waggon run u]) upon them until its 
centre of gravity is approximately just over 
the central bolt, when two men can easily lift 
the extremities of the rail, and cause tin* 
circular piece B to re- 
volve upon V. The 
thinned out e x • 
treniities ot the rail 
are then set ^ down 
on the other side, 
and the waggon allowed to roll off on this 
opposite side. 

Cuttings and Embankments. The 

lateral stability of a cutting or embankment is 
secured by sloping the earth away or supporting 
the side by means of retaining walls. Tiie 
former, being the cheapest and most general, 
will be considered first. The slope adopted for 
cutting ,may usually be steeper than that for 
embamemont, since tbo material of a tipp('d 
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embankment is not found to hold so firmly 
together as the undisturbed earth at the side of 
a. cutting. The most common slope for general 
j)urpo.-;os in cuttings is ono to one, and for 
embinkuK'ut oiu' and a half to ono. 

Trimming. As already poinlrrl out, th»> 
slopes of eutting.s an* usually trimmed to the 
\dtimate prolile with gieaU'st ('eonom\ shortly 
aft(‘r excavation by 
means <»f a steam navvy 
has been 
<• o m - 
plot (‘ d . 
it is, how - 
ever , fre- 
<pu‘ntly a 
wastt* of 

labour to do nuue than reinov*' roughly the 
surplus material from the side of tlu‘ eutting, 
.since sli])s may suhst'rpicnt ly occur which will 
rcMjiiire a more aeeiirnte trimming to lx* done 
<»ver again. 'I’liis is esptM'ially tie* case in a 
clay soil, as tli(‘ I)(‘lia\i(mi of lliis mat(n'ial. 
wlnm exposed to the waMtlier. is often very 
t reueluu'ous. Kmhankmeiits being liable to 
.’■ett lenu'iit or shrinkage, it is advisahk* to 
allow a considerable time aflcu* tipping iiefore 
the trimming is eompU'ted, unless the degree 
of set t lenient or shrinkage can. by experience, 
be ^o w(‘ll ganged as to enable the sides to 
be trimnu'd to an angk* wliieb will subse- 
(luently come to be that of the 
pro])er proHk' of tin* enkankment. 

T)u‘ proee.ss of trimming is per- 
formed, first of all, by dressing 
the slope to the correct angle ami 
position at places from 
to four chains 
apart. Where the line 
is on a curve, they must, 
of (‘ourse, be made more 
frt‘quent. ''riio slope is 
<»btaim‘d by means of a. triangle, eallod batter 
[23j. provided with a plnml)-bob in its shortlist 
side. 'Phe proper position and angle of the 
stipes liaving l>i*en obtained at short distaiiees 
apart, the earth is readily trimmed evenly be- 
tween them. T(» avoid siib-ieipient slipping of 
tlie, material, it is freipumtly found necessary to 
drain the .slope by means of ditches 2 ft. or ft. 


wide, and from 9 in. to 18 in. dei^p. which maj" 
b(‘ tilled with nibble stone, or with hrieks. These 
usually extend about three-quarters of the xvay 
up the slope, throwing off two or more branches 
sloping npw'ards towards the top. 

Soiling. W'heu the slopes have bc^cn 
trimmed, and any necessary drains completed, 
the surface is advantag<M)usly covered with a 
layer of vegetable soil, 6 in. or 8 in. deep. This 
soil is best obtained by removing the surface 
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of the ground to the aame depth before exca- 
vating or tipping upon it. In most cases, the 
amount of soil thus obtained will be amply 
auificient for covering the slopes to 1h * same 
depth, and in a grass country soda may be cut 
from the original surface of the groun<l and 
stored, to subsecpiently cover the shipes. 

If X [29] measure to the ht‘ight of an <‘mhank- 
ment, and y ita 
breadth at the 
top," also n the 
eo- tangent of K 
the angle ot J 
slope, then, in ^ 
the ease wluTt* 
the quantity 
of surface soil 
is no more 
than fiufficieyU 
to cover the 
slopes, 

y f 2nx - 2x Jn- 


x: 1 

~ 
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As it is ohviuuH that, in tl»c case ot a v<‘i v low 
embankment, the surface soil uould nioic than 
suffice, it is evident that this vahn* of i repr(‘- 
sents the greatest height to which an (‘inhank- 
ment <'Oula he earned if the m»iI n‘quiM'<l foi the 
slopes were entirely pro- 
vided from the original 
surface excavated to the 
mme depth. 

X is smallest when y is least and « is 
greatest, so that the most unfa\oiir- 
ahle cose would he that of a single line of way 
on an embankment with gentle slopes. Taking, 
therefore, tlie former at Id ft aud tlic latter 
at 2, w’c lind that 

8 

J o - 



.3r) ft nearly. 


The proce. s of laying the ^oll upon the slopes 
is more difficult in cuttings than upon cinhank- 
monts, in spite of the fact that in the lutU^r cjusc 
the soil has to he got up the sides, and in the 
former it has only to he h‘t down Tlie reason for 
this is that the slope on the emhankment is always 
less than that of a cutting excavated from the 
same material, and wdieii the earth 
is thrown w’ith the spade on t(> 1h« 
side of a cutting of 
the usual slope, 
about one to one, a 


large portion of it 

wdl begin imme- 29 niAORXM illit.str\tino the soilixo of an embankment concrete is not 


of seed consists of 1 lb. of clover to i lb. of 
rye grass. 

The object of the grass is to protect the sides 
of the slope from the denudation of rain and 
wat<*r. The grass presents its leaves, and thus 
protects the soil beneath it, at the same time 
binding it together with its roots. The object 
of soiling is to assist the growth of the grass, 

and as the soil is 
in greater danger 
of being washed 
away before the 
grass has grown 
sufficiently to 
protect it, it is 
undesirable ihat 
the soiling of 
slopes should be 
proceeded with 
too long before 
the time of 
3 'car suitable for growing the grass. 

Retaining Walls. When it is decided, 
either on account of tin* natun‘ of the ground or 
h(‘causc of the value of the land, to support the 
Mtics of a cutting or embankment by means of 
AvalU, tlu‘y may be built in the form shown 
in 30, according to the following rule. 

li the wall Im‘ not surcharged — that is to say, 
if the earth hi‘hind the wall lie level with the top 
of it, the thickness of 
the wall at formation 
lev<‘l should be made 
Uvo-fifths of H, the 
height of the wall above 
this level. If, on the 
contrary, the wall be sur- 
charged, and the earth 
rises above the top, the 
length H should be set 
i»fl uf) the slope, as showni in the figure, and 
its vertical projection added to H, so os to make 
If' as showTi in the figure ; two-fifths of this is 
then taken as the thickness of the wall at for- 
mation level. Formation level is, of coarse, 
the level of the ground upon which the pc^rma- 
nent way is laid, and in the case of embank- 
ments, the ordinary level of the country applies 
instead of it. It will be seen by the figure that 
the letairiing wall is built on a bed of concrete. 

It may he necersary to v4ry the 
quantity and .tliiciuiess of this 
according to the 
nature of the soil 
in which it is 
built. The cost 




diately to roll dowm 
to the bottom. Thus, in soiling the slojies of 
cuttings it is usually necesbary to place boaids 
at intervals horizontally along the slope, and by 
means of stakes to erect them, and maintain 
them at right angles to the slope, while the 
soiling is Ixnng arried out. 

Sowing. \Mieii the soiling is complete, 
file sides ot thb sloi>e avu sown with grass. 
About three bushels of grass seed will suffice 
ton an acre of tiie slope. A common mixture 


usually less than 
that of brickwork, but the reason for using 
concrete for the foundations of retaining walls 
rather than .extending the brickwork lower 
down is that the concrete can be put in 
without disturbing the earth at the side. This 
could not be done with brickwork, and as 
retaining walls usually fail by sliding forward 
bodily rather than by being overturned, it is 
desirable to have the earth opposing th|a move- 
ment in the firmest possible oondit&n> ond this 




ifi provided by leaving in its undisturbed 
natural state. 

Preaervation of Earthworks. In 

addition to soiling the slopes of cuttings and 
embankments, it is economical to round off the 
toes and shoulders of the work, to pave 
the ditches, and to provide tile drains for 

sub-surface drainage. The 

original cost of doing 

this is, however, consider- 
able, and is often shirked, 
in spite of the fact that, 
the work is fully justified 
by the subsequent saving 
effected in making good 
the effects of weather and 
floods, etc. 

The greatest care should 
be taken that the top of an 
embankment does not be- 
come hollow like a trough. 

It frequently happens 
that the sleepers of the 
temporary road are packed 
up with earth at the ends, 
leaving a longitudinal de- 
pression in the centre. 

Before the jjernianent way 
is begun, or before th<? 
ballast is brought on fo 
the line, this matter should 
be looked into, and the 
hollow, if present, should 
be filled with earth and 
rammed tight, otherwises it 
will be filled with ballast 
and perpetuated. After 
heavy falls of rain the 
water will then collect in 
pools beneath the sleepers, 

" and ultimately work its way 
into the bank, softening 
it and causing spue-outs of earth below, and 
subsequently cracks and slips in the earthwork. 
This state of things once established is very 
difficult to remedy. 

Erosion of Banks. In places wliere 
floods are liable to take place, provision must be 
made lo carry the water 
rapidly away, and to pre- 
vent damage to the 


erosion/ Flat 
stones on edge 
1 . 6., with their longest 
dimensions at right 
angles to the surface of 
the earthwork, and their 
next longest dimension in the direc- 
tion of the flow of the water — afford 
the best protection. When the base of a 
b«|.nk is liable US be eroded by the wash 
of waves— -not sea waves, but the wave action 
,of large sheets of water — a sufficient prq; 
tection is Often afforded by making the slope 
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Drainage. Tlie secret of maintaining earth- 
works economically depends on the drainage. 

It must never be forgotten that wet earth and 
dry earth are two materials whose propertied are 
dinerent — often very dilTe- rent in- 
deed. Some clays, for ^ example, 

though hard enough and s t i f, f 

enough 
to make 
excavation difficult, 
become by merc ex- 
posure to <lamp air a 
semi-fiuid mass of treacly 
eonsisteney. Such material 
is, of course, worse than 
useless for any structure 
wliatever; but every gra- 
dation exists, and it is fre- 
quently necessary to make 
a cutting in earth too 
t.i*(^aeherous to ht> used in 
the formation of an em- 
bankment. linder these 
eiroumstanees the exca- 
vated material must la* 
tipped to “ 8})oil ” or wash*. 
()ft€»n land must. Ih) pur- 
ehasetl to receivti it . 

It mu.st he remembereil 
that the material used for 
embankment is subject to 
tlie (‘nd)(:.ss pressure of its 
own Aveight, to disregard 
for the moment the pound- 
ing action of passing trains. 
Such pressures must Ix^ 
withstO(xl while the earth 
is standing at an angle 
which is, as a rule, steeper 
than obtains in Nature. » 
'I’bc side of a cutting made 
in a hillside is, for example, 
necessarily steeper than the part of the hill in 
wliieh it is made, and it inay be steeper than 
the slope at which tlu* earth will permanently 
remain under natural conditions. Tlie only 
thing to do then is to insun* that this earth lx* 
dryer than natural conditions would allow. 
Thus artificial drainage is provided in a manner 
the principle of which is shown in 31 and 33. 

Catch- water Ditches. It will be ob 
served in the illustrations referred to that a 
ditch ‘(called a catch-water drain) is dug on the 
iipiK^r side, of the earthwork, whether cutting or. 

embankment, to carry off all surface 
water draining down the hill. 

ditches must 


31. UK.\fNlNG A railway EMBANKMENT 

* 

have a sufficient slo^ longitudinally to prevent 
any water standing in them, and for the same 
reason should be periodically cleaned out. The 
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ditches provided on tlie lower side of an earth- 
work are not so important, since these have to 
receive only the small amount of drainage issuing 
from the earthwork itself. It will be seen also 
that the ground on which the permanent way is 
laid, or the formation level, is also sloped at 
1 in 30, and in 83 a /tfovfi faced drain is provided 
to take off the water. This provision is not 
always necessary, though in wet etittings even 
more elaborate arrangements may be desirable. 

Difficulties with Earthwork. Most of 


bulk of solid materia}. He formed a secure 
foundation for heavy railway traffic in the 
following manner. Drains were cut about every 
five yards apart, and when the moss between 
them was quite dry, it was used for the embank- 
ment. On this were laid hurdles in single or 
double layers, and over them the ballast. By 
thorough draining in this way, cuttings as deep 
as 9 ft., and embankments as high as 12 ft., w'cro 
formed in a substaiu^e in which an iron rod would 



continue to do so until the whole si(l<^ of the hill 
above it is brouglit once more to the natural 
slope at which it originally rested. Onder these 
eiroumstances, the best plan is to drive a tuniu*l 
or heading some way hack and higher iq) 

, hill, as shown in the figure, so that all water 
between the two strata is stojiped here, and 
carried away to ilu? nearest natural ^^'ate^- 
course. This device, aeeompanie<l by catch- 
water drains on the surface, will 
usually sufTico to maintain e(jui- 
librium. A more expen- 
sive method would bt? 
to throw a brick 


pressures sufficient to caiisC slipping to begin, 
in what(‘V(‘r condition it may be. A superficial 
slip — that is, a slip confined to the surface layers 
— is of small importance ; a deep slip is naturally 
of greater conse([uence ; but the most st^rious is a 
deformatif)n of the earth caused by its particles 
slipping ov(‘r ea(di other in numerous surfaces 
> t liroughout the mass, and 

— this must be avoided l>y 
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33. DRAINING A RAILWAY 
EMBANKMENT 


arch over the cutting and cover it in, thus re-estab- 
lishing the formei conditions as nearly as possible. 

In the formation of embankments, all danger- 
ous materials are, of course, avoided, and giving 
the railway the benefit of the doubt means dis- 
carding the material about which there i.s any 
question. But it frequently happens that the 
soil upon which an embankment is' to be built 
is of a very difficult character to deal with. 

Chatmoaa. In the celebrated example of 
Ohatmoss that was mot with in building the first 
railway from LiverTOol to Manchester, George 
Stephenson wac' confron'. d with something little 
better than a quagmire from 10 ft. to 36 ft. deep, 
and containing water to the extent of twice the 
3268 


preventing the appearance of 
any stresses sufficient to cause it. 

If an embankment origin- 
ally tipped in the form shown 
by the full lines in 34 subse- 
quently assumes the form indicated in exaggeration 
by the dotted lines, it is in a very bad state. An im- 
mense amount of earth must be tipped before the 
requisite height is attained, for it will continue to 
spread out as the weight superposed increases. 
Had the bank been originally formed at an easy 
enough slojfx^, slipping would never have begun, 
and all serious trouble might have been avoided. 

Similarly, when the earth upon which the 
embankment is tipped is at fault, the effect .of 
imposing the extra weight of the bank on the 
surface of the soil is to cause profound deforma- 
tion. Pig, 35 shows a common type. 

* The soil sinks beneath the bank, but rises 
beyond its limits, probably causing damage to 
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adjoining property, and in any case vastly 
increMinff the amount of earth to be shifted. 
Had the hank been originally made in stages, as 
indicated in 86, this difficulty would in all prob- 
ability have been avoided. 

Tipping on Sott Ground. The method 
in soft ground is to tip first- the two small banks 
whose inner outlines arc indicated by the dotted 
lines, thus distributing moderate pressures over 
a large surface of soil. Any tendency to move- 
ment of the soil would be in 
the direction of a rising be- 
tween the two small hanks. Of 
course, the appearance of such a 
thing would be a danger signal, 
showing the need for still wider 
distribution of weight; but the 
movement would not greatly 
weaken the soil in resisting the motion which the 
completion of the bank will most tend to bring 
" about, being in a different direction. The slip- 
ping of this earth must be most c^arefully guarded 
against. It is a source of enormous c.xpense. 

Tipping Doubtful Material. In tipping 
doubtful material, any e.vpedicnt calculated to 
remove waU^r and keep it away should receive 
careful consideration. The work may even Ik* 
stoppetl in wet weather. Snow should b(* 
i*emoved before fresli 
material is tipped over 
it. In banks (»xceoding 
25 ft. in height it i.s 
better to include no 
material regarding the 
subsequent behaviour of 
which there, is any ground for apprehension. 
If, in spite of every precaution, a serious slip 
take place in an important earthwork, it will 
often be found oheapest in the long run to 
remove the whole of it and replace it with 
" more stable material. The material removed 
may even be drietl and burnt in heaps with 
coal or woo'.l, and put back. This i.s a very 
fundamental cure, provided the whole of tin* 
bad earth be removed, since 
it converts it into one of 
the most satisfactory iim- 
terials of which an earth 
work can be made. Ihil 
the ex{)ense is heavy, for, 
besides the cost of handling, 
the fuel required amounts to 
about a tenth of the weight of the mass if 
coal be used, or more if wood be usixl. 

Founaationa for EmbanKmenta. It 
18 sometimes fomid necessary, in forming an 
embankment over soft ground, to make a 
foundation for this superincumbent mass by 
digging a french of equal width* the sides of 
which are trimmed to the slope natural to the 
soft ground in which it is cut. This trench is 
then filled with stable material, and the embank- 


ment mode upon the top of it in the ordinary^, 
way. The cost of this procedure is, of course, 
very heavy, and it is important that it should not 
be undertaken unnecessarily, or where simpler 
devices would serve. In easc?s where it is decided 
to adopt the method it is necessary to calculate 
the required depths of the trench with par- 
ticular care, tis it is this dimension which 
determines both the efficiency and the cost 
of the work. The expression 
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gives the depth required in which 
w' is the weight of the soft 
ground, w is weight of the filling, 
both in U). per cubic ft. ; 0 is the angle of 
natural slope, or angle of repose, of the soft 
ground, and h thc^ height of the proposed 
embankment. 

Settlement of Embankment. The 

diminution in the bulk of artificially deposited 
earth begins at once and continues for years. 
Its amount varies very greatly according to 
the nature of the earth, its condition at the time 
it is put in place, and the maimer in which this 
is done, llie reduction in 
the height of an embank- 
ment which ultimately 
takes place from this 
cause is seldom less than 

35. KMBANKMEN'T ON A FAULTY FOUNDATIOX ^ CVOry foot, aud 

often amounts to twice 
jvs much. Xo rule can be givim that is likely 
to be of piactii’al use on the ground ; but it is 
well to remember that earth will probably ^ 
revert to the same density it possessed before 
it was dug in the first instance. 

.Allowance must be made for this in the 
construction of c*mbankmcnts, and these should 
in all instances be tipped so as to be of greater 
height at first than the ])lanH and sections re- 
quire by an amount which the 
i‘X})ei‘iencc of the engineer 
may de<fide to be necessary. 
In default of this, or if the 
(‘Xperieiiee of the engineer 
36. EMBANKMENT FOR A WEAK nii.sguide. hiiii, the height will 
FOUNDATION havc to 1)0 iiiadc good by sub- 

sequent additions of earth. 
'Phis would not matUT so much if the subsequent 
additions of earth w'ere confined to the top of 
the earthwork, but the effect of settlement is to 
reduce the slope of the sides at the same time, and 
the consequence is that the top of the embank- 
ment becomes in effect narrower than it was. 

Additional earth must therefore be placed on the 
side as well as on the top of the earthwork, and 
this addition of fresh earth to a slope already par- 
tially consolidated is not conducive to solidity. 
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ELECTROLYSIS 
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Decomposition of Liquids. Electrolytss. Migration of Ions. Deposition 

Coiitinuod from 
piWo:J098 

of Copper. Laws of Electrolysis, Electrochemical Processes 


By Professor SILVANUS P. THOMPSON 


A ILLUSION was made on page 403 to th<‘ 
^ circumstance that liquids conduct electric 
currents.* All liquids do not ; for the oils are non- 
conductors. Those liquids that fonduct may be 
divided into tuo chu«^es : (1) those like quick- 
silver and molt'Ui lead whi(*h conduct simply as 
metals ; and (2) those Avhich conduct only uhile 
undergoing chemical decomposition J'o this 
last cla.ss belong solutions in \^ater of innumerable 
salts such as alum, halt pet iv, sulphate of copper 
(blue vitriol), and the metallic salts generally, 
acids, solutions of alkalies, tustd caustic alkalies, 
and fused salts. Absolut<‘ly pure vvat-<‘r dcH's 
not conduct at all, but ordinary tap wat<*r, which 
contains small quantities of salts in solution, 
conducts, and is made a better conductor by 
adding a little acid or soluble salt of any kind 
Electrolytes. Any liquid of this class 
was termed by Faraday an fhctwbjte, which means 
that it is decompostKl when elec- 
tricity passes through it. \ simple 
experiment will enable us to under- 
stand the hindamental fart. I’laee 
in a small gla,ss vessel, as n 214, 
some w'atcr that has het'ii rencl<‘re<l 
conductive by adding to it a h'w 
drojis of sulphuric and ^’ronire 
a Biuall battery consisting of at 
least tw'o eelfs, and with thih 
battt»ry send a eurreiit through the 
water by dipping into it the ends 
of the two wires which lead n*- 
spectivQly from and to the battery. 

The wire by w'hieh the current 
enters the water is termed the 
attodf*, and that by w'hieh it leaves 
the w'ater to return to the baiU*ry 
is tho kathode. If these wires are 
of copper it will be found that, A- Ano«U* 
while me current is thus passing through the 
w^ater, small bubbles of gas are given off at 
the kathode, w’hilethe anode liceomes discoloured 
and will slowly dissolve, the liquid ai’ound it 
becoming of the blue tinge of copper sulphate. 
The bubbles which come off at the kathode, if 
examined chemically, are found to consist of 
hydrogen gas. This can be proved by collecting 
them in a test-tulKi and observing that they wil* 
bum. Let the experiment then be repeated, 
usuijS platinum wnre to dip into the water, 

ptfrtai^um being eho.sen because it is fhsoJuble It 
wiU t hen be noticed that bubbles of gas come off 
at both of the wares, ^le bubbles at the kathode 
are hydrogen, but given off at the anode 
ww oxygen gas, Tt lione of- the most elementary 
laeta of ©hemisrty that water is a compound of 
hydrogen and oxygen, and in both these experi- 
water decomposed. When it is 
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required to collect the gases separately, with 
a view to measuring the quantities given off, the 
form of apparatus shown in 215 may be used. 
With this the measurements can be made witK 
extreme accuracy, and by the first law of electro- 
lysis [see later paragraph] this forms a funda- 
mental standard by which current.- integrating 
mstrunumts can be calibrated. When used in 
tlfis way, the appaiatus is known as a voltameter. 
When the copper wires were used in the water, 
the oxygen did not buhbk' off, b(*cause it joined 
itself to the copper to form oxide of copper, 
Aihich wfis rapidly dissolvtd by the acid in the 
water. 

Electrolysis. Decomposition of a liquid 
by the passage of an electric curn*nt through it 
is a .sort of electric nnali/.si.s ; but this term was 
.shortened by Faraday first to electro -analyaU 
and afU'r wards to elect roli/.si>i. One of tho most 
fundamental facts about the elec- 
tiolysis of liquids is that the liquid 
IS apfiaiently not dt'composed all 
along the path traversed by the 
luiKMit III the li(|ind, for the pro- 
ducts of the di'eoin position come off 
only at thc‘ el(‘etrodc.s, where the 
eiiiKMit (‘liters or leaves the liquid. 
Whtm any arid i.s thus decomposed, 
hvdrogen gas is })rodueed, and it 
apparently travels through the 
liquid, being carried invisibly along" 
by the cleetrieity, and is deposit^ 
at the place where the electricity 
leavers the liquid, namely at the 
surface of the kathode. U strong 
hydnx'hlorie acid is decomposed by 
a current, hydrogen is given off at 
the kathode and chlorine gas at the 
anode. The substances such as 
oxygen, chlorine, sulphur, etc., which appear at ’ 
the anode apparently travel tlirough the liquid 
in the direction opposite to that in which the 
electricity is travelling, and others, including 
hydrogen and all the metals, are invisibly con- 
ducted through the liquid in the same direction 
as the electric current flows. There are various 
theories t<> account for this, but we ne^ not 
croiible about them. 

Xbe Ioti8, Whenever electricity is passed 
thixmgh on electrolyte, some of the mokculea 
are sp4t up into two parts, which then travel 
opposite ways, one part going mth the current 
to the kathiide, the other part going against thd*^' 
ciprent to the anode. To these travelling 
parts of the molecules Faraday gave the name 
of fhr ioiM, a term of Greek derivation which . 
means the things which trat>el. In some caiwss* ^ 
the ions consist chemically of snnpfo atcunsi 
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aa hydrogen, or chlorine, or copper ; in other 
cases the ion may consist of a group of atoms 
such as SO A or CN. Those ions which travel 
to the kathode are called kcUhions ; those 
travelling toward the anode are called aniona. 

The following is a statement of a few electro- 
lytes and of the ions into which th<‘y are d(‘- 
composed : 


Electrolyte. 

CliemiOid 

Symbol 

Katlnon. 

Amon 

Water 

H.O 

31 

() 

Concentrated Hy- 
♦ drochlonc Acid . i 

IKM 

H 

Cl 

Common Salt . j 

1 NhCI 

Na 

Cl 

Kuiplmric Acid 1 

1 If SOa 

li 1 

' so, 

Snlpliato ot Cop|jf»r | 

1 CuSOa 

Cu 

so. 

Cyanide of Silver. , 

ArCN 

A« ; 

c\ 
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Migration of the Ions* Aooordmg 
modern views each such ion posst*sH«’c, an 
elementary electric charge, posItI^ e or 
negative, associated with the atom p>r 
atomic group) of matter \ IKisitive 
ion, consisting of an atom (of hvd»og<‘n 
or metal) associated with a positive 
atomic charge (or positive electron), 
will, when subjected t(j an electro 
motive force, travel in th(‘ direction of 
that electromotive force, while a nega 
tivo ion, because it is associated with 
a negative atomic charge (or 
negative electron), will travel 
in the opposite dirwtion, and 
will move to^^ard the anode It 
has been shown that each kind 
of ion migrates with a dehnite 
velocity, proportional to the 
numbt'r of volts per inch of path 
lietw eon the elcctro<ie.s 
£lectrolysi9 of anode of 
Metallic Solutions, platinum foil 
Another very simple ex- 
periment [216] in electro- 
lysis is afforded by the decom- 
position of a copper salt, and the 
deposit.of metallic copjier. For 
this purpose procure an ounce / — 
or two of the blue crystals of 
sulphate of copper — often called 
blue vitriol — and dissolve a few 
of them in water, producing a 
blue solution. As they dissolve slouly, a 
strong solution cannot l>e made in a 
hurry. Procure also a few strips of she**! 
copper J ig, abroad and 4 in. or 5 in. long, 
and some similar strips of German silver. 


be any bubbles of gas given off# but a deposit 
of fine red metallic copper wiU occur on the 
kathode (the metal strip joined by wire to the 
zinc polo of the cell), while the copper plate 
that serves as anode will bo observed to become 
discoloured, and some of it will bS dissolved. 
In fact, in this experiment copper is dissolved 
away from the anode and an equal quantity 
deposited on the kathode, '^rhe equality In'twecn 
the amount of copper dissolved off the anode 
and that deposited on the kathode can be tested 
by weighing both of them before the expt'riment 
IS made, and by weighing them again afterwards. 
Tlu* gain in weiglit of the kathode ought pro 
JseJy to equal the loss in weight of the anode. If 
the current has been too strong in proportion 
tf> the si/,e of th«‘ kathode, or if the solution 
ha-, been too w'ciik, the loss and gain may not 
he equal, owing to thi evolution of gases as 
well After having thus deposited copper 
oil a copper kathode, now try to deposit 
eoppi'i upon a strip of (wcrman silver. 
'Cake one of the (terman silver strips and 
make it clean and bright first by scouring 
it with emeiy paper, then cleansing it 
from any trace of grease with caustic 
soda, and then washing it with dilute 
Hiilphurie acid. Join it by a copper wire 
to tlu‘ zme pole of the I^'clanehe cell (or 
a Duiiieirs cell) and immerse it in the 
copper solution. As anode in 
this experiment a copper strip 
HYDROGEN ^ I lllx' appropriate, fii a very 
few minutes the white surfaee 
of the (fcrman silver plate will 
Im" found to 1)0 covered with 
a beautiful film of red copper 
firmly adherent to its surface. 
In fact, it is now copper- 
^ KATHODE OF I'latc*'!- It » not adviB- 
PLAnwM »'>'<' ‘o *7. to deposit 
copptM in this way upon 
a surface of iron or zinc, 
because these metals are 
themsehes electropositive 
to copper. If copper is 
to be deposited on iron or 
zinc, an acid solution must 
not bt^) ustKi, 6ut a special 
alkaline cyanide solution 
of copper. 

Laws of Electro* 
lysis. In the light 
c\t I anting afforded above by the 
l'an>«raph on the ions, it 
is easy to see that there is 
.xratiuna) basis for the law of electrolytic deeom 



'fhey should be carefully cleaned. Place the blu^* 
solution in a glass trough or a glass beaker, or ^posititm liist formulated by Faraday, that the 
even in a common jam pot, and add one or two quantify of chemical decomposition that goes on* 

drops of sulphuric acid to improve the eon- in any electrolytic cell is proportional to^ the 

ductirity. Use as source of current a single 
Leclanch^ cell. Connect copper wires to two of 
tl^ copper strips, imd join one to the carbon 
)^le of the Leclanch^ cell, the other to the zinc 
When all is ready, dip the two coppef^ 
strips into the vessel containing the blue electVo- 
%1h^„ and watch what occurs during the next 
minutes. If all right, there will not 


total quantity of electricity that has boon 
passed through the cell. So, if we know how 
much copper was deposited on the kathode by n 
current of one ampere in one hour, it becomcH 
a simple matter to calculate by rule-oMhree 
how' much o-opper would lie deposited by any 
other number of amperes in any given time that 
the current is maintained, Experiment shown 
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that a current of one ampere maintained for 
one hour deposits 18*22 British grains, or 182 
grammes of copper. Since 1 lb. equals 7,000 
grains, it follows that to deposit 1 lb. of copper 
will require one ampere maintained for 384 
hours, or 384 amperes maintained for one 
hour. The simplest way of stating this is 
is to say that the deposition of 1 Ib. of eopjwr 
needs 384 ampere-hours. In the textbooks 
the electrolytic equivalents aiv generrilly given 
in terras of the number of grammes deposited 
by one amtx'rt^ in one so{‘ond. For eopper this 
equivalent is 00003281 grammes. 

Another of th(' laws discovered by Faraday 
is that when w<‘ compare different eh(*mical 
elements with one anoth t the amounts deposited 
electrolytically (by the sam^ cAirrent for the same 
time) are proportional respectively to their 
chemical equivalents — that is, to the proportions 
in which in 
chemical re- 
actions they 
aic equiva- 
lent for ex- 
change. The 
chemists 
take hydro- 
gen as stand- 
ard, ami tell 
us that the 
amount that 
'is “equiva-210. ije<’0!mih)sitiov of si^lph 
lent” for ex- of coi’PER 

change pur- AikmIc k. KatiHxu* 

poses to one gramnu' of hydrogen is 3l'.V.l 
grammes of eoppv'v. or 107 '07 gruiumes of silver, 
and so forth, lienee we may construct a hiblc 
of electrof'hemieal etpuvalentH as follows : 
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Voltage* Necessary for Electrolytic 
Decomposition. If ve try to decompose 
water with the use of a single Daniell cell, 
whose electromotive force is 1-07 volts, or 
even a single lA'eIa,nelu^ coll, wIioh* pleetro- 
inotive force is 1*5 volts, and terminal voltage, 
therefore, something less, ^^e shall find that 
there is no evohition of gas at the electrodes if 
they are of a non-oxidisable metal, such as plati- 
num, and that no curix?nt is carried through the 
liquid. If, however, we use two cells, th*^ process ' 
goes on as already described. The reason of this 
phenomenon is that a certain minimum voltage 
(1*47 in the case of water) is required to bre*ik 
up the molecules of the liquid into its jJositi\(‘ 
and negative ions, and so enable them to be 
deposi'ed at the kathode and the anode. Under 
the iufluenec i>f a v»**tage less than this the 
hquld is no^ lOndnctive, and tliis voltage is a 
, measure ol tlm chemical aflinity of the two * 
elements or ions for one another. 

dm 


If, however, electrodes of zinc or of copper are 
used, one cell will decompose the water because 
each of the oxidisablo metals has an afi^ity for 
the oxygen of the water. Thus, for instance, 
copper has an affinity of about 0*8 volts for oxygen, 
and if a piece of copper is placed in water, or m a 
solution, of a copper salt, it tends to dissolve into 
that liquid with an electromotive force of about 
0*8 volts. It does not, however, dissolve, because 
it could only decompose the w'ater by tearing 
away H from O, and this needs 1 '47 volts. But if 
one Daniell’s cell is applied, as in the experiment 
above, to the copper electrodes, the voltage of t^e 
cell adds itself to the affinity voltage of the copper 
anode, so that there is more than 1 *47 volts acting. 

Energy Required for Depositing. 
In electrotyping, where the anode "and kathode 
arc both copper surfaces, each tends to dissolve 
back into the liquid, these tendencies being equal 
and opposite. Hence, when (‘ven the smallest 
ckx'tromotivc force is applied, it will cause a 
.sm-ill current to flow from the anode to the 
kfAhodc, for copper will be dis.solved off at the 
iMiode, and an equal quantity will he deposited at 
the kethode. In a reciprocal action like this, the 
energy required is only that ne(*essary to drive the 
eiirrenl through the ohmic resistance of the liquid, 
and it all disapp<‘ars in the form of heat. In other 
ei>es. uhere tin* anode and the metal dt'posited 
at tile k'llliode, as, for mdanee, in the depo,sition 
ot liydrogim in the (‘li'ctroly.sis of water, a certain 
amount of work is recpiired to overcome the 
cliemicil affinity of the constituents for one 
another, and an ext r ' atnounl of energy is r*‘quircd 
which is transformed from electrical energy into 
e I lemic'd energy, which isreiidorod potential, n,nd 
m ,y he recovered snd inad(‘ to do useful work. 

Electrochemical Processes. Apart from 
the deposition of metals, which is treated in 
tin* next hvsson, there are certain processes 
which depend merely upon, t,he elect roly.sis of 
solutions. Among these is the production of 
crust M* and bleaeli'ng liquor by electneity from 
common s ilt As shown above, salt is a e.hemicpd 
compound of sodium and eUhirine. When a 
current is pissed through a solution of it, 
chlorine is liberated at thf‘ anode, but the sodium 
uhieh should be liberated at the kathode hai 
such all affinity for water th-it it combines with 
it, forming caustic soda in the neighbourhood of 
the kathode, and giving off hydrogen. There 
a’'e several difficulties in the commercial applica- 
tion of this process, (^hlorine is to some extent 
soluble in brine, so that a porous diaphragm has 
to be arranged between the anode ana kathode to 
prevent the mixture of the chlorine and the 
caustic soda. To further attain this end, the 
fresh brine is added on the anode side of the 
partition, and the soda is drawn off as it is 
formed from the kathode region. Another appli* 
cation of this principle is the treatment of sewage. 
In the ordinary way, sewage contains enough salt 
to ensure a copiou.s evolution of chlorine at the 
«tiode when a cuiTent is passed through it. Now, 
chlorine Is a good disiufect.aiit. and by this means 
tlie sew'age becomes deodorised by the presence 
of the chlorine, which becomes disdolvoa ia it. 
Continued 
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hearings. The form of l>eaniig 

for a shaft journal is illustrated in 56, and consists 
of a metal boss having n foot cast with it foi- 
convenience of bolting down ; such a bearing 
is U*rmtxi a “ deadcye." It is chiefly us4‘fi 
for slowly revolving shafts 
of hand -driven appliances ; 
when wear takes place 
it is necessary to renew' 
the bearing itself. Fig. 

57 shows a similar dead- 
eye fitted with a renew- 
able gun metal Hleev(^ or 
bush, which is forced into 
place, and can be repUnu^d 
w’hen worn. Alternatively, 
such plain or bushed bos.scs 
may be designed as part 
of a machine framing in- 
stead of being separate 
pieces. A great d *iw'back 
to the use of these bearings 
is the necessity for parallel 
shafts, and the inconven- 
ience of removing all objects 
keyed thereon in order to 
get the shaft out of the hearings, for it must 
obviously be movetl endwise. 

Divided Bearings, The divided brass and 
adjustable cap are illustratc*d in 58. They have 
not only the twl vantage of being renewable, but by 
taking off the cap piece and one lialf of the brass 
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57. DEADKYE WITH Bl SII 


the shaft may be removed l>odily ; the hearing 
is also adjustable by the tightening of the cap 
holts and tbc consequent closing of the brasses 
when wear lias taken place. The eaj) is secured 
by stiuls aud hx'k nuts ; the brass has pegs 
cast on it W'hich enter cor- 
responding holes in the cap 
aud seating in order to pre- 
vent turning ; flanges are 
provided at eacli end to 
t!ik<? the thrust of collars, 
etc., ou tht‘ shaft. Tliese 
lH‘arings may ho arranged 
as jiart of a machine frame 
or alternatively as a sepa- 
rate article. Fig. 59 indi- 
cates it in this latter form, 
whtm it is termed a plum- 
mer block, or pedestal^- the 
cap bolts })ass through the 
block, and have square 
licads fitting in square 
holes ; the bast* of the block 
has facing strips provided, 
w^hich facilitate the fitting 
of tlu^ pedestal in its place, 
'^rht* proportions for 58 and 59 may be taken 
as follow ; 

Thickness of brass . . B 
Thickness of flange* 


. i_. I 


. (* 

Length of turned jiortion T) 
. K 
. F 


Diameter of peg 
Thickness of cap 


•lA I 15 in. 
B 

1-7 B 
B f J in. 

•4 A 



68. DIVIDED BSARmO 



1‘8 A 

•25 A 4 I in. 

I A 

1-5 A 
•58 A 
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Centres of cap bolts . . H 
Diameter of cap bolts I 
Height of block above 

centre J 

Height of block base 
to Centro . . . . K 

Thickness ot base . . h 
Centres of base bolts M - 2 75 A f 4 in. 
Diameter of base bolts N — •‘25 A ^ J in. 
Iicngth of base . . O - 5*5 A h 5 in 
I.<C‘ngth of bearing . . P - 1 *75 A 
The brasses need not nei'cssanly 
be circular in outside torniatioii ; in 
fact, many of the earlier ty|x‘s ot 
bearings had h(*xagon-shaped ex- 
teriors. A good form is shown in 60, 
where the brass is square on the out 
side, and fits into a square block, 
the cap being made of mild steel ; ' 
the whob liearing is bolted to the 
steel side-frame of a heavy steam 
crab. This example is taken from an 
actual working drawing. 

Adjustable Swivel Bearings. 


adjusted in a vertical sense by means of tbe 
screws which can lie rotated with a bar inserted in 
the holes of their bosses. The screws can he 
locked in position by set screws, as shown in the 
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modern form of bearing used largt'ly for line 
shafting is illustrated in 61. Tt coSHists of a 
east-iron lx*ariiig divided on the centre line and 
held together by 
square- threaded ^ 
screws at the top 
and bottom ; the 
ends of these 
screws have con- 
cave heads 
which fit over 
correspond - 


i 1 


main bracket. The 
shajx* u£ the bracket 
varies considerably, ac- 
cording to require- 
ments; the one shown 
161J is arranged for 
bolting up to a wall 
or column, but can easily be designed in the 
shape of the letter J, so as to bolt up to 
a ceiling joist or beam. The proportions may 
he taken as follow : 
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60. bqVAKE brass ani> steel cap 


Length of bear- 
ing if cast iron B - 4 A 
Length of bear- 
ing if brass . . B s-= 2 A 
Distance be- 
tween bosses C := A 4" J in. X 2*75 ' 
Depth of boss D = A4- J in. 
Diameter of 
boss .. .. E=: Ax 1-8 

Diameter of ' 
screw , . . . F — A 


8 g <mvex proiwtio^ utl the central part of Lubrication to effected by meaM of the two 

holes, whiob are fitted wife kbricatMajaoipe. 
radial ly^ , and at the same time can be times an oil tray is suspended undemeatii the 
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bearing to catch the Avaste oil. Xu the case of tlie 
shorter brass bearings the screw is made hollow, 
and lubrication is effected through the centre. 

Railway Axle« , 

boxes. Another tyi)C of 
>)oaring is tht; railway 
axle - box, which has 
several unique features 
not found in ordinary 
bearings. The brass does 
not embrace the whole 
c i r c u m f e r • 
ence of the jour- 
nal, nor does it 
extend the full 
length. The 
load always 
comes on 1 he 
brass in a ver- 
tical sense, and there is 
therefore no necessit y for 
a lower half brass, its 
place being taken by 
a device known as a 
“keep,” which pr<‘ von Is 
undue vcTtical play l)e- 
tween the journal and 
the brass. Wlu'u a train is travelling at a high 
speed or ])assing round a curve there is eou- 
siderable movement sidtuvays. which must be 
allowed for in th(‘ axle-box, 
otherwise the continual side 
1 1 1 rusts would dcst roy it. Tai I > - 
ricat ion is also a most important 
factor to be arranged for. 

Waggon Axle«box. 

Fig. 62 shows a standard waggon 
axle-l)ox having a joui nal Il'j in. 
diam(‘tcr l)y in. long ; the 
brass is 2^, in. wid<^ by 7; in. 
long. It is not lu*ld in plac<* 
by any fastenings, Imt is simply 
placed in a recess, as sliovn, 
and kept there hy the pressure 
of the load transmitted to i1h' 
journal. End movement of the 
brass is prevont('d l)y the 
shoulders formed uj)on the 
central portion. The axle keep 
is simply a 5-in. diametei holt. 
n»e top of the box is made m itli 
a rcetangiilar recess for th(‘ re- 
ception of the bearing si)ring, 
whieli does not lit it tightly, 
but has a small clearance all 
round lo allow for ))lay. Tlie 
whole box is guided in born 
plates, and definite elearanei^ is 
also allowed here. The cham- 
ber between the brass and the 
spring scat is fflled with grease, 
which melts as the Ix'aring be- 
comes slightly warmed, and 
passes through tlu^ two boles 
which lead to the journal, and by such means 
a plentiful supply of Inbrieani is assured. A 
wooden shield is tilted to a shallow chamber at 
the inside end of the box in order to keep out 
1» 
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dust and dirt, '^riie views illustrated comprise 
a longitudinal section of the box and brass 
showing the journal in cxti*rnal elevation, the 

dust shield and 
the grease door 
being a 1 s o 
shown ill see- 
l ion ; a half 
t r a n s V e r s i‘ 
section, A A, 
through one of 
the oil holes 
s h O \v s t h i'; 
shoulder on the 
brass, Avhieh 
prevents its end 
movement ; a 
half t-ransver.se 
section, BI?, on 
till* eiaitre line; 
a half ])lan ; a 
half sectional 
plan ; and two 
vut'ws of the 
brad’s. 

Carriage 
Axle»box. A 

axle-box is ill us 
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61 . SWIVKL BKARiyO 


typical heavy bogie-earriage 
traled in 63. M’he journal is 5 in. diametiu* by 8 in 
long, and t)u‘ brass is held in a slightly dillerent 
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manner to the waggon box brass ; the keej) if. 
formed by the circular hole in the inside end 
of thi5 box, which prevents the axle Ixiiig 
seriously displaced. The box is fitted into the 

32()r> 



DRAWING 


Hteel frami" of iho bogie, and is held ther(‘in by C§ in. diameter by in. long ; the brass is a 
two 1-in. diameter bolts, which pass thi’ough complete half-oircle on the journal, but is bored 
the whole deptli of the box. Tlie bearing out .}.> in. clear of the axle on each side to allow 
is lubricated from beneath, the space below for pfay ; the ket^p is an iron easting held in 
the j(mrna,l being used as an oil bath, and place by two g-in. pins ; the box is guided by 
the whole chamber up to the axle being filled etist-iron guide bars strongly bolted to the steel 
with a mixture, of cotton waste and horsehair. fra-mes of the locomotive ; the rectangular bar 
Sometimes a pad is placed under the axle and with rounded end shown at the top of the box 
is supporltHl in a light metal frame, and suitable conveys the pressure to the spring. The up{)er 
feeding wicks are led into the oil hath. The door part of the box is hollowed out to serve as an 
in the front end of the box is niueh larger than oil reservoir ; two oil tubes are fitted as shown, 
in the previous (*xampl(*. in order to admit the and tare fed by wieks led into them from the 
pad, etc. The views given are generally similar reservoir ; a thin steel plate covers the top to 
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to 62, hut an <‘iid elevation takes llic ])laee of keep out dust and dirt. Axle-boxes of this class 

the detail of tin? brass; this i.s thuie in order to are freqiUMitly tit ted with oil ])ads in the hollow 

show the door and its spring. It will he noticed of the keej) as an additional means of lubrication, 

that in the longitudinal section the hinge pin The keep eaii be reniovecl bodily for inspection 

of the door is iiiditaited by chain-dotted lines ; of the pad. 

this is a convention adopt(‘d in order to show Bearings. Brass and bronze 

a detail which, properly speaking, could not be are not the only metals which are used for 
seen, since it is on that i)ortion of the bax which bearings ; various fusible alloys are also available, 

is removed in order to show the seetional view. but are used as linings only, a removable shell 

Locomotive Axle-box. A locomotive being employed to carry ti^em. Fig. 66 illus- 
axle-box is shown lu 64. It will be seen that the iratos a .shell lined with Babbitt metal, which is 

construction differs slightly from the waggon an alloy of tin, copper, and antimony ; the shell 

box [62] and iho rarriag<‘ box |63], but that it may be either of brass or of cost iron, with 
is more compact and substantial ; the journal is recesses as sho^vn to prevent movement of tho 
3266 




3267 


64. LOCOMOTIVE AXLE-BOX 





DRAWING 



lining ; Ibis class of bearing is iisefl to a greater 
ext(‘nt in AintTiea Ilian in England, and the 
example given [65) is a reproduction of an 
American working drawing. Tin? shell is some- 
what thinner than an ordinary brass hearing, 
and is machined all over to bear its full haigth 
in the pedestal or seating block ; it is prevc*ntod 
from turning by a pt‘g or dowel iixed in the 
pedestal, and entering the lower half of the*, 
shell. The lining is readily renewed when worn 
away too much for the proper sufiport of the 
journal. Babbit t and sim ilar metn Is melt at a low 
temjierature, and can be poured like type metal ; 
to renew a lining the old one is first melted out, 
then a dummy shaft or mnndrel is plae(*d in 
the shell, and new metal poured around it. 

Brackets and Hangers. Tt is only in 
the building of a machine or engine that bearings 
are formed or fitte<l direct to framings, etc. 
For line shafting and for b(*arings on structural 
work it is usual to have a bracket betwei'ii the 
bearing and its ev(*ntual support. Fig. 66 shows 
a plumima* block titled to a, bracket, which has 
feet at right angles to tin* foot of the bkick, and 
is suitable for bolting to a wall or a column ; 
the block might- be cast in one pi<*ce with the 
bracket', but when made 
separately, as .shown, it is 
readily adjustable hori- 
zontally and vertically; the 
V)olt holes in the \mso of 
the }X‘des(al are slott 4 LHl, Si» 
that the block may lx* ad 
justed laterally ; hard- 
wood or stf'cl wedges ok* 
then di*iven in at the ends. 

If vertical adjustments be 
I'i^quired, a liner may lx? 
placed between tin* base 
of tin* ped(‘stal and the 
bracket. 

Fig. 67 illustrat(*s a 
Imngor s\utablc for sus- 
2 )encling a ped«*stal from a 
ceiling or roof girdei ; the 
block is adjusteblo In tb ^ 
imme manner a.^ in the 
l^revious example. The 
3268 


dimensions of 66 
and 67 are found 
hy multiplying the 
figures given on 
the draAving.s by 
A H- i in. w'hero 
A — diameter of 
shaft ; the overall 
dimen.sions are of 
course modified to 
th(? local conditions. 

There are many 
bearings which may 
bo clas.scd as special, 
such as foots! 
hearings, thrust 
bearings, roller 
bearings, ball bear- 
ings, heavy crank 
shaft bearings, etc. 
'riiese are all dealt with in Machine Design. 

Belt Driving. B(‘lts are used for trans- 
mitting power from line shafting to machines by 
m(*ans of pnlhys ; 2 )(>wer may also bo takon 
from an engim* ov a dynamo to shafting by 
belting and pulhys. Diiving belts art? usually 
made of leather, hut other materials, such as 
camel hair, cotton, indiarubber, etc., are suc- 
cessfully em])loyevl, and iu .some situations are 
.superior fo leather, as fhc*y art* less affected hy 
damp, eht'tnieal fumes, etc. ; in the ca.se of the 
camel-hair l)t*lting, tlu*re is less slip betw’een the 
beh and tlio pulley, and consequently a better 
tlriving effect is obtained. lA'ather bplt.s are 
madt? from the best portion of ox-hide.s. J’hc 
amount that cai\ lx* utilised from an average 
hitle is about 4.^ ft. long by 4 ft. wide, and i.s 
tt*rmed the “ buff.*’ Tlio fhieknt'ss is about 
I’i. in. to I in, ; the ultimate, .strength of the 
]M(‘pared l!*atlu*r is al)c>ut 3,500 Ih. per square 
inch, hut Ibis eamiot he laken full advantage of 
ill a l>elt on account of the jointing ivhich is 
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necessary. I £ 

due allowance 1 

1 

be made for the f jl! 

laced joint and \ ^ 

for a reasonable \ 

margin of safety \ 

350 lb. per \ 

square inch may be \ I 


takenasasafowork- 1 
ing load. In calcu- \ 
lating the size of a 1 
belt fora particular 1 
duty it is more con- 1 
venient to figure t he 1 
load in lb. per inch 1 
of width of belt ; 1 

350 lb. per square 1 

inch is equal to 0(3 lb. 1 

per inch of width if 1 

the bolt bo in. 1 


thick, or 78 lb. if the 1 | 

belt be J in. tliiek. 1 


Double bcl t s a i*o made 1 


by cementing t wo 1 

strips of leather to- U 


getbor in a super im- i 

1 r;. 1 

posed position ; they 1 

V ' O' 

are then sewn or 1 

1 ' f ' 

riveted ; the resulting V 

! L 

till t in 

ujLi iv.'iviiv no in o vji *> iii«^ 

as the oasemay be. Such 


belts have not quite 
double the strength of 
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single belts, nor do they drive quite so efllciently, 
and as they are not so flexible they cannot be us(‘d 
on small pulleys ; a 30-in. diameter pulley is quite 
small enough for a double belt to drive projwrly. 

Speed and Power of Belting. The 
speed of belting varies according to the work it 
is designed to do ; lathes and machine tools 
have a belt speed of 1,000 to 2,000 ft. per minute, 
line shafting may go up to 2,500 ft, per minute, 
main drives from engine^s up to 4,000 ft. per 
minute ; some belts run above this latt^^r spet^d. 



vn(5i:r and pummkr iu.ock 

very important tt) note when designing belt 
drives, since v'ery incflicient drives result if the 
ditferenee in diamettu* between two pulleys — 
driviT and driven — bi‘ greater thanO to 1. For 
instance: If a O-ft. diameter pulley were set ti» 
drive one of 12 in. diameter, there would be 
scarcely any grij) of the belt upon the smaller of 
the two unless they were placed a long way apart 
or some tightening device arranged. 

Tensions, 'riio tension in a belt is not the 
same on both sides of the drive, but the pulling 


but no material advantage is gained thereby. 
The speed of a belt is easily calculated from the 
diameter and speed of the pull<*y. The rule is : 
Multiply the diameter of the pulley by 
and by the number of revolutions per minute of 
the shaft. Example: A sliaft revolves at lot) 
revolutions per minute, driven by a pulley 30 in. 
diameter, the speed of the driving belt is 30 by 
3T416 by 150 - - 1414 ft. per minute. A slight 
inaccuracy, houever, is liere to be noticed ; tlu^ 
speed calculated above is the theoretical speed 


or driving side lias to sustain a load above the 
power transmit ti‘d eipial to the frictional resist- 
ance to slipping on the surface of the pulley, and 
this must lie taken into account when estimating 
the size of a belt. A good average ratio works 
out at 2 to I — *.e., the driving side has to sustain 
twice the tension du(‘ to the ])OW(‘r transmitted, 
upon which basis wc may calculate the width of 
a Vielt as follows : 

Maximum load on belt in lb. 

borse-})ower y 33,000 x 2 


of the rim of the pulley ; now a belt “ slips ” to a 
certain extent upon the face of a pulley, and liy 
that amount lags behind the speed of the pulley. 
The usual amount is 1 per eimt., so that the 
actual belt speed in the case above figured out 
would probably be 1,400 ft. per minute. 

Power is transmitted from a belt to a pulley or 
vice versa by frictional contact, and it therefore 
depends considerably upon the arc of circum- 
ference embraced; if the arc of contact Ix) 


speed of b(‘lt in ft. per min. 

Width of hell in inches 

ma.vjinum ]oa<l in lb. 

75 lb. per inch of width 
fur single belt, and 

ma.ximum load in lb. 

140 lb. per inch of width 
for double belt. 

Tlie ratio of the tw'o tensions in a belt drive varies 


increased or decreased, so the grip of the belt aceordingtothecoefficient of friction between the 
upon the pulley is increased or decreased, and belt and pulley, and also upon the arc of contact, 
the driving effect varied accordingly. This is • Coniinued 
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By Dr. C. W. SALEEBY 

VWK havo alnmdy said that tlu* ketoin^s am Characteristics of Chloroform. It is a 
rl()S(^ly allied to tlie ald(‘liyd(‘s. VV’hen a colourless, mobile, bighly refraetivo liquid, the 

prim.'iry aUrohol undergoes oxidation the pro- |)hysical pro])erti(‘s of wliieh — such as its specific 

duet is an aldehyde ; when a secondary alcohol gravity— are of importance in relation to tests 

undergoes oxidation the product is a kettme. for its purity. It is liable to undergo change on 

There are several other ways in which the exposure to light, and its manufacture is eoni- 

k(‘tones may be produced. Their relation to j>lieated by the oe{urreiiee. of a large number 

th(i aUhdiydes is la^st shown by instaneing the of impurities, souk? of which may be highly 

most imt)ortant of the ketones. Thus, Sir William dangerous when inhaled. Chloroform exposed 

Ramsay says : “ VV^hile aldehydt^s contain ear- to air and light yields, among other substances, 

bonyl, the group CO, in union with an alkyl chlorine and hydrochloric acid. It is of im- 

radical and with hydrogen, ketones contain mense importance that chloroform, when used as 

carbonyl in union with two alkyl radicals. 'I’his an aniesthetie, should Ix^ as pure as possible, and 
analogy is shown by the formula' : therefore too mueli care cannot ho spent upon 

CIT . — CO — If (il.. — CO- (Tf j its manufacture and the manner in which it 

Ald(‘hyde Dimethyl ketoiK' is kept after manufacture'. For iustanee. 

Acetone. 'Plu' substance the formula of surgeon should allow chloroform to he 

which has just been state'd is, without doubt, <‘xposed to light if it is afterwards intended 

the anhydride of a dihydrie alcohol. The Ix' used for purpose's of inhalation. This 

reader should write the graphic formula and ixxly is a valuable; solvent for a large nuinbei 

see this fur himself. Its most common name organic substances, such as resins, gutta- 

is aainne, and it is usually pnxlueed by the pereha, alkaloids, etc. Its purity for purposes 
action of heat on the aee'tate of calcium. It <»f this kind may xlso he important. Fure 

is a colourless mobile liquid which, as might, be chloroform should yield no opalescence on 

expected, is extremely inflammahh\ It is a admixture with water, and should not be 

useful Holvx'ut fora, number of substances such coloured on the addition of sulphuric acid 

SIS resins and eam{)hor. ft is the first of the or chromic acid. 

ketones, of which a. large numlx;r have been Preparation of Chloroform. There 
prepared. Wlu'ti ketones are oxidised tlu'y are many chemical prex'esses which will 

split up and yield a mixture of acids. This is as yield chloroform. It may he obtained, as wc 

might have been ex{)ceted, giving us two parallel iiave already noted, by the direct action r)t' 

results of oxidation, thus : jirimary alcohol. chlorine on ‘marsh gas, or, on the other hand, 

aldehyde, acid ; secondary alcohol, ketone, acid. the body which has the formula OFl^ will yield 

There is no end to the complexities which are ehlorofoViii jimler tlie inthu'nce of hydrogen 

possible by rt'Hson of the existence of these vari- so conditioned as to replace; one of its chlorine 

ous alcohols, aldehydes and ketones, ('hemists atoms by an atom of hyelrogen in each molecule, 

are able to make atoms and grouj)s of atoms, ddoroform is also formed by the action of 

siu h as hydroxyl (OH), carbonyl ((’()), and ear- alkalies upon chloral. This fact is of hi.storicaI 

hoxyl (('()( )H), change place's with e)ne anotht'r inteMX'st. for chloral was ini roduoi'd into meelicino 

;ii‘ee)rding to e-ireuiiistanea’s, and even iutreMhue by Lie-breieb unde*r the impression that the 

a w hole se*ries e)f e)the'r atejms such as those of the a.ikaline hloe)el w’e^uld cause it to yie:ld chloroform, 

haleegeiis. Space has avaih'el us lu're inere'ly to in virtue of which it would exe*reiso useful 

outline the subject aiul to ee)uside*r e)ne e>r two actions. As a matter of fact, chloral is not 

of tlu' meist irnpeutaiil hexlie's out (»f a wholly ele'e-omposeel in the hlooel, and no trade of 

ineletinite numlxT. ehlewoform can he femnd anywhere after its 

Chloroform. The famous and invaluable administratiem ; but a powerful alkali, such 

amest hetic e'alled chloroform shoulel })re)pe'rly he^. as eaustie* potash, easily produce's chlore)form 

ealle'd, as we alre'ady know, /;?V/?/e;Y>///e//ee/«r. It by tliis d'.'eemipe)sition. ‘This method is fairly 

is simply methane, of which three atemis of eh<*ap, hut that most ceunmonly employeel 

hyelrogenhavebee'ii replaee'd hyatomsofehlewine. e'onsists of the elist illation of a mixture of 

It was independently (iisee)vered by variems hl<*a.ehing poweler and highly diluted ethyl 

e hemists in America, Frane’c, and (h'riimny in the ale'ediol. The somewhat complicated series of 

years 1831 and 1832. In 1S34, its eemstitution n'aetions cannot, here eletain us, but the 

was rex'Ognisexl by Dumas. It was in 1847 extreme impnrtane'e of the purity of chloroform 

that Sir Jeimis vSimpson introdue^e'd it as an use'd in medicine and surgery, and the very 

aincsthet^ie into surgical practice. In a large serious consccpicnces whi(‘h may follow upon 

number of cases, in g(meral surgery, in midwifery its impurity in such cases, are worthy of 

prac;tice, and on the baiileficld this compound reassertioii in closing our discussion of this 

has no rival as an anaesthetic. body. 
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Allies of Chloroform. If cliloriue can 
replace hydrogen in methane, so, of course, 
can the other halogens. Thus, in strict corre- 
spondence to chloroform, CHCl;., wc l\avc bromo- 
form, CHBr.j, and iodoform, CHI... Bromoform 
was expected to be useful as an anocsthetio, 
since the bromides, such as potassium bromide, 
have a soothing action upon the nervous tissue ; 
blit the drug is too dangerous for employment. 
Iodoform, however, a yellow crystalline solid 
(to which we have already referred, since its 
production is a test for the presence of alcohol), 
is extremely useful in medicine, or rather in 
surgery, though its employment depends upon 
other chemical characters than those of chloro- 
form, and is directed to different purpo.ses. 
Iodoform (which, of course, should technically 
be called tn-iodornethane) is formed by heating 
together alcohol, iodine, and caustic potash 
with the production of potassium iodide, water, 
potas.sium formate and iodofor?n — which cry.stal- 
liscs out in distinctive yellow crystals. These 
should be powdered before use. 

Iodoform has a very characteristic odour ; 
it is scarcely soluble at all in water or alcohol, 
but freely so in fixed and volatile oils, chloro- 
form and ether. It contains nearly 97 per cent, 
of iodine by weight, as the reader will under- 
stand if he remembers that the atomic weight 
of iodine is 127, and that there arc three atoms 
of this element in each molecule of iodoform. 
Free iodine is given off by iodoform at the 
quite low temperature of 250° F. 

Action of Iodoform. The surgeons say 
most positively that iodoform is an extremely 
valuable antiseptic ; th(‘ bacteriologists reply 
that, on the contrary, iodoform has no antise])tie 
properties at all, that bacteria can grow in 
it freely, and that if the surgeons use it they 
should sterilise it first, just as they sterilise 
anything else that lias no anti.septic properties. 
Chemistry comes in and solves the inooiii- 
patibility bet, ween these two sets of statements ; 
and, as might be expected, the solution offered 
by chemistry has k^d to considerable improve- 
ment in the manner in which iodoform is used 
and to the obtaining of better results than ev(‘r 
from it. It is true that, as such, iodoform has 
no antiseptic properties ; it is also true, on the 
other hand, that elementary iodine is an ex- 
ti'cmoly powerful antiseptic. 

When iodoform is used in surgery it is dis- 
solved by the oily matter which is present 
everywhere in the body. When thus dissolved 
it is readily decomposed by many agents. Free 
oxygb.1, under the influence of light, decom])Oses 
it. Living protoplasm, aided by oxyhoomoglobin, 
HbO.j, decomposes it ; so also do many of the 
poisonous organic substances which are pro- 
duced by bacteria when they grow in the body. 
The consequence is the very slow but con- 
tinuous production of iodine in the na.scent 
state. The jiroduction being slow, there is no 
local iiTitation ; the iodine being nascent, its 
chemical activity is very great indeed — in 
other words, it is more powerful an antiseptic 
than ever. Hence, we now have a complete 
explanation, in accurate chemical language. 


of the invaluable properties of iodoform in 
surgery. 

A Trihydric Alcohol. There is ob- 
viously no rea.son why we .should stop at 
dihydric ak’ohols, any more than at the mono- 
hydric alcoliols which were first considered. 
As a matter of fact there are trihydric alcohols. 
Tho.se again, like t-hoir predecessors, may 
regarded as hydroxides or hydrates ; and, 
their predecessors, they may bo dehydrated, 
yielding oxides or anhydrides. A large niimhor 
of such bodies exist, and they may be divided 
into various groups according as each hydroxyl 
group is altaiflied to a separate carbon atom, 
or two to OIK* carbon atom and one to a second, 
or all three to tlic same carbon atom. Hen*, 
how'cv'er, vve shall discuss merely one trihydrie 
alcohol ; this belonging to the series in which 
each hydroxyl group is attached to a s(*parate 
carbon atom. This alcohol should ])roperly 
be known as glt/rcrol^ but that is not the most 
familiar form of the name, thongli it is good 
as suggesting the chemical character of the 
substance. 

This trihydric alcohol is commonly spoken of 
as (jlyrfrini\ Jt may be obtained in a number 
of diff<*rpiit ways, but of thes(* we ii(‘(‘d only 
mention the most practically important. The.st^ 
consist in utilising the action either of powerful 
alkalies, such as sodium hydrate, or of super- 
heated steam upon fats or fixed oils. ('rin* 
reader will r<‘member that a fat and a fixed oil 
are ehemieally idiaitical, differing only in being 
solid or liquid, ros])ee lively, at ordinary t(‘m- 
peratures.) 

Properties of Glycerine. The ])rodnetion 
of glycerine from a fat or lixcd oil is of tin* 
greatest elu'inieal int(‘rest as throwing light 
upon the nature of fats and upon various 
physiologi(*al and commercial processes. We 
discuss it in eonsidtTing the fats in general ; 
meanwhile vve merely ob.serve that this is the 
fashion in which glycerine is usually obtained, 
and that in order to endow it with the greatest 
purity it is distilled either with superheated 
steam or in a [)artial vacuum. If glye(*rine 
be distilled at the ordinary pressure of the 
atmosplu*re it undergoes decomposition. 

The empirical formula of glycerine is usually 
written (/..H.(()IT).,. This expresses well enough 
the relationshij) of this trihydrie alcohol to pro- 
pane, ( -..IIh. Plainly, threje hydrogen atoms of 
propane have been replaced by three hydro.xyl 
groups to form glycerine. Also, if we e^dI 
C..I1. glycerine is the hydrate of glyceryl. 

The physical characters of glycerine are familiar 
to everybody. It mixes readily with water and 
alcoliol. Its affinity for water is extremely 
powerful, and glycerine as wo know it is alw^ays 
a.ssociated with some water, in this respect 
resembling a much more familiar alcohol. Under 
eortain conditions — cooling and shaking — it can 
be made to freeze, and if a crystal of glycerine 
be then placed in liquid glycerine at a tempera- 
ture of 0° C., it causes that liquid specimen to 
freeze also. As wo might, of course, expect, 
glycerine, like any other alcohol, yields an acid 
on oxidation. This is known as glyceric acid. 
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Glycerine and Sugar. Wo all know 
iho sweet tasto of glycerine, a character so 
prominent that it has given the substance its 
name (Greek (jlnkerns^ sweet). We may com- 
pare the name of a typical sugar, glucose. Now, 
sugar is a valuable food, and tlui sweet taste of 
glyccaine has suggcNted that it also may have a 
food value. Plainly, it has gn^at potentialities 
of oxidation. But, as a matter of fact, glycerine 
undergoes eitlua* no oxidation at all, or no 
appr(M‘iablo oxidation, within the body. It has, 
therefore, no food vahu*. 'Phis circumstance 
explains the fact that glycoj’ine has been found 
to fail completely when (un})loyed as a substi- 
tute for cod-liver oil in medicine. It has many 
UK(^H, howevMM*. It is an excellent solvent for a 
number td‘s\d>stanccs ; it does not evaporate ; its 
attinity for water is ()f great value in i)re venting 
undue dryness of any ])art of the skin, and it 
is this hygr<)seo[)ie propiuty which makes gly- 
ecrine so useful in tlie treat numt of, for instance, 
ehapp(‘d hands. It, is definitely antiseptic. In 
virtue of its physical pro])cities, also, it faeili- 
talcs tlu> absor])tion by the skin of various bodies 
which may be tiissolved in it. 

Besides its use in medicine, glycerine is used 
in many iiianufaetun's, and notably as the 
starting point for tht^ production of many high 
explosives. 

Nitro - glycerine, 'PIk* common name 
for the product of glycerine which has explosive 
propcities is nitro-glyc(‘rino, but this name is 
misleading. Nitro-glyccrine w as first discovered 
close on sixty years ago. The possibilities of this 
Kubstanee were later r<‘eognised by the late Mr. 
Nobel, whose naim* will always bo remembered 
by the Nobel prizes wliieh are aw'arded c^very 
year for pre-eminent services to science, litera- 
ture, and the cause of jicace. "Pho reason why 
the name nitro glycerine is incorrect is that in 
organic cluunistry th(^ term nitro is very precisely 
used to indicate bodies in which th(‘. nitro group, 
NOm, occurs in <lircct coml)inatioii wdth a carbon 
atom. On this dclinition the nitro compounds do 
not iiicliulc nitro-glyccrim*, which is really a salt 
formed by the union of glycerine and nitric; acid. 
'Phe thn‘e hydroxyl groups of the- glycerine have 
been replaced by the group NO., of the nitric 
acid, so that this body is really a trinitrate of 
glyceryl. 

'Phe manufacture of tins powerful body is a pro- 
cess of difficulty and danger. rtconsists(;ssentially 
of mixing glycerine* with nitric and sulphuric; 
a^'id, this, indc'c'd, being the original pimc'ss by 
which the cc»m pound was di.scovercd in 1847. 
Usually tin; glycerine is injeeted into a mixture 
of the two acids, which are conlaineul in lc*ad 
tanks that have* tlu‘ir tc'tnpcraturc^ c*arefuUy kept 
low'. The nitro glycerine is immediately fewmed, 
and, as might be* ex}K‘cled, much heat is liberated 
in the process. Tliis heat, of course, must not bo 
irllowT'd to accumulate, or there will bo a disaster. 
The readcM* wall ask what the sulphuric acid 
iU'eomplishes in thi;: procc'ss. It undorgoejs no 
change, ind has .v*ly flu* function of absorbing 
the water which is produced by the decomposi- 
tion. The readc‘i should write out for himself the 
equation repivseiiting the change. He will find 

327 ^ 


that three molecules of nitric acid and one of 
glycerine wall yield a molecule of the nitrate and 
three molecules of water. 

Properties of Nitro-glycerine. Various 
jairifying processes have to be employed in order 
to free the nit ro-glyeerinc; from any acids. The 
substance so obtained is a heavy, oily liquid, the 
freezing point of which is 8” U. When pure, it 
is quit4i eolourl(‘Ss. It readily dissolves in ether, 
but scarcely at all in water. It has a rather 
pl(‘asant and very mai ked taste. If a light bo 
j)ut to it it burns (piietly, but if its temperature 
b(‘ raised to lus much as 2I(U U., or if it bo 
struck, or if even a litth; (uirt ridge be exploded 
in ci»ntaet w ith it. it explodes. Our study of 
gunpowder in a previous section has familiarised 
the reader with the meaning of any explosion, 
which is iioiu* other than a chemical decomposi- 
tion involving the rapid production of a largo 
(juantity of hot gas. In order to soe what the 
jirodncts of dccorruiosition aie in this case, we 
may write an (upiation. For this purpose it 
would sullice to take two molecules of nitro- 
glyc(Tine. but we should find that lliis would 
us with an odd atom of oxygen on tln^ 
ether side of the crpiation. Now, we ](‘arnt long 
ago that U is mer(‘ly a symbol for oxyg(‘n, and 
is not a proper cx])reshiori for oxygen gas. the 
molecules of which consist of pairs of atoms. 
\Vc must th(*n*foro employ four molecules of 
nitni-glycerine in order to write our (*quation, 
which will then rim as follows ; 

4U..II,(N0.5);5 12(4). } IDH.O -f ()N.^ 1 O. 

Thus the consequem e of the decomposition is 
the instantaneous ])roduction of four gaseous 
bodies, the tcinjxTatun* of w hich is that caused 
by the explosion. It is calculated that one litre 
of nitro-glyeerine exploded will yield more than 
Id.dOt) litr(‘s consisting of a mixture of those 
gases. Jfenct; the tremendous explosive force 
of this compound, which is nine or ten times as 
powerful as old-fasliioncd gunpowdi*!*. 

Dynamite. Various diwices Jiavc been 
adopted in order to reduce the grave danger 
which attends the manipulation of nitro- 
glycerine. M7ic most familiar- of these is the use 
of a substance called kieselguhr. This consists of 
the shells of minute animal organisms long dead, 
'riiey are known as diatoms, and their remains 
consist mainly of silica. 

Twenty-five ]M*r cent, of kieselguhr and 75 
])«'!’ cent, of nitro-glycerine forms kieselguhr 
<1ijnamiii\ which, though by no means free from 
danger, gives rist* to fewHU* accidents than nitro- 
glycerine itself. This is not the place in which to 
di.scuss the many other moditicatious of this 
principle — that of absorbing the nitro-glycerine 
in some non -explosive body. On the other hand, 
for soiiw* purposes the nitro-glycerine may be 
absorbed by substances which are themselves 
explosive. 

Nitro-glycerine and Physiology. Nitro- 
glycerine is perhaps the last substance in 
the world which one would think of swallow- 
ing. but the preceding paragraphs will have 
made it })lain to the reader that it explodes 
only under certain conditions, and that these 



are incapable of realisation within the human 
body. As a matter of fact, nitro glycerine luis 
a very useful employment in medicine, in which 
it is employed in doses of about one-liundn'dth of 
a grain. This quantity is often made up in a tablet 
(►f chocolate, with which the risk of explosion 
is reduced to a minimum. There is no risk, 
of course, after the talrlet has been .swallowed, 
but only before. The ac^tions of nitro-glycerine 
upon the body are those typical of a nitrite, 
the. most mark(‘d consequences of its adminis- 
tiation lM‘ing a dilatation of the blood-vessels 
and a relaxation of spasm in any muscular tissue. 
It is a noteworthy fact that all nitrites have 
til is propert y in varying degree ; .some day it 
will doubtless be capable of a simple chtunical 
explanation in terms of the chemistry of 
iniLscular contraction, of which we know .some- 
thing already. Nitro-glycerine, however, is 
not a nitrite but a nitrate, and the qxiestion has 
to be asked why it should act as if it, were a nitriU?. 
Now, we iind that if nitro glycerine he subjci-.ted 
to the action of a mild alkali at the temperature 
of the body, about two-thirds of it is (ujuveried 
into a nitriti^. That is what happens in the blood 
by a gradual process of reduction, lusicc the 
“ nitrite action ” of t,his sub.staiicc and bcnijc 
also th<^ gradual onset of its action and llie 
considerable period dur which the action of 
a single dose persists. When nilro-glyccrino 
is administered, one is r(*ally giving a substance 
which causes the gradual and continuous produc- 
tion of a nitrite in the blood. 

We shall say no more about gly<*erine or 
its products at pres(*nt, hut merely ask the 
reader to recall our statement as to th<^ 
maniKT in whicdi it is usually manufaetured, 
and to keep it in mind until we come to 
discuss the fats. 

The Trihydric Alcohols, One other 
statement needs to be rnadc^ about the trihydrii! 
alcohols, or, rather, about that group of 
trihydri(^ alcohols in which all three tiydroxyl 
groups are attached to the same carbon at,om. 
It is that, rather paradoxically, the anliydridcs 
of these alcoliols are acids. If, for instance, 
we take the (imaginary) trihydric alcohol derived 
from mi^thanc, we sliall hav(5 a body consisting 
of a central carbon atom, one hand of which i.s 
still occupied with a hydrogen ati)m, while the 
other three arc attached res])(‘ctively to the 
three oxygen atoms of three hydroxyl group.s. 
The reader should write for liinisclf this obvious 
graphie formula, ff, then, he cuts out from it 
two atoms of hydrogen and one of oxygen so 
as to form the anhydride, he will Iind left a body 
M'hich may be represcaited thus : 
and is noneother than formic acid. 

Carboxyl. The group which 
constitutes the greater part of the 
above formula ha.s already b('cn 
refcrj’ed to under the name of carboxyl. It 
is characteristic of all the acids of carbon. If, 
for instance, we write the formula of aeetic 
acid, which follows upon formic acid in the series 
we have already studied, we shall find it neecs.sary 
mc^rely to iidd CH.^ — which is the difference 
betw(*en successive paraffins — to the above 
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graphic formula of formic acid, which would 
then have this appearance : 

The reader should make a \ 
pointof memorising the appear- 
aiice of the carboxyl group in // 0^ 

the above graphie foiiniilic. H<' ^ 

will .see tluvt the earbon of it has three of its 
four hands oecupied with oxygen, two com 
pletely saturating the valency of one oxygt'ii 
atom, while the third saturates the hiilf-satii rated 
oxygen atom of the hydroxyl group. Thi'. carbon 
atom then lias a fourth hand left, which may 
give ris(* to almost endless complexities. But 
wherever wc* lirul an organic acid, or, rather, an 
acid of earbon, we shall find the ('arboxyl group. 

'Pho most instriKitivc of th(\se acids luiv(‘ 
already been studied- -forinie acid and acetic 
acid. Tin* next on the list must ncci'ssarily 
have the formula (V^Hr,(T)OH ; it is known 
as propionir, acid and is very similar to acetic* 
acid. l.,atcr w(* must discuss an important 
d(‘rivative of it. But the next is worthy of 
.separate* mention. 

Butyl ic Acid. Continuing to write the 
formulae on the same plan, wo must call that of 
hutyrie acid C.jH -( 'OOK. This may be obtain('.d 
from butyl aleoliol, but it is most commonly 
known a.s a characteristic }>roduct of the fermen- 
tation of sugar under certain conditions. Thi? 
{(‘rment again a living body, and it occurs 
almost evi“iywh(‘re. The* subject is onc^ of somo 
importaiiee, practically, and wc* B})all quote* the 
chief fa(‘ts from the l)(*ststatenU‘ntof them, which 
is to he found in the ** Ikw^teriology of Milk,” 
Swithinbarik and Ni^wman (John Murray, IffO.'l). 
\s long ago as 1810 it was discovered that, 
hutyrie aeid can be produced by f<‘rm(‘ntation. 
In istiO, the immortal Pasteur turned his atten- 
tion to lh(* subj(‘et, ami, as in the ease of every 
subject to which he devoted himself, transformed 
it by his genius. '^PIk*. piiy./.Ie was that sometimtrs, 
when sugar is being converted into lactii; acid 
by means of lactic fermentation- to be studii^d 
later — the usual result is not. produced, but 
iiistt*ad the ])r()(lucts ar(^ hut^tfrir arid and hf/dwgrti. 
Basteur showed that ” tw’o su(*('e.ssiv(* proe(‘sses 
are here iiivolv<*il — tirst, tlu^ eonvi'jsion of sugar 
into lactic acid as (alciuin lactate, and after- 
wards the, transformation of tlu* lactab* into 
butyrate. Ht*. demonstrated that t*.ach of these 
changes is due to a special ferment— in the. 
tirst place the lactic ferm(*nt, in tlu* s(*cond place 
the hutyrie fernu‘nt.” 

Microbes Killed by Air. Pasteur found 
that whenever his lactic fermentations proc(*(‘d<*(l 
init)ro}K*rly, butyric acid and hydrogen being 
produced,' th(‘re was a si^parate kind of microlx^ 
present. He; subsequently di.scovt*red that if 
he examined under the microscope a drop of 
butyric fermenting tluid, “ the organisms at tin* 
edge of the drop were motionle.ss and apparently 
dead, while in the central portion of the drop 
the bacilli were exeiaitiiig those active movements 
which arc cbaracteristic of tlieir vitality. To 
Pasteur’s mind this at once suggested what h<; 
was able later to demonstrate — namely, that 
lhe.se org.inisms at the periphery were paralysed 
by contact with the oxygen of the air. When 
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he passed a stream of air through a flask con- 
taining a liquid in butyric fermentation, he ob- 
served that the process slackened and eventually 
ceased. “ Those infasory animalculao,’* he wrote, 
“live and multiply indefinitely, without requir- 
ing the least quantity of air. And not only do 
they live without air, but air actually kills them. 
It was sufficient to send a current of atmosjAieric 
air during an hour or two through the liquor 
where these vibriones were multiplying to cause 
them all to perish, and thus arrest the butyric 
fermentation, while a curremt of pure carbonic 
acid gas passing through the same liquor hin- 
dered them in no way. Thence this double 
proposition — the l)utyric ferment is an infusory ; 
that an infusory lives without fri^o oxygen.” 

Here, briefly stated, is the historic discovery 
of the anccrohic microb(‘s — those which cannot 
grow in the presence of free oxygen. 

The following are the chemical formuke of the 
hutyi'ic reaction from the first : 

(\. H,., O,. - 2C,. n,. O, 

Ohicose La(‘tic acid 

and also 

C, H,., 0, , + H.O - 4 C,.. IT, O,, 
Lactose Lactic; acid 

tliercaftcr 

~C,.H,C00fI + 2L0. I 2IL 
Lactic Jlutyric (^vrhonic Free 

acid. acid. acid, liydrogcui. 

Occasionally, butyric fermentation occurs in 
the stomach, ii-nd tlie hydrogen can be lit on 
emerging from the mouth. 

An Immortal Frenchman. We may 
here interrupt ourselves in order to pay homage 
to one of the most illustrious names in tlu* 
whole history of seienc;e. 'rhough we think 
of Pasteur as a bacteriologist, he neverthe- 
l«;ss was rc.*ally a chemist. It was his grc‘at 
predecessor, Dumas, who led him to original 
research in chemistry, and the first piei^e of 
work which he aeeoinplishc'd made an e])oeh. 
He .sef himself to study the known fact of the 
existence of two tartaric* acids, identical in 
every way except that one had no action on 
a ray of polansc*d light [sc;e }*nysic;s], while 
the other turned the piano of such light to 
the right, or, as wc say, was dextro-rotatory. 
Having set himself to this, Pasteur disc;overed 
that the acid whieli has no action upon polarised 
light is really eomj)osed of two isomers — one*, 
the dextro-rotatory acid, already knovm, and 
the other a now ac*id, similar in every respect save 
that it rotatcMl the ray to the left or was la-vo- 
rotatory^ thus neutralising the action of its 
partner. 

Pasteur and Lrister. Pasteur’s next groat, 
discovery was to show that a particular form of 
fung\is, now famous, has a seh*ctive action upon 
the mixture of the two kinds of tartaric acid, 
destroying the right-handed acid alone, and so 
enabling him to obtain the left-handed one by 
itself. I le then turned to the disorders of beer 
and wine, and founded the modem science of 
brewing — ^which de)wads, of course, upon a union 
of cheu* ical and I'Oianical knowledge. He showed, 
also, that all fevieentation ceased — such as vinous 


or alcoholic, acetous, lactic, butyric fermenta- 
tions— when precautions were taken to exclude 
all living things. This discovery led to the work 
of our own Lord Lister, and to the establish- 
ment of modern surgery. At this point, eis wo 
see, Pasteur was beginning to leave chemistry — 
as the boundaries of that science w^ero conceived 
in his time and by the great majority to-day — 
and was turning to the now science which all 
subsequent historians will date from him. His 
chemical friends and seniors advised him to stick 
to chtunistry. He was wasting his time, they 
said, by studying these tiny microbes which one 
eould scarcely sec and which could never con- 
ceivably be of the smalU;st importance. Pasteur 
knew better, however, and he went steadily on. 

The Cash Value of a Scientist. Thu 
silkworras in the South of Franco were dying of 
a strange epidemic disease, which had thus 
ruined the silk industry. Pasteur’s advice was 
asked, and in three months he solved the 
problem. By a st'ries of magnificently con- 
ceived researches In; had found tlie cause 
of the dLsease and prevented its reourrenc(;. 
This research aloni; woukl have been quite 
suflicierU to give him a permanent place in tin; 
history of science, but it is a dmp in the ocean of 
his achi<‘vements. Working on tlie principle of 
vaccination, the great French chemist set himself 
to produce complex chemical bodies of a specific 
(character for (‘ach of the various diseases by 
utilising the microbes which caused these 
diseases. From the silkworm he turned to the 
fowl, and reduced to one-tenth of it.s former 
extent the death-rate from fowl cholera which 
at that time was destroying one in ten of all 
French fowls ; Ik* then lurned to the terrible 
disease mdhrax. and similarly reduced from 
ten to less than one per cent, the mortality of 
sheep :uul oxen from this disease. Huxley 
<*stimated that the monetary value of Pasteur’s 
discoveries to France was suffioiiMit to cover the 
whole cost of the war indemnity paid by France 
to (Germany in 1870. Pasteur then turned to the 
diseases of man, and discovered means by which 
he was able to control rabies, or hydrophobia, 
first of all in the dog, and then in man himself. 
This treatment was begun in ISH.'S. Sinee that 
date* the percentage of successes has steadily 
increavsed, until now it can be positively said 
that, given fair conditions, Pasteur’s treatment 
will invariably conquer hydrophobia — except, as 
Prof. Metehnikoff has found, in alcohol io patients. 

“ Everything is a Miracle.** Since then, 
the work begun by Pasteur has been followed up 
by a host of observers, who have carried his 
method of treating and curing disease to a 
distance which even he could scarcely have 
foreseen. He died in 1895. Pasteur was a 
devouk Roman Catholic. In this respect lie 
is uniq\ie amongst men of science of tno first 
order for many centuries past. Among his 
noteworthy sayings we may quote the fine 
pronouncement of this consummato student 
of Nature upon the question of miraculous 
happenings. He said: “Tout est miracle” 
(Everything is a miracle). 

CoiUinued 
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By Dr. A. J. HERBERTSON, M.A., and F. D. HERBERTSON, B.A. 


A FRIG A (11,500,000 s(i. miles) is a peninsula, 
almost separated from the rest of the 
Old World, to whieh it is united only by the 
narrow Isthmus of Suez. At. two }3oiuts, however, 
its shores almost toueh the other Old World 
eontinents — in the north-west, at the Strait of 
Gibraltar between Moroceo and Spain, and in 
the north-east, at the Strait of Rab-el-Mandeb 
between Eritrea and Arabia. Evidently, there- 
fore, mueh of northern Africa must closely re- 
semble regions already described. 

Position, Shape, and Coastline. 
Africa lies between lat. 37 N. and lat. 
34 S., so that it is roughly bisected by the 
equator. 0\snng to the shape of the continent, 
more land lies in the Northern than in the 
Southern IRunisphere. The northern shores are 
washerl by the Mediterranean, the west (‘i n by 
the Atlantic, and the eastern by the Indian 
Ocean. Its southern apex is at the juncti(.m of 
these two oceans. The continent has none of 
the peninsulas and gulfs wliich cut up the sister 
eontinimts. Consequently, in spite of its vastly 
gr(‘ator area, its coastline is less than that of 
Europe. 

Islands. There are few islands in African 
waters. In the Atlantic are Madeira, the Canary 
and (yape Verdi* Islands, at no great distance 
from the north-west coast, with Asceiisicm and 
St. Helena in the South Atlantic at a mueh 
greater distance. In the Indian Ocean an^ 
Sladagascar, with Mauritius and Reunion to 
the east, and Zanzibar, Socotra, the Seychelles 
and other smaller islands to the north. 

Highlands and Lowlands. A n^lief 
map of Africa at once shows hoAv few and small 
are the lowlands. They are confined to the 
coast, the river valleys, and isolated parts of 
the desert of North Afrii^a. The coastal low- 
lands are narrows e.vccpt along tlu^ M(‘dit/erran(\*in 
and in Sonegambia, the extreme western part of 
the continent . The rest of Africa is over titK) ft. 
above the sea, forming a great plateau, or series 
of plateaux, rising in the Abyssinian jilateau 
to 15,000 ft. in the north-east, in Ruwenzori in 
the east to 18,000 ft., and in the .southern 
plateau to 1 1,000 ft. Mountain ranges like those 
of Europe or Asia are eontinod to the Atlas of 
North Africa (14,000 ft.), w4uch is separated hy 
depressions to tlu; south and east from the other 
highlands of Africa, and is really continuous with 
the Sierra Nevada of Soutbi'rn Spain and the 
Apennines of Sicily and Southern Italy. 

The Rift Valleys of Africa. The 
highest parts of the plateau are isolated peaks 
in the east, where the old volcam^es Kenia and 
Kilimanjaro rise to 17,000 ft. or 10,000 ft., round 
two great rifts in the earth’s crust, running north 
and south. These rifts are partly filled by a chain 


of long, narrow lakes. Tlu^ Avest(‘rn rift contains 
Lakes Albert Nyanza and Albert Edward Nyanza 
in the Nile basin, Tanganyika in tlic Gongo basin, 
and Nyasa in th(3 Zambesi basin, with some 
smaller ones. Above this w (astern rift, south of 
AllwTt Edward Nyanza, rises a gi’oup of active; 
and (‘xtiiict volcanoes about half as big as Mont 
Blanc. Of the lak(‘s in the (‘astein rift tin; larg(‘st 
is l.(ake Rudolf. This interi'sting region is often 
called the Plateau of the (heat Lakes. In the 
east it is continuous with the soutln‘rn plateau, 
the south-eastern margin of wliich forms the 
Drakenberg Mountains (11,000 ft.). 

The Rivers of Africa. From tin; 
Plateau of th(3 Gr(;at Lakes flow three great 
rivers: (1) the Nile, fornnxl by tin; union of a 
tributary draining Lak(‘S Albert Eduard Nyanza 
and Albert Nyanza. and the main stream from 
Lake Victoria Nyanza, which tills a hollow' as 
Iarg(‘ as Scotlanil in the eastern ))lat(*au, and 
receiving on its way to tin* Mcditcrruin'an im- 
portant tributari(‘S from tin; Abyssinian high- 
lands ; (2) the Gongo, w'hich carries the waters 
of 4’anganyika and smallei’ lakes west to tin; 
Ailantie, r(;eeiving on the right bank tributaries 
from the lake plateau whi(;h have* ris(*n (‘lose 
to the Nile, and on the left bank tributaries from 
ih(' iu>rth(*rn margin of the southern plat(‘au ; 
(3) the Loangwa tributary of the Zaml)(*si, whi(‘h 
rises quite n(;ar the ('ongo, though tin* main 
stream of the Zambesi ris(;.s in the soulln^rn 
])lal(?au, near tin; l(‘ft bank tributaries of the 
Gongo. Very short canals would, if yiracticahle, 
unite by water tin; mouths of the Omgo and 
Zambesi with each other, and both Avith tin; 
IMeditcrranean. 

'Phe iTst of the southern pljit(‘au is drained 
by (he lainpopo, (lowing cast to the Indian Ocean, 
and the Orange, (hawing west to tlw* .Atlantic, as 
well as by otlnT rivers which lo.se tln*m.selves 
in the d(;s(‘rt portion of the plat(‘au. 

The north-western half of tin* continent is 
markedly low(*r, and little of t he land between tin; 
Atlas and tin; northern margin of the soutlnTfi 
yilateau is over 3,000 ft. high. Tin; only great 
river is the Nig(‘r, which carries the heavy lains 
of North E(|uatorial Africa to tin* (hilf of (hiin(*a. 
It rises in the Futa Jallon highlands south of 
Seiicgambia, in;ar the Senegal, which (lows west 
to tin; Atlantic. A gr(‘at pai(. of north-west 
Africa forms a basin of inland drainage. 

Climate. As Africa is l)is(‘etcd hy the 
equator the climaO; of tin; two halves, allowing 
for dilferoncos of txuifigu ration, w41l bo gcniwally 
similar. We must not forget, however, that the 
seasons of tho north and south are reversed. It 
is summer in North Africa in June when it is 
midwinter in South Africa, and midsummer in 
the latter in December 
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The tropic of Cancer crosses North Africa, and 
the tropic of Capricorn crosses South Africa. 
Tile whole continent, therefore, is in the warm 
belt, and most of it is intertropical. Except in 
the extreme north and south, the winter tem- 
perature is never below 00°, except at a con- 
siderable elevation. That is, the winters of most 
of Africa are as hot, or hottc^r, than our summers. 
In July the highest temperature occurs in the 
centre of North Africa, where the sun is nearly 
vertical at noon. This region is a desert, and 
as there is no screen of cloud to intercept tlie 
sun's rays, and no screen of vegetation to prevent 
a great heating of the earth’s surface, very high 
temperatures recorded. Th(‘ same region has 
a great range of tem[)crature, for, owing to the 
same causes, heat is rapidly lost by radiation 
when the sun moves 
south. In Soutli 
Africa the hottest 
region in January 
is in the interior, 
a little north of the 
tropic of Capricorn. 

Rainfall of 
Africa. Wo know 
enough now of llu* 
distribution of 
rainfall to forecast, 
the conditions in 
Africa. Round the 
equator there is a 
veiy rainy region, 
with rain at all sea- 
sons, but especially 
in spring and au- 
tumn, w'hcn the sun 
crosses the equat or. 

As, however, we 
recede from this 
region the dry and 
wot seasons become 
more marked, rain 
falling only in sum- 
mer. Still further 
wo gradually pass 
into the trade-wind 
area, the summer 
rains steadily di- 
minish, and the 
climate becomes 
drier and drier, 
till over largo areas it is entirely rainless. 
Still receding, we find the extreme north and 
south within the area of winter rains, the charac- 
teristic of the IMediterranean climate. These 
general features arc found on both sides of the 
equator, in the centre and along the west coast, 
with some modifications, which need hardly be 
considered here, caused by the different atmo- 
spheric conditions due to the preponderance of 
land in North Africa, and of sea south of the 
equator. In the south-east, liowever, where 
the south-east trade wind is forced upwards by 
the rising land, rai^i falls in latitudes which are 
desert in the west. In the north-cast there is 
practically conriuuity of land and of desert 
conditions. 
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Zones of Vegetation. We also know 
which of the characteristic zones of vegetation to 
expect. Neither tundra nor cool temperate forest 
will be found, and the steppe only in a very 
limited form. Wliat we shall expect to find well 
developed is the desert in the rainless areas, and 
the characteristic savanas and forests of the 
tropical and equatorial regions. 

Owing to the much greater extension of land 
in North Africa, the Sahara, the northern desert, 
is far greater in extent and more arid in character 
than the Kalahari desert of South Africa. The 
savanas, or graas lands, with open woods, are 
better seen in Africa than in any other continent, 
not excepting South America, where they are 
also well developed. The equatorial forests of the 
Congo are inferior only to those of South America, 
where the equator 
crosses the con- 
tinent at its 
broadest. 

Plants. In 
Mediterranean 
North Africa we 
find, among plants 
[125J, the evergreen 
oak, t he date 
palm, the. olive, 
the vine and fig, 
the maize, millet 
and rice, of other 
Mediterranean 
lands. This vege- 
tation enriches 
the oases, of which 
Egypt is the 
largest. In the 
steppe regions of 
North Africa larg(? 
tracts in Algeria 
and Tunis are 
covered with halfa 
grass. Except on 
the margin and 
in the oases the 
desert has little 
vegetation, and 
that of a thorny 
lypc, gum acacias 
predominating. 
New palms appear 
in the savauas, 
and the banana becomes an important food tree. 
The massive baobab gives a new aspect to the 
landscape. In the forests of West Africa the oil 
and wine palm are both valuable trees. Tho 
equatorial forests have a flora too varied for 
description. About the deltas of tropical 
African rivers are mangrove swamps, round 
whose contorted, stilt -like roots, the new land 
steadily grows. 

The cereals are wheat in tho Mediterranean 
region, with rice and maize in the swampier and 
hotter parts respectively. Maize and wheat 
are also the cereals of South Africa. In the 
savanas millet, dliurra, and other grains aro 
grown, as well as maize. Cotton, sugar, and 
indigo are cultivated in the Nile basin. Cotton 



is an important crop in tlu^ Niger basin. Coffee 
is increasingly grown on tlie highlands of the 
Havana region, and tea in parts of south-east 
Africa ; and in the south all Mediterranean 
})roduet3 can he raised. The e.haract eristic 
vegetation of South West Africa consi.sts of 
lioaths and other beautiful flowering plants. 
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for size and beauty. Of the beasts of prc}?, 
the largest are tlie lion, panther, leo])ard, 
and hyena. Of animals not carnivorous, there 
are the elephant, the hi})popotamu.s, which 
makes its liome in tlie rec'dy river banks, the 
tall giraffe, the rhinoceros, the z(‘bra, the gnu, 
and innumerable anttdopi's, luitfaloes, apes — 
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Animals. In the JVIedittTranean region 
the usual Meditc*rranean animals arc found. 
The eamel is indispensable in the desert. 
In South Africa the domesticated animals 
are those of Europe, oxen and mules being 
used for draught. In the savanas are found 
innumerable wild animals equally remarkable 


lu,rge and .small — bc'-.sides others too numerous to 
mention. Of birds there is the great ostrich, 
bred for its feathers, and also wild. Keptilcs 
and insects are nunuu'ous and formidable. 
The tsc-tso fly bites cattle and horses, and thus 
interferes with free settlement. I^ocusts do 
continual damage in many jiarts of the country. 
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Political Condition. Until a generation 
ago Africa was mainly a black man's country, 
but though the population is still overwhelmingly 
non-European, European interests now pre- 
dominate everywhere. Africa differ.s from 
Kuropo and Asia in having developed few 
strong native powers. For this the character of 
the country is no doubt partly rcsx>on8ible. 
In the d<?sert, for example, conibination, except 
on a small scale, is almost impossil)le; the same 
is true of the forest area. Elsewhere in the rich 


owners arc a nomadic race, who strike their tents 
and move to now pastures as occasion requires. 
Thanks to the camel, communication is possible 
across the desert, and well-defined routes go 
from oasis to oasis. 

The Sudan, or the Country of the Blacks, the 
land between the forest zone and the Sahara, in- 
cluding mueli of the Nile and Niger basins, 
lias agriculture, settled cities, some political 
cohesion under petty rulers, and important 
commercial relations. 
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savana regions the very fertility of the country 
has been against organisation, by making life 
fairly easy for individuals. Outside the Medi- 
terraiK'an, the Nile basin, and the Sudan, the 
eountry was and is ruled by petty ehiefs of only 
local importance. 

This has made it / f •*’ \) 

easy for Europeans ^ 

to obtain control 
of the country 

... fDAT£5> auMONOB 

outside the areas oum 

with some delinite 
political organisa- 
tion. S 

Britain admin- j 

isters Egypt (nomi- imX. \ 

nallyTuddsh)and 

the Nile Sudan, IL 

Nigeria and other a > 

parts of the Ouinca 

(.’oast, British East oi 

Africai on the 

platf^au of the VoBAci 

Oreat Lakes, and 

a vast South 

African territory 

stretching from 

Lake Tanganyika 

to the Cajie. A \ cop 

compact French S 

territory includes \ 

Algeria, iiiueli of W 

the Sahara, the \ 

Eastern Nigerian V 

and Central Sudan, ^ 
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as the north bank 

of the Congo. ^Madagascar is also French, 
Germany has secured parts of the west coast, 
Soulh-w'cst Africa, and the country between 

I^akes Tanganyika and Victoria Nyanza on the 
Red Sea coast. Portugal has territories botli on 
the west and east coasts of South Africa. Italy 
has planted colonies on the east coast and also 
soutli of Somaliland, the eastern horn of Africa. 
Spain has a small territory on the north-west 
coast in the Gulf of (biinea. The Congo 
independent state, commonly known as the 
Congo Free State, is oontrolleil by Belgium. 

Occupations. In the Mediterranean 
region agriculture is possible. Here we find 
organised states, settled cities, and various in- 
dustries and handicrafts. The same is broadly 
true of the desert oases. In the desert proper 
agricult I • re is impossible. The inhabitants depend 
on their camels .and otV -^sr animals, which pick 
up a living on the scanty vegetation. Their 
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Central Africa and the Forest 
Region. In the savanas both agriculture and 
cattle-keeping are possible, and one or other pre- 
dominates according to locality. Many tribes 
have useful arts and handicrafts, but they live 
in a state of con- 

U. \ V stant war, which 

^ X prevents progress 

^ in the arts of peace. 

I Over most of 
i PATtVX^X ' Central Africa the 

villages are sur- 
” ) vS HOBBBaU - rounded by defen- 

uATtu / nuX'is ! f^i VC stockades and 

i trenches, and are 

‘ ouAA built of perishable 

.^-1 materials, so that 

'■» they can easily be 

\ ‘'‘’'"’il .voct / reconstruct ed. 

^be forest we 
i bnd tribes at a 
• vonv \ ^ Q»*nan-^5i/ very low level, 

V A coffm/ I ignorant of agri- 

JcLove. I eulturc, tho keep- 

.voi.yCAT,,^ ^ • big of animals, 

/ jl the arts. They 

\ \ YO"’’>y' Y/ hunting 

(tATTy and barter. Many 

rCt. «o‘t> \ // divarfish 

r°Y stature, and arc 

’cATTic®‘:5ooy^ called 1 y^gmies. 

Little liigiier in 
^bo scale are the 
Bushmen of South 
Africa, now rapidly 
CTs OP AFKK'.\ disappearing, who 

live by hunting 
and gathering wild products. Wherever Euro- 
peans come they introduce peace at the 
.sword’s point, build cities, develop the existing 
resources of the country, and add to them 
by introducing new plants, animals, methods 
of cultivation and industries. Great hard- 
ships are often inflicted on tho inhabitants 
during the period of transition. Tho substitu- 
tion of mining for pastoral interests in tho 
Transvaal was not accomplished without a w^ar, 
in which the clash of economic interests was 
as evident, as the race antagonism. 

The Slave Trade. For many centuries 
tho slave trade has been the curse of Africa. 
The progress of civilisation is bound up with the 
making of good roads. The natural conchtions 
of Africa are so unsuited for easy movement 
that without a strong government, ejffective 
over wide areas, roads could neither be made 
nor maintained. Where each tribe is the enemy 
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of its neighbour it is obviously bad policy to 
make roads which render attack easy. This 
absence of roads is largely responsible for the 
slave trade. Human carriers were the only 
possible moans of transporting merchandise, 
and this expensive method could only pay if 
carrier as well as merchandise were sold at the 
journey’s end. The feuds of tribe and tribe 
made it easy for traders to arrange for slave raids, 
by which the required number of sbwes was 
providefl. The Transatlantic slave trade under 
European auspices has been suppressed, but 
as 51 domestic institution slavery is by no means 
stamped out. 

Religions. The religion of a people is an 
index to its place in the scales of civilisation. 
Only two religions 
are associated with 
the more civilised 
African j)eoples — 

Christianity and 
\foha.mmedanism 
The former is the 
religion of tlu^ 

European. A de- 
based form is ])ro- 
fessed in Al»ys- 
sinia. Mohamme- 
danism is the ere(‘d 
of the M<‘diter- 
ranean rc'gion, (he 
desert, and the 
S u dan. 'P h e 
Havana and forest, 
p o p 1 e s h a v o 
various * pagan 
cults, often asso- 
ciated with hnman 
sacrifices and other 
revolting praot ices. 

The lowest Irilx's 
are sometimes said 
to be without re- 
ligious ideas of 
any kind. 

Races. The 
problems (concern- 
ing African i’ae(\s 
are unsettled. 

Broadly speaking, 
the white race does 
not extend .south of the desert, and ^within 
this area has a considerable admixture of 
other blood. The peoples of the savanas 
and tropi(Nil forests are mainly of negro 
origh., with a strain of white blood in tlie 
north-east. The Kansas and Kulas of W<>st 
Africa are the mo.st civilised of the Sudan peoples. 
The dwarf Pygmies of tlu^ equatoj ial forest are 
probably a primitive people, pcuhaps related 
to t he Bushmt'n of South Africa. In 1 lie ext reme 
south are bumd Bushmen and Hottcmtols, 
who are neither wliit(‘S nor m'groos. 'Phere, is 
a sprinkling of European settlers, chieHy in the 
extreme north and south. Malay. Indian, and 
Chinese labourers have been introduced. 

Morocco. Morocco (170,000 sq. miles 
without desert) consists of the well-watered 


fertile north-west, the Atlas region, and the 
desert beyond, with its oase.s. The population 
of Morocco is nomadic or settled according to 
the pastoral or agricultural character of tlie 
country. The inhabitants of the lower plains 
arc chiefly Arabs. The Berbers are a hill people, 
(uigaged in agriculture, and building fortilied 
villages on the heights. The country ])rodne.c8 
all Mediterranean t)roducts, but is backward in 
developing ibs resources. 

Scenery in Morocco. Travellers in 
Morocco \isiially make for one of the three 
capitals, Mequinez and F(‘Z in the basin of the 
Scbii, the largest river, and Morocco, in the 
Tensift basin. A traveller’s description brings 
Northern JMoroceo clearly before us. “ The 
entire day was 
spent in marching 
through one plain 
and over a range 
of round, smooth 
hills, into anoth(?r. 
Those plains 
showed extremely 
fertile land for 
grain and rich 
meadows for 
cattle. Occasion' 
ally wo would 
cross a green 
valley with a 
small stream flow- 
ing through it. 
The* confnist be- 
tween its rich 
gre(‘n — often it 
c a m c from a 
grove of orangi^ 
tr(*es — and the 
sun oiinding brown 
aridnesH was very 
striking. The pro- 
minent feature of 
the country was 
ils fre(‘lessness. 
H(‘re and there, 
hut at long dis- 
tances, oiK^ saw 
small groups of 
olive, or cork trec^s, 
or possibly an or- 
chard. 'Phe f(^w villages w(^ encoimten^d were 
surrounded by enoi nious huices of prickly pear 
cactus, an impeuetrahhi mass ‘JO ft. in lu'ight, 
ami a.s much in l>T«'adth.” 'Plu' towns are 
walk'd, the house's white for coolness, and the 
striMits narrow. The distant vioAV of the city 
is beaut ilied by slender pa bus and minarets 
rising against the eloud)('ss l)lu<^ sky. 

TIk^ ports an? 'Pangirr on tin? Strait of 
(hbraltar, and Mogador on IIk? Atlantic, the 
port for Morocco city. 

Algeria. Algeria sq. miles without 

desert) consists of the hilly fertile Tell valley, 
parallel to the coast, above which rises the T(dl 
Atlas, sinking in the south to a less fertile 
platoiiu, with shotis or salt lakes, bordered on 
the south by the Saharan Atlas. The population 
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consists of Arabs and Berbers, with an admixture 
of French and other Southern Europeans. The 
country is developing rapidly under French rule, 
and much attention is paid to the vine by 
Europeans, while the natives raise cereals and 
animals. The absence of large rivers and the 
s(uinty rainfall in summer makes irrigation 
neci^ssary. 

Tlio coast towns of Algeria are Oran, Algiers, 
Bougie, Philippe vi lie and Bona. The chief inland 
centre is Constantine, on a commanding height, 
surrounded by a profound ravine. Tt is con- 
nected by rail with Biskra on the southern slope 
of the mountains, facing the Sahara, an oasis 
densely planted with date j)alms. 

Algerian Scenery. A traveller from 
.Algiers to Bougie writes : “ We travelled 

through a hilly region. Tlr* soil .setuned very 
fertiU*, and fig and olive trees and vineyards 
disputed the surface betwi‘en them. Every- 
whcj*e the Australian eucalyptus has boon intro- 
du<!od on a large scale. We followed tho course 
of a small river, shallow now, but its great ban^ 
rocky bod showed what it was in times of heavy 
rain. The cliffs of its gorge were very steep, 
and the railway was out along one side and the* 
highway along the other, 'riie gn‘at grey rocks, 
tho brawling stream, little Kabyle villages of 
stone huts with gras.s roofs, perebed aloft in tho 
shallow valleys, the occasional luxuriant v(‘geta- 
tion, and the windings of the line gave this 
section of the railway very gn^at int(*rest. From 
now, on to Bougie, we went through a mount ain- 
ous and diversified country very different from 
the plains crossed in corning from Oran to 
Algiers.” 

Tunis. Tunis (1^8,500 sq. miles without 
desert) is a Frencth protectorate, divided into the 
same natui’al zones as Algiers. The (*apital, 
Tunis, is the outlet of tho fertile Majcrda valley 
Bizerta is a French naval station. Sfax is tho 
port of Southern Tunis. 

Tripoli. Tripoli (400,000 sq. miles including 
desert) is fertile round the coast, under irrigation, 
and for a varying distance inland. Beyond this 
it is desert, witli occasional oases. Tho capital 
is Tripoli, the stai’ting point of many caravan 
routes across the desert. Tn the south is the 
large undulating oases of Fezzan, the capital 
of wlvich is Murzuk, on the caravan route to 
the Niger vSudan. 

The Sahara. The Sahara is not a level 
sea of sand, but a plateau of varying elevation, 
and varying aridity. It is divided by higlier 
ground into tho Western Sahara, extending to 
tho Atlantic, Avith Lake Chad towards its 
eastern margin, and f he Eastern Sahara, extend- 
ing to the Red Sea, beyond which lies the 
Arabian Desert. Vast areas of the Sahara are 
covered with fine sand, which is piled up by the 
Aviud into sand dunes, sometimes 600 ft. high, 
compared by many travellers to the waves of 
a sea. »Such is the Libyan desert west of the 
Nile. Hero, veg»»ttttion is almost absent, except 
in the oases, on which the dunes frequently 
encroach, Flsowherc are “ isolated plateaux 
with rock-, trown surtaces, bounded by nearly 
perpendicular cliffs,” and destitute of vegeta- 
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tion. The desert sand is formed of the waste of 
the bare rocks, which are protected by no cover- 
ing of vegetation, and are rapidly disintegrated 
by the action of the weather. Sandstorms of 
blinding fury are one of the dangers of desert 
travel. It is believed that the Sahara was once 
less arid. In many parts dry watercourses are 
numerous, often a.ssociatcd with salt swamps or 
shotts, i)erhaps remnants of lakes to which they 
once drained. 

In some parts of tho vast desert tho conditions 
are less forbidding, and there is some scant 
thorny vegetation, forming pasture of a kind. 
Wherever wells or springs give access to the 
underground water, an oasis is formed. Tho 
desert is dotted by hundreds of those oases, 
great and small, and they are the stepping 
stono.s by w4xich caravans cross the scja of sand. 

Glimpse of an Oasis. Hero and there, 
throughout the oasis of Tafilet, are large open 
spaces, usually for drying dates. The walled 
villages often have a clear space surrounding 
them of tw’enty yards or so, to alloAV a sight of 
the attacking force in tho continual warfare. 
Nothing more la wildering can bo imagined than 
the roads that thread thci oasis. Owing to the 
great value of land, they are as narrow^ as 
possible, and they turn and twist in every 
direction among the gardens. In those are 
grown cabbages, onions, peas, beans, grapes, 
pomegranates, ap})l(‘s, pears, gourds, and melons, 
but only for the rich, turnips being the favourite 
vegetable of the poor. Large ejuantities of 
lucerne an‘ grown in tho shach^ of tho palms, 
and stored for winter fodder for horses and 
cattle. It is seldom in tho oasis that one’s view' 
extends for more than 100 yards or so. This is 
owing to the tliick growth of the date palms, 
Avhich rise on all sides as a forest of straight 
stems. The high walls of the gardens also 
obstruct one's view. ’Pheso are often so high 
that only the tops of the trees appear above 
them. The water from the irrigation canals 
finds entrance by subterranean channels, while 
small bridges cross the roads formed by palm 
trunks covered with sand. The outer portions 
of tho oases are less thickly grown w'ith palms^, 
but the lino between the desert sand and tho 
irrigated soil is clearly defined. One Avalks out 
of a green field of palm trees ankle deep into 
soft yellow' sand. 

Egypt and the Nile. Romance and 
mystc^ry liave over surrounded tho Nib. Beside 
it arose one of the oldest of human civilisations, 
which has left its great pyramids, its baffling 
sphinxes, its magnificent temples, and its strange 
liieroglyjxhs to prick tho curiosity of all who 
see them. This wonderful civilisation in tho 
heart of tho desert depended wholly on the 
seasonal rise of the Nile, which made fertile a 
strip of desert on either side of the river. The 
Nile is the life of Egypt. It is more — is the 
creator of Egypt. Inhabited Egypt is made up 
of layer on layer of Nile mud, brought down 
year after year by the river in flood, and spread 
out over the land ns the waters ebb. Irrigation 
has done the rest. 

Continued 
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’T'HE UFie of broad in one form or another 
is almost universal, and, except in the 
very primary states of society, has always 
been so. "fho first, form of bread was that 
made from bruised graims, mixi^d into a 
thick paste witli water only, then shaped into 
fiat cak(‘s by the hands, and baked on hot 
embers. Bread of this kind is still mad<5 by 
the native tribes in some parts of Mexico and 
South America. The breadmaking industry at 
its inception was nec(‘ssarily an affair of the 
home, attended to by the females; but, in 
comparatively early ages, wt; find breadmaking 
had bcfiome specialised, and was in the care 
of men. There is no record of the time when 
fermented bread was first used, but the dis- 
coveiy of the process may easily have betui 
accidental, since a piece of dough, made from 
Hour and wati^r, if left to itself, especially in 
those tropical ami sub-tropical countries in which 
the earliest (uvilisations nourished, would quickly 
start fermenting, and, if baked, would bcu-ome 
light (T than the bread from dough baked at 
once. In the early Egyptian and Babylonish 
eivilisations the baker was an important 
funetionaiy in the palaces of kings and the 
mansions oi the great, whih; in the later Greek 
and Roman eras, liis eharae.ter and conduct 
were made the special concern of the Stat^. The. 
Romans had a college of bakers, who, wdiile 
recruited from tlu* slave class, were granted 
privileges not allowed to others, and wen^ 
hedged round with special restric-tions ; amongst 
other thing.s, being prevented from assocnating 
with comedians and gladiators, or attx^ndiiig 
gladiatorial sllow^s. 

British Bread Laws. Within the period 
of our own history, although the Legislature 
iias not been quitch so careful about the baker’s 
privileges, it has never fiiiled to ensure that he 
should be honest in his dealings with the public. 
The kinds of materials he should use have been 
definitely enumerated, and both his weights 
and his prices have at one time or another beerv 
regulated by statu toi^ enactment. But the 
Bread Act now in force docs not, as some 
imagine, restrict the baker to selling his loaves 
in 2 lb. and 4 Ib. sizes only ; all that the law 
stipulates is that the baker must sell his bread 
by weight, but leaves lum liberty to make his 
loaves of any weight and size he thinks fit. 

Formerly the Worshipful Company of Bakers, 
which is still a flourishing guild, and has 
its Hall in Harp Lane, London, was entitled, 
along with the Justices of the Peace, to settle 
what should be the weight and price of the 
bakers’ loaves week by week. That was in the 
old Assize days. Now every baker is a law to 
himself as to the price at which he shall sell 


bis bread, the cfi*orts^)f kxsil voluntary as.socia- 
tions to rcgulat(5 prices being only partially 
successful. As competition in the trade is v<My 
keen the public gem'rally gets full valium for its 
money, and bakers as a class do not. beeomn 
wealthy. 

Plain and Old - fashioned Bread. 

To make good l^read nothing is required hut. 
flour, yeast, salt and water. Fn some teases there 
an*, other substance's addt'd, hut what these arc*, 
and their purpose, will be explained later. Some 
peoph? an^ under tlie impression that there; is a 
great ditTerence between h(>mo-mad(*. bread aiul 
that made by the baker, and a great ditTerene<; 
between the bread of, say, forty or fifty years 
ago and that of to-day ; all the virtues being 
generally ascribed to the home-made in the 
one ease, and to the old-fash iont'd in the other. 
Differences do exist, hut it is liardly just to de- 
j)rcciato the bakers’ liroad of to-day.’ In the bread 
of some* forty or fifty years ago there were two 
fai'tors entirely different from an^in tlie bread 
of to-day. Tin; flour was nof (Jhly softer in 
charact(*r, as it contained a larger proportion 
of Englisli wh(;at than our flour, hut it was als(» 
weaker and darker, heeause it was millcfl by stom; 
mills, while ours is made on steel rollers". Tlu* 
great difference b(*twct;n old-fashioni;d and 
modern flour is not due; wholly to the manner in 
wliicii it is milU;d, but more to the manner in 
which the wheat is eleaned and prepared for 
the mill. In the old days the wheat-cleaning 
machines w(*rc either very e.rudo or (*lse non-exis- 
tent, with the result that a good deal of material 
now considered tlirt was mixt'd with the flour, and 
consequently oaten in the bread. There is one 
reason, however, why sic me- mil led flour should 
hav(* a better flavour than that mack* on steel 
rollers, and that is owing to tlu; pres(*nee of 
minute particles of bran and g(*rm, especially 
tlu; latter, which the- stones liavc pulv(;risod so 
fine, that the “ bolting silks,” or fin<; sieves, 
cannot afterwards separate them out from tlu; 
line flour. These particles add to the flavour 
of the flour although they darken its colour, 
and they in part re<luce keeping qualiti(‘S, 
for stone-milled flour becomes much more 
quickly old in taste, or musty, or .sour tlian does 
flour made by modern methods. 

Home-made ” or “ Farmhouse ** 
Bread. Within the Ia.st year or two then* 
has l)cen quite a revival in favour bread made 
from stone-milled flour, and bakers, In'ing 
quite willing to supply whatever the public; 
demands, provide this article under the title 
of “Home-made” or “Farmhouse” bread. It 
is made in some ca.ses wholly, in others partly, 
from the stone-milled flour and that millcti 
from a “grist” containing a good proportion 
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of English wheat. The loaf is therefore small 
and dark as compared with ordinary bread, 
and is usually made either in a flat sliapti or in 
one with the requisite degree of roughness about 
it to make it look very much as if made by 
one unskilled in the baker’s art. 

Making Farmhouse Bread. The 

following method suits this type of bread : 
Materials are taken in the proportions of 28 lb. of 
flour, 4 oz. of pressed y(‘ast, oz. of salt, and 
,‘l oz. of sugar. Dough is made up at orie(^ with 
l.\ gallons of water at- 100' F., the yeast, salt, and 
sugar being previously dissolved th(‘r(‘in before 
the flour is added. 'Pliis dough is then allowed 
to stand, w(‘ll covered u]) in a warm pUua* for 
l.J hours, wIk'ji it is kneade<l together. It 
is then all(>\v(‘d to stand for anotlier hour, 
when it is kneaded again, and at onee weighed 
into ])ie(*es tlie size* d(‘sired — gcuierally 2 lb. 2 oz. 
'Phese are moulded up round, being rolled in flour 
during themoidding ()])eration to give the loaves 
when baked a lloury-white a})pearanee. Tlie 
quantity of water here stipulated may with some 
flours bo bardiy suflieient. to make the dough 
♦juite soft <‘UOugh. as dougli for this sort of bread 
is usually made rcry soft, so that in some <*ases 
half a ]jint more may b(‘ use<l if necessary. To 
make tlie bread eat short and fre(^ from toughness, 
it is advisahh' to add about .‘1 oz. of lard to this 
quantity of flour, rubbing it well into tlu* dry 
flour, and then thoroijghly mixing it. Hr<*ad 
made in this way is not allow(‘d to “ ])rove ” 
or lie any time lH‘tw(‘eii the moulding stege and 
that of “ setting *' it in tlie ova'ii. The resultant 
bread is in eonseipioiKu* rather close in t<‘Xture, 
blit it. is v(*ry sweet, and, especially when new, 
has a pleasant tlavour. 

Points on Flour, Whether flour be 
made on ston(‘s or on rolk'rs its character depi'iids 
more on the natun? of the* wheat from which it 
has been niaile than on the manner of milling. 
'Phere are many varieties of Fnglish wiieat, but 
none of them are suitable for making very 
strong flour. Our millers obtain their supjilies 
of strong wheats iirinei pally from Ru.ssia, the 
Oniteil States, Oaiiada, and the Argentine. 
¥or the other parts of th(^ grist they use wheats 
from all parts of the world ; sonu' to give the 
flour colour, some to modify the excessive 
toughness of the strong wlieats. Hut by careful 
blending it is sati.sfaelory to know that Hritisb 
millers, with Hie world's wheat supplies at 
eomrnand, are now abk* to mak<» better flour 
and of more ngular quality than the millers 
of any other country, even than those of America, 
where supplies of siipi‘rior wheat can always 
be had. (See ^liixiNo, page 3078.) 

In a stone mill tJieiv? is ri'ally only one grade 
of flour mad(' ; this may weigh as much as 70 
])er cent, of the total wheat used to manubw- 
ture it; ; the other 30 |X'r cent, being made into 
what is technically called “ offal,” consisting of 
seconds, poflnrd, bran, etc. Flour of the same 
grade can be nuide in a roller mill if desired, 
and the gradi* 's then ‘ailed “straight” ; but it 
is usual in ^he roller mill process to make two 
or three different grades or qualities of flour from 
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one mixture of wheat. The very finest grade— 
that made from the centre of the wheat berry — is 
called “ patent.” Of this quality not more than 
40 per cent, of the weight of the wheat used 
may be obtained as flour, the remaining 30 
]>er cent, of the total weight of flour in the 
wheat being called “ low grade.” It w'ill thus 
1 m 5 seen that the baker has plenty of choice as 
to the kind of flour from which to make his 
bread. If he use patent grade, it is white- and 
fine and of delicate flavour, but it is high in 
price. If he use “straight grade,” it is 
strong but darker than the “ patent,” and 
the loaf made*! from it will neither look so fine 
outside or inside, nor w ill it have such a delicate 
flavour, nor keep so moist. If he use flour of 
“ low grade,” his loaf will be dark on the crust, 
and, when stale, will eat dry and chaffy. 

Influence of Gluten. The breadmaking 
qualities of any kind or gi’adi^ of flour depend 
on thi* nature and quantity of tlu^ gluten it 
contains. For urdinaiy ]>nrposes, es])eeially when 
a. slu>rt system of fermentation is adopted, a 
flour willi Hf to II per cent, of dry gluten is 
most suilabk*. Hut tla* eliaraeter of the* bread 
dep(*nds again on tin* extent or d(*gn‘e of eliangc 
\vhi(‘h lias lak(‘n place in tiu* gluten while tlu* 
process of f(*nn«*ntation is going on. \\’hilc tlic^ 
dough is fermenting tin* gluten gradually elianges 
from a v<*ry tough, ha id suhstanee to one softer 
and vi ry elastic. 'J’lien* is a point at whicJi the 
jiroeess lias to he stnpjied if the bread is to be 
just right, and at tliis jioint the gluten is fairly 
(‘lastie ; any bak(‘r in the* haliit of handling 
dough knows by its feel wh(‘n he jinlls it 
whether it has rc'aehcd the- ]jr()])er stage of 
maturity or not. 

If the process be allowi'd to proi‘(‘('d too far 
the gliitt‘n becomes short and wall not stretch, 
and, in this condition, will not hold the gas 
generated by the y(‘ast. so that tin* bread made 
from dough in tiiis condition will be flat and 
close in textun* with many l.irge holes in it ; 
the crust will he jiale in colour, and, instead 
of showing a plump hold outline will be 
cracked on the sid(*s and generally unshapely. 
Bread, on tlu^ other hand, made from dough 
that is unri|)e will 1m* reddish in colour of crust-, 
and the loaves will also have a drawn and 
unshapely n])pearanee, while the ernmb will be 
close in some jiarts and full of elongated liole.s 
in others, and wlu'n the bread is stale it will 
become very tlry and hard. 

Modern Breadmaking Methods. In 

the great majority of hakeries to-day bread 
is made on what is called the “ straight dough ” 
system, to distinguish it from the older methods 
of “ ferment ” and dougli, and “ sponge ” and 
dough. First place must he given to the 
methods and recipes suitable for modern re- 
quirements. It is usual to give all quantities 
of material in relation to a sack of flour (280 lb.) ; 
but, as readers may wish to try making small 
quantities of bread for domestic purposes, 
where it may be difficult or even impossible to 
get supplies from the baker, directions for 
making smaller quantities may be helpful. 
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Keeping Qualities of Fresh Yeast, 

Tf it be possible to get a supply of 
fresh compressed yeast say once a we(^k, this 
can be kept in good condition by pressing it 
tightly into a stoneware jar, and keeping the 
jar standing in cold water, covered over with 
a- damp cloth in as cool a situation as possible. 
If the yeast be fresli and sound wlum obtained 
from the baker, grocer, or cc^rn ehaiidltu’, it 
should have a 7 )leasant, fruity smell, be moist 
to the touch, but not stieky, light brown or 
yellowish in colour, and, wh(‘n a lump is broken 
across, it should produce a snapping sound, 
and show a clean fraetur(\ If yeast be very 
grey in colour it probably contains a quantity 
of starch mixed with it> and is, tluTcfore, not 
so strong. It should not be dark brown on 
the outside, nor white and crumbly in its interior, 
as botli these apjK'aranees are signs of tigc and 
det<u-ii)rati()n. 

Recipe for a Small Batch. If the 

intention be to make 14 lb. of Hour into broad 
two oune(*s of fresli yeast should be sufifieient 
for the purjiose. The flour, after b(‘ing weiglied, 
is sjircad on the table in tlie form of a ring, 
this ring or “ Imy ” being to hold the water ; 
or, if preferred, it may he placed in a vvidt‘, 
shallow basin, l)ut making dough on th<i board 
is much more convenient. This quantity of 
flour will require, to make a rather slack dough, 
about three quarts (iuifKTial) of water. The 
w^at(‘r should bo about 10')^ F. Tf regular 
brt'ad is desired it is better to use a small ther- 
mometer— which may be obtained for about 
niiicpence — to take the temperature of the 
water ; hut, failing that, if tried by the finger, 
it should be just pleasantly warm, without 
feeding hot enougli to cause the least sensation 
of scalding. For this (piantity of flour three 
ounces of salt should he used, and one ounce 
of sugar. The salt and sugar are tlioroughly 
dissolvi'd in about ont^ ])int of the water, and 
the yc'ast carefully mixed in another i^int, care 
being taken that no small lumps are left un- 
broken. 

Dough^maKing. When these preliminary 
operations are performed the remainder of the 
water, (*xeejit a little for rinsing out the basins in 
w'hich the salt and yeast were mixed, is poured 
into the bay, then the liquids containing yeast, 
salt, etc. The whole is then smartly mixed 
into dough, and the quicker the flour is drawn 
into the liquor and the less dry s<a-ap there is, 
the better the dough. When all the ingredients 
are lightly mixed, a fresh part of the table 
shouivl be dusted and the whole transfened to 
that part. The dough adhering to the hands 
is rubbed off on to that still adhering to the 
table, or to the basin, if that has been used, and 
all is carefully scraped together and transferred 
to the mass of dotigh. The remainder of the 
dough-making operation then consists in well 


kneading this mass, turning the sides into the 
centre, till it is all a tough dough of even texture. 
It should then be placed in a basin slightly 
warmed, and covered whth a damp cloth. This 
should he placed in a m()d«‘ratcly warm place, 
away from draughts, for hours, and tlicii 
turned out of tin; basin and well kiu'adetl again. 
It should then be allowed to stand, eoveiiS up 
as before, for anothi'C hour and a (piarter. Th(‘ 
dough should now bo ready for weighing int<» 
pieces and imndding. 

Bread Tins. For donu'stic ])uri)os(‘s it 
is much better to use tins in which (o hake 
the bread, as there is less depending on the 
mouhling for the shape of the bread, and it is 
hotter also to make small loaves weighing not 
more than, say. IJ Ih., as small ovens have an 
inteiis(? hut su|K‘rlicial heat, and very large 
loaves are in danger of getting burned outsidt^ 
before being pro})erly baked internally. 

The tins for bread should he slightly grt'ased 
and warmed a little, before the loav(*s are placed 
in them. After the tins are all tilled, they shoukl 
be set in a warm plact^ close together, away 
from draughts, and covered up with a damj) 
cloth. They arc. allowed to stand in this con- 
dition for al)Otit .‘10 to Il.T minutes to “ prove, ’ 
after which they are placed in the? oven, as wide 
apart as H 7 )ace will allow, and baked. 'I’Iuj 
baking ojjciraiion should not take more tliaii 
about 25 minutes for loaves of this size. If the 
oven is lu'ated by gas lln^ heat .should he redu(?ed 
after loaves have been in the ovc'u about 15 
minutes, otherwise there is danger of hlaekeniiig 
the loaves before they are prope rly baked. The 
quantity of tiour hero usc^d would make about 
12 loaves of l.J lb. each, which could be easily 
baked in a tnoderale-sized kiicluaier oven, or 
in a gas-stove, but if anyom? desired to make 
larger quantities, a small oven heated by cokt* 
or gas can be obtained for about £20, and the cost 
for fuel is very small. 

“ Crusties.” The sanu^ proeedur<^ may be 
followed if crusty loaves are preferred ; but these 
take up more space in the ovem, and “cottager” 
shapes are not suitable w'hen small (plant dies are 
made. The best form of crusty ha* dom(?sti(‘ bak- 
ing is the flat, round sIuijm', (‘itlua* cut or uncut, 
just h(‘fore ht'ing placed in lhi‘ oven. These ar(‘ 
also better for a good “]>ro()f,” say 20 minutes, 
between thc^ time of moulding and that of 
placing in Uie oven. For this kind of hrc'ad 
each pi(;ee of dough is shaped round and placed 
upside down on a cloth — no dusting is net'ded -- 
and allow'cd h) lie covered up with anothca* cloth 
for the time stated. Wiien the loaves ur(s rc'udy 
for the oven they are turruxl ov<a* and cut 
across with a sharp knife: before sidting. Cut 
loav(\s must be plae(*d rather wide ajiart in the 
oven so as to allow* th(‘m to opt'ii out j>ro 7 )('rly, 
otlierwise, if they touch, tin* cuts on top do not 
look nice and bright. 
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MORE SHELLFISH 

Tusk Shells. Bivalve Molluscs: Oysters, Cockles, and 
Mussels. Rearing and Education of Oysters. Mail Shells 


By Professor J. R. AINSWORTH DAVIS 



TusK Shells. Tliis is a small group 
of burrowing marine forms, in wbieli the body 
is covered hy a long, curved shell resembling 
a tusk in sliape [404]. There is a small bole 
at its tip through which the water which has been 
usikI in breathing makers its (wit. An irnpiTfcetly 
developed head and a rasping organ are present, 
and burrowing is eHeeted by a long foot with 
a three-lobed end. Tlie food consists of small 
organisms, which are apparently seeurtx^l by 
the agency of a bunch of lilanumts with thickened 
sticky tips that can \w protruded from the. mouth 
of the shell. Tn sonu' respects these animals 
are int-ermediatt' in 
structure bctweiii 
typical sea snails 
and bivalve nioll- 
uses, which we will 
now consider. 

Bivalves. Tlio 4<,3 piddock 

most obvious eha- a. Front 

raeteristic of this 
group, which includes 
oysters, cockles, mus- 
sels and the lik(', is 
the possession of an 
external calcareous 
shell made up of two 
pieces or valves— t.e., 
bivalve, not univalve 
like a snail shell — 
placed on the right and 
left sides of tin* biKly. 

Th(\y are connected 
together on the upper 
side hy an elastii; liga- 
ment, which causes 
the shell to open, or 405. FKEsinvATKR nv. 
“gape,” when its ne- Bt-ak 



the slu‘ll to open, or 405. FKEsinvATKR mfs.skl 
gape, when its ae- MantlotunitdlHu k //. Brak r. Closilij; 
tion is unopposed, as Muscle d. Mouth f. Foot /. Msuitlc 
may be very >vell seen g- Gills 

in specimens from ri...togon,h» Uy p.„f. B. li. IVstUy 
which the .soft body 

of the animal itself has tioen removed. Along as uell 

the inner side of the “ hinge ” of the shell remote 

there are often interlocking projections and huA^e d( 

depressions known respectively as U'cth and eicneies 

sockets, and serving to prevent displacement method 

wlion the shell is opem^l or closed. of min 

Opening an Oyster. Two fleshy bands and tli< 
(sometimes there is only one), the adductor which c 

muscleSf stretch across from valve to valve, betweei 

one near either end, and when these shorten s(*rve h 

or contract the shell is tightly closed. Any current 

non-expert who has tried to open an oyster w'aste, 
(which has only one such muscle) will testify to above t 
the efficiency of the at .'angement. Having once Thesi 

succeeded .'n opening our bivalve, say a fresh- breathii 
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Avater mussel {Anodonfa), by cutting through 
tli<‘ adductors, avo .shall And that each A’^alve. 
is lined by a soft flap of the body-wall..- The two 
together are knoAvn as the itumtlc, the chief 
agent by Avliieh the shell is formed. As the 
animal grows tlur shell is made* eorrespondiiigly 
larger, lines of growtli marking the successive 
additions. These lines all eirek* round the 
pointed beak {umho) which is the oldest part, 
and is typically near tlu^ front end. 

On raising the mantle-flap of either side 
[4051. once see tlu^ complicated plate-likt^ 

gills (Lamellibraiiehia means “plate-gills”), and 
an orangfi-eoloured 
foot, shaped like an 
axe-head and pro- 
jecting to the front. 
Biv^alves, Avith few 
exceptions, are ossen- 
404. TUSK SUKLL tially biuTowers, and 
a. Foot flitj agi'nt 

hy Avhieh this kind 
of locomotion is 
elTeeted. Blood is 
pumped into it so that 
it stretches forward, 
and then by contrac- 
tion of its muscular 
libres a. shortening is 
effected hy Avhieli the 
body is dragged on- 
Avards. 

Brainless 
Molluscs. At the 

front end of our mussel 
Ave shall find a mouth, 
but no distinct liead 
— indeed, bivalves are 
ofti'U known as the 
‘ ‘ headless ' ’ molluscs. 
Nor is iherti any rasp- 

:,au.v ■>■•««>?. «« 

and cuttles, yet this, 
as well as a liead, Avas probably present in the 
remote aneestial types from Avhioh bivalves 
luiA^' descended. An explanation of such defi- 
eicneies is pvobaV)ly to be found in the curious 
method of feeding. The food consists of all .sorts 
of minute organisms and nutritive particles, 
and these are brought in by currents of AA^ater 
Avhieh continually stream in through an opening 
between the mantle flaps at the back, and also 
siTA^e for the purposes of breathing. A return 
current, carrying with it the various products of 
w'aste, passes out through a second aperture 
aboA^e the finst (indicated by aiTows in 408). 

These currents of Avater, Avhich do the feeding, 
breathing, and scavenging work, arc not set up 


406. OTTER SHELL 
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by the will of the animal, but are produced 
by the constant movement of microscopic 
threads of living matter {cilia) that beset the 
gills and inner surface of the mantle. Such 
a lazy way of getting a living does not demand 
much brain, and it is therefore intc'lligiblc that 
the head should have become nHluced. And 
the same fate would seem to have befallen the 


the sea from their low-lying coast. The tunnels 
of the ship-worm are lint^d by a smooth calcareous 
layer [408]. 

Fixed Bivalves. A considerabh* number 
of bivalv^cs have specialised on uhat may lu* 
called sluggish lines, becoming temporarily 
or permanently llxtul whcai adult. An early 
stag»* of this is seen in the 


rasping organ because the food is not- of a 
character that requires breaking up. 

Seeing Without Eyes. There are many 
bivalves in which the back of the mantle 
is drawn out into either two tuV)es [siphons) 
or else a single one witli two distinet passag(‘s, 
as in the otter shell [jAdraria) [406], along winch 
the incoming and outgoing currents of water 
can rcspectivc'ly How, as indicat'd by arrows 
in the illustration. 

Such a bivalve 
can riunain shel- 
tered in it-s \crti- 
cal burrow in 
the sand or mud, 
and so long as 
its siphons just 
reach the surface is 
able to feed and 
breathe with com- | 
fort. Th(? (uids of 
the siplious ar(' 
pigment(‘d, and 
sensitive to changt's 
of light. Should a 
shadow fall upon 
them, an occurr- 
oncai which com- 
monly points to 
the presen (^e of an 
enmy, they an- 
drawnin and tlinr „ 

owner will begin to 

aeqnaintod. 

Some bivalvt^s bur- 
row in mud or sand 
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edible mussel [Mptilns 
which moors itst'lf to lixcd 
objects by means oi black 
silky threads [hi/ssiis) 14071- 
Should the conditions 1m‘( onn* 
unfavourable it is al)le to cast 
^ olT these threads, and seek a 
fi’t'sh home, though the small 
size of th(! foot shows that 
it is ceasing to lead an active 
life. In scallops [Pccten) the 
foot is reduced to an useless 
vestige, and the shell has 
become somewhat rounded 
14091. Tliciv is one larg(‘ 
museU* only for pulling the 
ves together. The, animal 
lies U]>on its right side, and 
the two valves are dissimilar. 

H’he most typical example 
of a fixed bivalve is the oyster 
{(hfrea), whieh has entirely 
lost its foot, and ])ossesses a 
more or less rouiuled irrt‘giilar 
shell with only one closing 
muscl(‘, centrally ])lac<‘d. Tlie 
animal is tixc'd by the sub- 
stance of the diM'ply 
concave l(‘l’t valv<‘, 
tluttenccl 
' right valve serves as 
WORM kind of lid, which 

raised for the 
admission of water 
euiri'nts. 

^ All the marine bivalves 

start life as minute free- 
\ swimming larva* or 
t\ “ fry/’ so that ev<*n tin* 
fixed forms are able to 
real'll fresh honu's. 'fbese 
little creatun'S st'ltle 
down aft<‘r a time, and 
become “sjiat,” which, 


much more rapidly than others, those whieh are 
best endowed in this respect pos.scssing a long, 
narrow shell with the foot projecting right in 
fro.'t. The razor shells [Solcn) present the.se 
characters in the most marked degree. 8om<; 
species are able Uy bore in w^ood or stone, 
the roughened front end of the she'll being the 
implement employed, while the body can be 
twisted on its long axis so as to bring this to 
bear. Date shells [Lithodomus) and piddoeks 
(Pholaa) are good examples [403]. The mo.st 
notorious wood borer, how^cver, is the so-called 
“ ship worm ” (Teredi))^ whieh play.s havoc 
with the timlx>rs of ships, and has proved a 
serious nuisance to the Dutch by riddling the 
w'ooden piles of the great dams whieh keep out 


in the ease of oysters, become attached to stones, 
shells, or other linn liodies. Arrangements for 
eatehing the spat j)lay a larger jiart in oyster 
culture as practised in many eoimtries. The 
early stages of develo])nu‘nt, before hatching, 
are often spent within the .shells or gills of 
the parent. 

Life Story of the Mussel. A number 
of bivalves live in fri'sh w^at(*r, and in sueh eases 
there are c;ither no free-swimming larva*, which 
would be liable to get swept down to st'a, and 
jierish, or, if they are forrncxl, special arrange- 
ments prevent such a catastrophe. The latter 
alternative is found in the life history of the 
ordinary freshwater mussels (Anodonta and 
Uvio), Development takes place in the out<*r 
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gills of the mother, and when the little larv«a 
{(jlochidimn) is hatched, it passes out to the 
exterior. The shell is quite unlike that of the 
adult, for the valves arc triangular and hooked, 
and a long, sticky hyssus-thread trails in the 
water I+IOJ. Should this thread touch the 
gills or skin of a tish, say a sticklchack, it holds 
fast, and the larva quickly uses the hooki‘d 
shells as a means of attachnusit. Tht‘ irritation 
which is sot. up leads to the growth of a .‘^ort of 
gall, Avithin which the 
later stages are comfort - 
ahly passed through, an<l 
th<^ young mussel ulti- 
mately falls fi om its tem- 
porary home into the 
mud, Avlu'rc it lives for 
the rest of its litc. 

•Some f<‘W hi valves such 
as the common cockli* 

{(Uirdinm ahde) an‘ 
able to make consider- 
able leaps by suddenly 
straightening the bi'ut 
h)ot. Others are 
able to swim by 
dapping their shells, 
as in some of the 
smaller scallops and 
file shells {Lima). 

In such cases as the 
last the mantle 
edges are fringed 
Avith delicate ten- 
tacles, and studded 
Avith numerous eyes 
of a red or oj*ange 
eoloui* 1409]. 

Oyster Cul- 
ture. Oysters have 
been esteemed as a 
dclieaey from re- 
mote times, those of 
Whitstable, for ex- 
ample, being Avell 
known to the 
anei(‘nt. Romans. 'Diey thriA^e best Avliere there 
is a eertain admixture of fresli wafer, as in 
(‘stuaries, a habit A\liieli is not Avithout dang<‘r 
to the epieure. Tor the minute organisms on 
Avhieh these sheLlish feed include bacteria, in- 
cluding some of those producing serioms diseases. 
'Hie gcM-ms of ty]>hoid fever, taken up from in- 
fected sewage, ean be disseminated in this way. 

In order to secure a regular supply of oysters, 
vai'ioiis metliods of culture Iuia’c been employed 
for many eenluries, sometimes Avithout mueb 
improvement, as in Italy, where these' toothsom * 
biA^alves are rc'ared in much tlie same fashion 
as they Avere in classical times. Rut in other 
countries, such as Holland and France, oy.ster 
(udtuke has become a very elaborate maffeu. 
The latter country Avill serve as an example. 
[For (k'tails see Fisheries. J 


Tlie natural oyster-bc'ds of France are care- 
fully preserved, and serve as the source of the 
free-swimming larvjc or spat, the collection of 
Avhieh is the first object of the industry. The 
“eolleetors” are crates of lime-Ava.shed carthen- 
Avare tiles placed on the shore between tide* 
marks. To these tiles the spat attach themselves 
Avhen the free-swirnming life is abandoned. 

AfttT a time the minute “ seed oysters *’ 
are flaked off the tiles and placed in shallow 
trays covered AA^th Avire 
gauze for further de- 
velopment. 'rhoy are 
s u 1 )se< |uen t ly t ransferred 
to carefully - prepared 
oyster-beds, some of 
which arc wfilled in and 
provided Avith flood- 
gates for legulatiiig the 
supply of water. 

In sonu' eases, as at 
^larennes, the culture 
also includes fattening, 
greening, and education 
for transport. 'Plio 
two former tak(* place 
in ])onds and trcai- 
ches. full of brackish 
wat(*r sAvanning wdth 
niicioscopie algic. 
It is tiiese Avhich 
impart the d(‘licate 
giciai colour prized 
by epicures. It 
should he mentioned, 
however, that soiiu' 
oysters are green 
fiom tli(i presence 
of e o p p e j* c o m- 
pounds. and tlu'sc 
ar(‘ decided ly del(‘- 
t (‘ r i o us or e v o n 
poisonous. 

Kducation for 
transport eon.sists of 
keeping out of Avater 
foi a eertain time such oysters as gape ” when 
remov(‘d from their natural eJomcnt. By a 
repetition of this process tin*, molluscs learii 
to keep their shells closed, and are then ready 
to traAX'l. Some oysters, of course, do not need 
this kind of “education,” having already lefirned 
from their own exi>eri(*Mce to “ shut up ” Avhen 
hrtaight to land. 

Mail Shells. The mail shells {Chiton, etc.) 
are OA'al, flattened creatures Avhieh IIa’^o under 
stones round tlie coast, and correspond more 
nearly than any other living forms to the remote 
ancestors from w'hich all shellfish have ch'seendecl. 
’Phe upper side of the body is protected by eight 
overlapping shelly plates, and on the under side 
a long, flat foot , an imperfect head, and numerous 
gills may be se<m 1411]. Some of these forms 
roll themselves up like hedgeliogs Avheii alarmed. 
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PSYCHICAL RESEARCH 

The Mystery of Life. The Two Minds of Man. 
The Ultimate Reunion of the Universal Soul 
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By HAROLD BEGBIE 


'T’HERE is an inclination in the average mind 
to make a duality of existence, and to ^ay of 
one division, which people call the jiki/siailt tluvt 
it is comprehensible ; and of tlio otlier, which 
people call the psychical^ that it is incompre- 
jiensible. 

For the convenience of our arguniont, wc will 
accept the proposition that existence can bt? 
divided into those two parts. Let us, then, 
look at the physical division, which men of 
science profess their ability to handle, and see 
how far their investigations carry us in absolute 
knowledge. We ask, to begin with, of what the 
earth is made ; and w'c are told matter. We 
ask what is matter ; and w(^ are told that it is 
probably electricity. What is electricity ? we 
ask ; and we an^ told that nobody knows. The 
visible, tangible, and sonorous earth is a rnyst(*ry. 

If we ask them what tluvy understand by gravi- 
tation, they arc cipially unable to tell us. They 
know that gravitation is a fact, just as elec- 
tricity is a fact ; but wiiat it is no man knows. 

The Mystery of Life. We ask the 
physicists to tell us about birth and death —the 
two most obvious facts of the* maU*rial universe*. 
Hi>re, in a measure, they be'como voluble ; but 
when we ask them to states the ditTerence between 
a live flog and a dead dog they are siiemt again, 
n’lie greatest of them admit at once that we have 
no knowledge on this head beyond a general 
biological hypothesis on the one hand, and a few 
f>hysiologieal facts on the other. Of life they 
know nothing, and of death they know no more*. 

As a wrih^r has very well ])ut it, ])hysical 
science knows only about “ tlu? outside of things. " 
Of the mystery of life it knows nothing. Now, 
it is not oftf*n seen that my.stery is not to l)e 
driven into one of the divisions of knowledge 
— the division called psychical — but that- it 
obstinately holds its place in the other division 
as well, the division c..llod physical. It is this 
point which we would establish as our first 
ju.stifi cation for approaching what arc called the 
mysteries of life. Many people besides physic- 
ists tell mankind that mysteries are sacred 
things not to be handled by mortality. The 
answer is that, if indeed this be the case, then 
we must sit with folded hands and closed eye.s, 
since all is mystery. The man of science who 
investigates invisible and intangible electrifuty 
is guilty of a blasphemy. Cohesion is a mystery. 
There is no man of science who can explain how 
it is that this solid globe swims through ether 
without disturbing it. The very simplest facts 
of life share the universal mystery, and the 
human division of things into material and 
psychical is but a clumsy evasion of the one 
all-present and eternal mystery — the mystery 
of life. 


The Search after Truth, i’sycliieal 
Hcicnoe, riglitly imd(‘rstood, doers not work in 
a lield by herself, hut se(*ks in tliir field of 
all impiiry to intensify the cultun*. vShe is 
not set upon proving communication between 
the dead and the living ; her ambition is not to 
eluteli tin* vanishing garments of ghost and 
goblin. Slie is the enthusiast for truth who 
preaehe.s to all who profess and call themsclv(‘s 
men of science* honesty and eoiiragc. Slie liolds 
the great primriiiles of jihilosophy, and believes 
nothing until it is proved. She (‘liters upon lu^r 
work with no pri*eonec‘iv(*d tlu*ories. with no bias, 
and with no enmity. She is the great eiieourager 
of liuinan elTort to undi‘rstand the univ(*rs(', and 
her word to those who are so patiently and so 
splendidly engaged with the outside of things i.i 
a word, not of mockery, but of eh(*(‘r. In a woi-d, 
the phrase psychical scic'nee” is men*ly an 
exprerssion of that constant altitude of the 
human mind towards thc*mysU*ry of life - namely, 
the assur(*(l conviction that we are (Iestin(*d to 
distrover truth. 

Is Man an Immortal Soul ? Psy- 
(rhical scic'uce has come to m(*an in the minds 
of the multitude a search aft(‘r the impossible, 
or a study of the incompnhensibh*. Our 
point at present is this : that ])]iysical science 
in seeking to und(*rstand gravitation and cohe- 
sion, is seeking to understand what is incom- 
prehensible ; and that psyehic'al seiimi.’e is not 
a hunter after ghosts and goblins, but a sysk*- 
matie effort to begin at the beginning of luiman 
impiiry by investigating the mind witli which 
the physicists engage ii})on their problems. If 
w’e were to sum up tin* elTort of psychical science 
into one sentence, we might say that it is to answer 
the most precuous of all (jU(*stions — “ What is 
(tonsciousncHs ” ? And consciousness, we hold, 
is no 1(*HS a mystery than gravitation or 
culu'sion, and yet, in answering that ipiestion, 
we shall hold an answer to that oldest of all 
questions — “ Is man an immortal soul ” ? 

Two hypothest^H eoTUferning man’s personality 
have, been stated in recent years. Tlu^ one 
comes from America, the other from England. 
The propounder of tlu^ first hypothesis is Mr. 
Thomson Jay Hudson, author of “The Law of 
Psychic Phenomena’’; and the propoundcr of 
the second is Fredmic W. 11. Mytus, author of 
“ Human Personality.” 

We proceed in this place to state the hypothesis 
propounded by Mr. Hudson. In his search 
for some working hypothesis universal in its 
application to psychic phenomena, Mr. Hudson 
wixs careful to examine some of the obscure 
phases of mental aberration which, as a rule, 
are neglected by professors more anxious, 
perhaps, to state a theorem than to substantiate 
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its logic. The hypothesis advanced by Mr. 
Hudson is based not only upon a remarkably 
wide knowledge of hypnotism, but upon a pretty 
general obs(M*vation of mysterious aberrations 
in human personality which have to bo ex- 
plained if w(^ are to arrive at any just and 
eatholie eonclusion concerning the nature of man. 

The Two Minds. Mr. Hudson’s labours 
led liim to a hypothesis with these propositions: 
{a) that man has two minds — the objective or 
physiological mind, and the subjective or 
spiritual mind ; {h) that the subjective mind 
is eonstantly amenabh* to <*ontroI by suggestion ; 
and (e) that the subjective mind is incapabh* 
of indiKdive reasoning. 

These thre<i propositions arc? of the very 
highest importance, and before ])roceeding to 
state them in greater fulness w(‘ propose to 
make ttuun a little more clear to the mind of 
the reader unaequaintx'd with the language 
and methods of psy<*hical investigation. 

Of old time it w-as said that Man consisted of 
a trinity — his body, his mind, and his .s])irit. 
'riie body was the outward and tangible sign 
of the man ; the mind was the inward and 
invisible working of the machinery of the man ; 
and tlu^ spirit was the iiudlahle essence which 
i'omposcd th(^ j)ersonality and individuality of 
the man, differentiating him from his fellows. 
The surgeon of modern days would do away 
with the third pi'rson of this trinity ; that 
which the ancients called the spirit, he aflirms, 
is to be found in the grouping of the brain cells, 
and personality consists almost (uitiroly of 
memory, which can Ix^ destroyed by damage 
of the matter composing the brain. ^Ir. Hudson 
bolds a contrary opinion, and adduces evidence 
to prove that th(‘n^ is in man a mind separate 
altogether from the ])hysieal mind which is 
subj(‘ct to tlu; l.iws of Nature* anel <*an be easily 
destre\vcel. This indcstniclibh* minel he (‘alls 
the Subjex-tivf^ Minel. Man, tht*r(*fore*, aeeording 
to this tlieoiy, consists e)f the anci(‘iit trinity — 
a body, a physical minel, and a sjjiritual Ego. 
The* l)e)ely you can harm, the physical mind 
you ean educate or di’stroy, the subjective 
mind is inelcj)e‘nele*nt of terrestrial conelitiuns. 

This funeiame*ntal truth, it is liclel, is the re*al 
basis e)f Man’s e emceptioii e)f (lod as a Trinity 
“ in His pe'rsoriality, moele*s of existcnc’c, 
anel manifestations. ’ Sehclling says ; “ The* 

philose)pby e)f mythology proves that a trinity 
e)f divine potentialitie*s is the root from whie-li 
liave grown the ledigious ide‘as of all nations 
of any importance tliat are* known to us.” Jn 
fact, from the t*arliest ages of human thought 
this theory of the thrcefolel nature of man has 
been j)redty generally bold. But Mr. Hudson's 
service lies in the lucid and laborious manner 
in which he has defined the nature e>f the two 
elements constituting the dual mind. 

Functions of the Two Minds. The 
lino of demarcation between the t wo minds, 
he declares, is clearly defined; their functions 
are essentially unlike; each is endowed with 
separate and distinct attributes and powers ; 
and each is capable, under certain conditions 
and limitations, of independent action. And 
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then he states very clearly what he takes to 
be the difference between these two minds : 

“The objective inind takes cognisance of the 
objective world. Its media of observation are 
the five pliysical senses. It is the outgrowth of 
man’s physical necessities. It is his guide in his 
.struggle with his material environment. Its 
highest function is that of reasoning.” 

So far, tlie objective or natural mind kno^m 
to the physiologist. As for the s£)iritual mind, 
we learn : 

“The subjective mind takes cognisance of its 
environm(‘nt by means independent of the physi- 
cal senses. It perceives by intuition. It is the 
seat of the emotions, and the storehouse of 
m(‘nioiy. It j>ei'forms its l^ighest functions when 
the objective senses are in abeyance. In a word, 
it is that intelligenc(^ which makes itself manifest 
in a hypnotic subject when he is in a state of 
somna m hu 1 ism. ” 

The reader has now obtained, we hope, a 
clear idea of what Mr. Hudson means by the 
objective mind and the subjective mind. He 
has learned tluit the objective mind has to do 
with tile objective world, and is man's eliicff 
guide along the patli of evolution ; while the 
subj<‘etive mind, independent as it is of the 
])hysieal sen.s(‘s, is irrational, and ai'rives 
at its conclusions liy means of what we call 
intuition. VV(* will now examine in gr(‘ater 
d<‘tail the last two propositions on which is 
bas(‘d .Mr. Hudson's hypoth(“sis of the Dual 
Mind. 

Actions without Reason. The second 
proj)Osition declares that “ tlie suhjc'ctive mind 
is eonstantly aiuenabli* to control by sug- 
g<*sti(.m.” Now, the reader will know that 
while he can give a logical reason for many 
of his opinions there are y(*t c(Ttain definite 
and inifiortant convictions iieljiing to compose 
his personality for which lu* can give ncith(?r 
to himself nor to others a valid jnstilication. 
We know why Ave jircfer gold to silver, why 
we light, a fire when it is cold, why we use 
our feet and not our hands wlien we go for a 
AAalk: for all th(‘se things the ohj(*etive mind 
ean provide a convincing logic. But are there 
not a thousand things in the day Avhi(di are 
s(‘ttled for us without any exercise of reasoning 
on the part of the objective mind ? Nay, is 
not tht* greater part of our lib*, our emotions 
and sensibilities, iiuhqiendent of the reasoning 
proce.ss V We are instantly drawn to one 
jierson, and repelled by another ; a certain 
scent 2 >leas«\s ns, another disgusts ; we set out 
to do a thing, when suddenly we are turned 
back and desist from it ; someone fiersuades us 
to a. course of action Avhich is against our reason, 
while another, by his very advocacy, makes us 
refuse to do that Avhich he counsels and of 
which our reason fully approves. In fact, the 
reader will easily name for himself a thousand 
and one things wliicli occupy liim and control 
liim without the smallest decision of hi.s reason- 
ing power. 

But while this independence of the subjective 
mind is more or less clear in normal life^ there is 
a certain abnormal state in which it becomes so 
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remarkably manifest that the man df ficience is 
brought to readjust all his old theories ooneerriing 
human personality. 

Credulity under Hypnotism. We 

refer to the state of hijpwms. Tn the state 
of hypnosis the subjective mind is always 
amenable to suggestion. Nothing is too mon- 
strous for its crodeneo, nothing too fantastic 
for its acceptance. The objt^ctive mind will not 
accept, often enough, the most palpable truths 
of daily life, labouring through the process of 
logic to discover some flaw in the hypothesis 
whereby it may escape belief ; but the subjective 
mind never reasons, and let a thing b(^ suggest(‘d 
to it in hypnosis, never mind how grotesque, and 
it yields incontinently a ready assent to its 
veracity. 

“ If a subject is told,” says Mr. Hudson, “that 
he is a dog, he will instantly aeco])t t In^ suggt‘stion 
and, to the limit of his physical possibilit y, act 
the part suggested. If he is told that he is tlie 
President of the United States, lie will act the 
part with wonderful lidelity to life. He may 
be thrown into a stabi of iiito.xication by b(‘ing 
caused to drink a glass of watcT under the iiu- 
pre.ssion that it is brandy ; or he may he restored 
to sobriety by the administration of brandy, 
under the guise of an antidote to dninkenm^ss. 
If told that he is in a liigh fever, liis putsch will 
become rapid, his face tlusluul, and his tempera- 
turi^ ineniascid. In short, ht» may be made to 
see, hoar, feel, smell, or taste anything, in 
oliedience to suggestion. Ho may be raised to 
the liighest degree of mental or physical exalta- 
tion by the same pow'or, or be jilungcd by it into 
the lethargic or cataleptb^ condition, simulating 
death.” 

The reader will perceive that if, during 
hyjmosis, a man’s subjectiv’^e mind can be so 
influenced by another, it follows that in daily 
life this sanui subjective iniTul is constantly 
limber the influence of Mu^ man's objective mind. 
Think with the objective mind of disaster and 
ruin, and the subjective mind wull become 
moroB<^ and paralysed ; think constantly, on 
the otlicr liaiid, of success and gratitude, and 
(ho subjective mind W''il] become quick with a 
cheerful and most salutary enthusiasm. A 
man’s life, then, is largely influenced by the 
suggestions that he receives, both from hims(‘lf 
.and from other people. The subjective mind — 
as Mr. Hudson s si'icond profiosition (hu larcs — 
is constantly amenable to suggestion. 

A Hint of the Afterward. We wall 
now^ t 'ko the third proposition — namely, that 
the subjective mind is incapable of inductive 
HMisoning. Now, the student must perceive 
that the reasoning powers on w^hich man 
very properly prides himself are, after all, the* 
groupings of a finite being necessitated by an 
environment of which he is naturally ignorant. 
We use our reason to find our way about the 
earth. Our reason uses such ideas as those of 
time and spaee — things which cannot possibly, 
have any existence or meaning. All this is 
necessary if we are to arrive at any conclusion 
concerning our little environment, the earth and 


its limited atmosphere. Hut do w^e suppose that 
the reason will play any part in s})iritual states ? 
What shall wai know of hours and years in 
eternity, or of mil(^s and furlongs in the fields 
of infinity ? Outside this eartli, we must think, 
there are processes far dilYerent from those of 
the painful and stumhling functions of t he brain 
for arriving at knowledge or for compassing 
achievement. And tlu^ subjia-tive mind seems 
to give us a faint hint of wdiat. these pnxesses 
may be. 

The Mind that Cannot Reason. 

The subjective mind does not reason, it rrru/o*. 
Tell a person in the liypnotic trance that a. chiiir 
is the Archangel Michael, and it will bow down 
in worship. Li^t the objective mind pity this 
credulity liow it may, the subjective mind will 
be content in its creation. For it, the chair is 
.an angel, .and nothing else mattcas. The soul 
of a man can siiggt‘.st to itself the most 
alluring of hcawens, or the most dismal of hells ; 
can build itself out of airy notliing gorgeous 
palaces and delightsome gardens ; and in wliat- 
soever circumstances it tind itsedf, can becomes 
at its own suggestion, any sliape or thing its 
aspirations may dc^sirc. Tlie subjective mind, 
then, whi< li is constantly amenable to suggestion, 
is incapable of deductive reasoning. 

And now, in eonelnsion, let us follow Mr. 
Hudson’s answer to tluniatural question : ‘‘ Why 
is it tliat (lod lias given to man a soul possessing 
such transe(‘nd(ait powesrs in (aatain directions, 
and yet undm* the alisolute control, in all its ideas 
ami intelloetual functions, of a finite, jaTishable 
intelligiaiet? ? ” In anotluT form, “ Ifow is it 
that tlie subjective^ mind, sosupeaior inits powei’s 
to the objective mind, is yet. in subjeeliori to 
this purely material and linite inteiligenee '! ” 

Man is a Free Moral Agent. The 
broad and compn'hensive answer, says Mr. 
Hudson, is that Uod has so ordered tilings 
in ord(u- “ to constitutes man a. fr(a^ moral 
agent.” It nce'ds no argument, he proceeds, tei 
show that if the soul wau'e not so limited in its 
initiative power of resisoning, tlie finite, mortal 
mein could not he held resjionsible for the moral 
status of his soul, (lod geive tlu^ objeuUive man 
the* powers of naison, inductive as wa^lJ as 
d(‘<luctive, for the purposes of enabling him sue*- 
cessfully to struggle with liis physical eaiviron- 
iiieut. H<5 gav(^ him the jaewau* to know th<^ 
right from the wrong. He gave him supnane 
control of tlu^ initial proeesse*s of reasoning, and 
thus made him responsible for the moral status 
of his soul. The soul, in the meantiims so long 
.as it inliabits the body, is charged with liniiti'd 
responsi hi lilies, ft is tiic life juineiple of the 
body, .and its normal functions pertain solely to 
t he prescM vation of human life -and the perpetua- 
tion of the human race. 

We do not pretend that Mr. Hudson’s reason- 
ing is conclusive, nor do we desire the reader 
to think that we have here presented him 
witJi the final hypothesis of human personality. 
But we feel persiradcd that Mr. Hudson has done 
valuable service to psychical research in insisting 
upon the two incontrovertible facts. 
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Nature of the Roots Found by Inspection. Relations between the Roots 

AK.MIKA. 

t'Diillinietl from ".i'll 

and the Coefficients. Simultaneous Quadratic Equations. Problems 


By HERBERT J. ALLPORT. M.A. 


98. Nature of the Roots of a Quad* 
ratio. In Article 96 it was shown that every 
quadratic equation n'dueca to the form 
ax* hx 4- c— 0, 
and that the solution is 


~ 4 - sjb- — 4ric , — 6 -- 

X— — - and X — 

2a 


Aar 


From this it appears that a quadratic equa- 
tion Jias two, and only two, roots. 

Tf the exj)ression under the square root si^n, 
h* — 4m*, equals 0, then eaeh root rediiees to 

-- In this ease tho equation is said to liave 
2a 


two equal roots. Tf 7/“ ~ 4ac is a perfect .square, 
the values of x are rational, i.e., can be expressed 
without a square root si^^n, and are unequal. 

If 1)^ - Aac is not a perfect square, the values 
of X are still unequal, but are also irrational^ i.e., 
we cannot find their exact value. 

If 6'^ — Aac is negative, the roots arc inuuji- 
nanj ,* for, we cannot take tlu^ sciuare root of a 
negative quantity, sinci^ by the law of signs tho 
square of any quantity must be positive. 

Finally, it b — 0, the values of x become 


4" - 4ac , - s! - Aac 

... and , 

2ii 2a 


i.e., they are eipiafin valiK*, but opposite in sign. 

It should be noticed, from the above, that if 
one root of a quadratic is irrational, then b(>lh 
are irrational, and if one root is imaginary, then 
both roots arc imaginary. 

99. Additional Roots. In simplifying an 
otpiation, it is often necessary to multiply both 
sides of the given equation by the same quantity. 
The resulting equation will, of course, bo satisfied 
by all the values of x which satisfy the given 
equat ion. But, if we multiply both sides % an 
integral expression containing x, the resulting 
equation will also be satisfied by any value of x 
w4iich makes this integral expression equal to 


For this reason we must ahvays be careful 
to multiply by tlie least common multiple of the 
denominators. 

Example. In the equation 

i 

:r-2 xA-2 x^’-A 

the L.C.M. of the denominators is x^ - 4. Multi- 
plying l)oth sides by x^ - 4, we get 
(.r4-2)-2 (a:-2) = 3, 

whence 

.r ~ 3. 

Tut if, instead of multiplying by the least 
common multiple, w’c use, say, (x - 2) (;r- - 4), 
we get 

(a:2.4)-2(a:~2)«=3(a?-2). 


Therefoiv, 


wliieh gives 


x^-ox 4' 0 - 0 ; 


X — 2, or X = 3, 

and the value .r — 2 doe.s not satisfy the original 
equation. 

100. Relations between the Co- 
efficients and the Roots of a Quad- 
ratic Equation. It is uftual to denote the 
roots of the general quadratic equation by tho 
({reek letters a and li. Thus, 

“7>4- - Aar 


-h - \!h- Aar 
‘ ' 2a 

By addition we havi* 

_ -h-r — Aftr —b — 


vV/- - Aar^ 


-2f> _ b 

2a a ’ 

And, by multiplication, 

. ( - s' Ir - Aac) {-h- S'fr - Aar) 

- .> o - » 

2a . 2a 

_ ( — />)- - ( ' - 4ar)- 4- Ir — h'^ -\-Aar 

A(i- Aa- ’ 


_ 4ur __ r. 

Aa- a 

But, by dividing (*very term of ax- -1~ bx + t, 
= 0 by a, wo gt‘t 

X- -1- ^ ~ 0, 

a a 

and, by wiiat has just been proved, this is 
equivalent to 

X- - (a 4- /f) ;r b a/i = 0. 

Thus, in a quadratic equation in ickich the. 
coefficient of is unitg, the sum of the roots is 
equal to tin? eoeftieient of .r with its sign changed, 
and the product of the roots is equal to the 
term indeix»ndeut of x. 

This result is of great importance. Instances 
of its use are seen in the following exaniple.s. 

Example 1. Form the equation whose roots 
are the S4|uares of the roots of the equation 
a*' ‘ 3x'-5™0. 

One way of finding the required equation 
w'ould be to solve x^ 4- 3x ~ 5 — 0, and then 
square the roots. But, by Article 98, since 
b'^ - AaCf i.e.f 3* 4- 4 . 5, equals 29, w'e see that the 
roots of the given equation are irrational ; so 
that to find their actual value and square those 
values would be, at the least, clumsy. We 
therefore proceed as follows, and avoid finding 
the values of the roots altogether. 
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Let a and ^ be the roots of -f -5=0. 
Tlien, by the present Article, 
a -+• /^ 

af-i - 5. 

The roots of the required equation will bo 
and so that the sum of its roots 

= 4- (i- 

- 4 2tt/-J 4 — 2a/'i 

- (a -I- (iY-2afi 

- 9 i- JO- 19 
and the product of its roots 

- a-' . {a(iy= (-r>)“^- 2,5. 

Hence, since the required ecpiation has 10 
for the sum of its roots, the coi‘llioi^uit of x must 
be - 19, and since the ])roduct of the roots is 2.5, 
the term independent of x is 2.5, the coeUieitmt of 
being 1 . Thus the requirefl e<juation is 
x^~ 10.r ]- 25 0, 

Example 2. Find wliat relation there must 
bo between the eoeflficit'nts of the ecpiation 
x^- 'px \-(j — 0 in order that one root may be 
three times the other. 

Let a be one root of the equation. 

Then .‘la is th(‘ other. 

The sum of tJie roots 

- /). 

Therefore, 

4a =p. (1) 

Their product 

= g. 

Therefoie, 

( 2 ) 

Tf we eliminate (Art. 49) a from (1) and ( 2 ), 
we shall obtain the reqiiired r(‘lation between 
p and q. 

Squaring ( I ) w(‘ g('l 

lba“ — p“. 

Dividing this result by ( 2 ) 

I(»a“ p- 
5a “ <f 

or 

•A/,--- Ifw/. 

101. Any cpiadratie Avhose roots are given, 
may be formed by the method of Example 1 of 
the last article, f.e., add tin; given roots to- 
gether, and ehang(^ the sign to form tin* co- 
efficient of .r, anti mubiply them together to 
ol)tain the third term. 

Examj)le. Form the equation whose roots 
arc - J and f- 
Sum of roots 

- i + 3 J, 

Product of roots 

-i- 

Therefore, reejuired equation is 

h < 1 ; 

or 

Or, we may use the converse of the method of 
solution by fact^ors. For, since the equation 
(x — 2) {x — ^) -~0 is satisfied by the values 
x = 2 and x -- 3, it is clear that the converse 
is true, riz,y that the equation whose roots are 
2 and 3 is (a; ~ 2) (a; - 3) = 0. This method is 


applicable to eq\iaiions of a higher degree than 
the second. 

Example. The equation whose roots are 
— 4- and 1 is 

{x -I J)(a: - ^)(.r - l)-0; 
or 

(2x 4 l)(2.r - l)(.r - l)-0, 

i.e.y 

4a;-’ 4a;- - x f 1^0 

EXAMPLES 28 

Solve the following e«|ualinns 

1. . -I-' 

4(j|l) « 

„ a- -1-4 7 -a: 4.i'+ , 

3 . ’ _ 4 2x-7_^ 2 

4 2.r - 7 5 ;r - .5 5 * 

^ :i.r -2 2.r -5 H 

2a; -5 5.c - 2 .‘l’ 

If a, p are tlie root s of .r- -- p.r 4- 7 =9, find 
the value of 


5. ^ 6. 4 * . 1. ~ ^ . 

p a a* p * tt“ 

8 . If a, p are the roots of .‘tr--4;t; 4 2— 9, 

form tJie 0(1 nation wlio.se roots . ire and 

9. Find the condition that tlui roots ol 
.r- I- p-x f 7 - “= 9 may be the squan*s of the 
r<M>(s of x“ + /Ai; -f 7 - t). 


SIMULTANEOUS QUADRATIC 
EQUATIONS 

101. Wo shall now eonsider simultaneous 
eipiations, one or both of them being of the 
seeond degree. 

Example 1 . Solv(‘ 

x\-!/-r^ ( 1 ) 

xff (> ( 2 ) 

Here we are given llu* value of x 1 - //. Jf we 
can timl the vahu; of x //, tlie .solution of thesis 
two simple equations will give the values of 
X and //. 

Py squ.'iring ( 1 ) \vi‘ have 

a;- -I- 2x1/ I //- — 25. 

Subtract 4 times (2) from this result, and we 
g<*t 


a:- - 2x11 4 //“ - 2.5 - 24 - I . 
Therefore, taking the square root, 

X -- // - ± I . 

We have now tlie two sets of equations 

* 4 ■'/ = .wa * ' . 1. 


y-U 


X -!/■ 


The solution of tlu^ first .set gives 
x^^yy^2, 


and of the seeimd 

a; - 2, }/ - : 3. 

Example 2. Solve 

x-y ~ 4 (1) 

xy-r=\2 ( 2 ) 

In this case wc find the value of x y i>y 
squaring (1) and adding 4 times (2). This gives 
x^ + 2xy + y^ = Ifi -b 48 = (>4, and taking the 
square root we get x* -b y = ±8. We now 


.5291 



MATHEMATIOS 


proceed jis in Example 1, and f>btain x = f>, 
\j — 2, and x - - 2, ?/ — - b. 

102. Other eases arc largely dependent on 
the two simple examples already giv'en. 

Example 1. Solve 

.c- L- y-' l>r». . . . (1) 

X + ?/ " 7. . • . (-) 

Scjuare (2) 

X- '1 2.rv + >/“ - . . (•») 

Suht raei (1) from (li) 

2.r// - 41»-2.''» 21. . . (4) 

Subtract (4) from (1) 

a*- - 2.17/ 4- jr “ 1. 

Thereforis 

X -y ^ ± 1. . . . (o) 

By solving the sets of equations eontainc'd in 
(2) and (fi) we have 

X 3, y - 4, and x~ iy y - II. 


Examjde 2. Solve 


X“ 4“ ?/“ - <»7). . • 

. . (1) 

xy ~ 28. . . 

. . (-0 

E rom (2) 


2xy m r>(). . . 

. • (3) 

Add (1) and (15) 


a?- 4- 2.V// 4- //- — 121. 


41iori‘fore, 


a* + // — ± 1 1. • 

. . (4) 


Subtract (15) from (1) 

y.2 _ J 


^riierefore, 

x-y = ± 15. . . . (.">) 

From (4) and (5) we have four sets of erpia- 


tions, namely, 

X f 1/ “ 1 1 ^ ar + y — 1 1 ) ^-4-// -11 ) r 4-.V ~- 
x-y - 15 1 x-y-W | ;r-//— - 15 1 x-y 

the solution.s of which are 

a-== 7\ x-^-4\ r= 41 .r--Ti 
!/--■■ 4 1 1/ ---7I y-7) i f 
Example 3. Solve 

ar^ 4- .r'V* ! //* — bl. . . . (1) 
x" - xy 4 7/“ 7. . . . C-) 


T)ivide corresponding sides of equations (1) 
and (2), thus 

.74 4 x-y- 1- //' bl 
X- - xy + y- 7 


The student should find no difficulty in apply- 
ing the method to other forms. Remember that 
we can always solve the equations if wc can find 
the product of the unknowns, and either their 
sum or their difference. 

103. If the equations are homogemmis as 
regards x and y |see Article 30, page 2149], we 
can always solve them in the following way. 
Divnde one equation by the other ; simplify and 
resolve the result into factors. This gives x in 
terms of y. If these values of x are substituted 
in either of the given equations we get a quad- 
ratic in ?/, and the rest of the process is evident. 

Kxaiiqde. Solve 

22 ( 1 ) 

xy-2r^ 15 (2) 

Divide corresjunding sides of the given 
equations, 

X- - 15//' 22 
xy - 2 // - 15 ’ 

IVIultiplying by the L.C.M. of the denominators, 
wc have 

15 (:r^-;5//^)=22 {xy^^ir); 
or 

Ij.r- 22.r >- ?t7iy- ^ 0. 

Therefore, resolving into factors, 

(:5j;-7//) (.V -;■>//)-: 0. 

Tlu'vefore, 

X = 7) // ; 

or 

= ly. 

We now substitute, in turn, these values of ,r 
in (‘ither of the given equations, and so 
obtain a quadratic involvitig only y. Tn 
I . this case, it is simplcT to use equation (2). 


.,J, Taking .r 

5// we have 

b//’ - 2//- 15. 

Therediue, 

3//“ = 3, 


1, 


y — ± 1 ; 

and since 

X = b//, 

we gi t 

a;— ± b. 


Again, substituting .r = a// in the same equa- 
tion, we get 

A//-' -2//-- ;5. 


or 

a'“ 4- .r// + //“ = 115. . . , (:5) 

Subtract (2) from (15), 

2.77/ ~ (> ; 


Therefore, 

and 


r'- 9 

y= ± 3; 


or 

^ry-^ (4) 

By adding (3) and (4) and taking the square 
root, we obtain 

x\- y-±Ay . . . . (b) 

and, by subtracting (4) from (2), and taking 
the square root, we obtain 

a:-//- ±2. . . (fi) 

As in the la t example, (5) and (6) give four 
sets of eqiiations, the solutions being 

a? — 3 ] .r = 1 1 r - ~ I ) a? - - 3 ^ 

//==:5| // = -:5/ 


X— .\ff 

= I of ± 3v- ± 7. 
Hence, the full solution is 

.r = 5 ) .r = - 5 ) .r - 7 ] .r = - 7 ] 

//=.lj //:=-! I ?/-^;5f //r=-3j' 

104. If we have two equations, one of the first 
degree and the other of the second, we can find 
the value of one of the unknowns in terms .of the 
other, from the first degree equation. We then 
substitute this value in the second degree equa- 
tion and so obtain a quadratic whose roots are 
the required values of the other unknown. 
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Example. Solve 

a://4- ?y2= 13. . , . (1) 

a;-2;v= <).... (2) 

From (2) we have 

X -- 2// ^ <>. 

Substitute this value iu (1), tluis 

(2y+ (2//+ (»)// h y/‘-'=: 13 ; 

or 

7^/“ ^ 3(»y 4- 23 = U. 

"riievefore 


If .V - 


(7// 4- 23) (.y4-l) --=0 
?/ — - 1 or — ‘4“'. 

- 1 , we have r — 2 ( - 1) + b — 4, iiii.l if 
x= b^-i. 

EXAMPLES 29 


5. 


218 


Solve tli(5 equations 

1. xH- :(/—() 

a:/y -= 8. 

2. :r»y^ IT) 

x~ij= 2. 

3. r'^ 74 

.r/y .35. 

4. - .r/y 3- y- — 1 3 

X f ij = o 

PROBLEMS INVOLVING QUAD 
RATIO EQUATIONS 


x:‘-!r 

X — jf .5. 

6. X'- 4 .r V —35 

xy - //“ 2. 

7. 2.r - 3v -r 4 

.r“ f .r/y - <>//“ = 11. 

8. 3,r t- y 15 
2 ,r - - .‘by - — 5. 


105. In Articles 51 aiul 52 | paj:;fc 2577] wo 
lonsidered proldems in wliicli the i‘elation.s 
between the unknown (juantities, when ex- 
pressed {tioobraieally, gave rise to simple e«jua- 
tiojis. We come now to problems which give 
<|uadratie cipiations. Wa have seen that a 
quadratic must always have /»ro roots. Hence 
we often find, on solving the <juadratic which 
exprossc'N (he conditions of the problem, that 
one of the results obtained does not satisfy 
these conditions. For example, if .r, in onr 
equation, rcpreserits the ju'ice of a yaril of doth, 
and we lind from the quadratic that ~ 0 or - 7, 
it is clear that the value -7 mu.st be nqecled, 
since the cost could not be negative. 

Wc must, therefore, always examine whether 
botli of the routs satisfy the conditions of the 
cjuestion or not. 

Examjde 1. One side of a rectangle is .3 feet 
longer than the adjacent, side. 33ie area con- 
tains as many s<piare feet as the four sides 
contain linear feet. Find the lengths of the 
sides. 

Let X — number of feet in the .short side of 
the rectangle. 

33icn X 4 3 = number of fe(;t in long si<le. 

Hence the four sides together measure 
2 (a; 4 a; -4 3) feet, or 4.r 4 0 feet. 

The number of square feet in llie area is 
a; (a: 4 3). [See Art. 153 of Aritlimetic, j)age 
1442.] 

Hence wc liave the equation 

X (x 4 3) ~ 4ar 4 b ; 
or 

- a; - b - 0. 

Therefore, 

(x - 3) (x 4 2) “ 0, 

and 

X ~ 3 or - 2. 


But the length of a side cannot be negative, 
HO that x— 3 is the only value Avhich satishes 
the problem. 

Thus, tlic short side of the rectangle is 3 feet, 
and the long side is 3 4 3, or b feed. 

Example 2. A farmer sells 7 oxen and 12 
Cows for i:2.>0 ; he stdls .3 morti «»xi*n for ,4*.50 
than he does cows for £30. Find the price of 
each. 

Letx— ]»i‘ice of an ox, in £’s. 

33ien 250 — 7a: = piiio of 12 cow.s, i.e., tlu' 

r ■ 250- 7x 

price of a cow is . 

* 12 


Also, the number of oxen sfdd for £50 wouhl 

be and the number of cows for £30 would lie 
X 


30 


250- 7a; 
12 ’ 
Hence, 


.50 

X 

33iis equal ion, 


21.1-^ - 


.3r»o 

■’ 250 ~7.r‘ 

_ 31 ;o 

250 - 7 

(»n simplilicatioM, gives 
14b0.r I 12.500 0. 


33iertifore, 

(21.r-12.50) (x-lO) 0. 

\N3ience, 

X- 10 or .50.1 j. 

33ie ])rici^ of an ox could lluscdore apparenlly 
be either £J0 or £.50?, [. Hut in the latUu’ ease 
th(‘ farmer could not, .sell 7 oxen and 12 cows for 
£250, since the cosl of tin* oxen alone uould be 
gieater than this amount. 33iu.s a* * 10i,sthe 
<mly root of the e(jna(i<»n which safisMcs (he 
conditions of the ]>ro}>lem. \\\'. thmi have 
2.50 -7a: 250-70 . 

12 ~ 12 ” 


Hence, an ox costs £10 and a cow £J5. 
Example 3. h^'ind the price* of e;ggs ju r 
dozen wlien two more I'ggs for a shilling would 
low^er the ]u ice om^ ]>(‘nny a dozen. 

Ji<4 X pence juice* of om* dozen eggs. 3'heM 
1 2 

-- nnml)or of i ; for J<1 ; 


^ ^ ^ = number for 1 s. 

If tlierei were ^ i- 2 for a shilling, the cost 
.r 

12 

of one egg would he , ^ 4 — " j)euce. 33u*refore 


144 


4-2 


144 

(he price jier dozi'ii wouhl be j jieiice. 

X 

33iis is Id. lower than (he at lual juice. Hence 
M4 

-4- 1 - X . 


14! 


42 


This simplitii*s to x- - x - 72 — 0. 

Therefore, 

(x-9)U4 8)-0; 

so that 

X = 9 or - 8. 

The value - 8 is inadmis.sible. Hence the 
price of eggs is 9d. a dozen. 
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EXAMPLES 30 

1. Divide 30 into two parts, such that the 
sum of their squares is 458. 

2. 1’hc sum of tile reciju-otals <»f two c*oii- 

secutive numbers is Find the numbers. 

[Two <|iiantities are said t«» be reeijiroeals 
when their prnduet. is unity. Thus i is the 
leeiprocal of 7, since 7 X i — I. Expressed 

j'enerally, is the reciprocal oi .] 

3. A ]K;rsoii bought a certain number «>f 
yards of cloth for oOs. If the price |)er yanl 
had been lOd. less, lie would have u[<>t 3 yanls 
more ft>r the. same money. Find the number of 
yards he bou<»ht, ami the price per yard. 

4. A re(;tan<'ular Held is 15 yards Ioniser than 
it is broa<l, and the area is 0,750 s([uare yanls. 
What is its l(‘n<^th ^ 

5. A jourm*y of 200 miles would be made 
by a train in 10 minutes less if the speed were 
increased })y (nu^ mile an hour. Find the rate 
of the train. 

6. Find a jinqier fraction such th;d twice 
the denominator cxciaals tlie sipiare of the 
numerator hy 0, and the. pro<lucl of the sum 
and ditlineiice the numerator ami ilmiomina 
tor is 2ti4. 

7. A rectanjjfular Held eoutains IJ acres. If 
it were I L yards longer and 7 yards narrow m-, 
its area wouhl ho unaltered. Find its length 
and breadth. 

8. Find two consecutive numhers, the ditler- 
ence of whose cubes is 7*21. 

9. If the price is yaised ‘2s. i»er d«>/en, a 
person gets <> less of a certain article for a 
sovereign than he did at the bn'iner juice. 
What was the original ju ice ? 

10. One train travels 15 miles an hour faster 
than another, and takes 42 minutes less to do a 
journey of till miles. Find the sjieeds of the 
trains. 


Answers to Algebra 
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2. xK 


3. 1. 


1. 


4. 


1 

(•f - uf' 


5. 


6. 


X 

x~a 



1. X— 14. 

2 . 


Examples 26 

4. X = 

5. .r — - 


ah 

a + h 


3. a: 6. 

7. l*y simjdifying the fractions the given 
equation becomes 

4 (2!.r-8) _ (> (:Vr -2H) ^ 2r, (j: 4^^) 

3(r4-4) 2.r -(- 3 ‘2.i: f- .4 

Hy combining the t\Vo fractions with deiiomi- 
nattu- 2.1* I .*) w e gi t 

4 {21.r-S) __ 44.r-2r) ^ 

:V{x }- 4) 2.r 1-3 

Divide e.Hch numerator by its ileuominator ; 
then 

3tW H2 


28- 

Therefoie, 


\\ lu uce 
8 . —ubx. 


oo _ 

;(r4 4) 2.rl-3 


0. 


4 


1 

2.r 4- :■ 


3 (.. 4-4) 

Hx i 12 .3.r I 12. 

ii; = U. 


9. - 


1 

(rli {a — OY 


10 . 

Examples 27 


1 

‘aJi 


7± 4s!^i 

O 

7. 

X — 

:] or if. 

1 or-^. 

8. 

x = 

0 or 3. 

.‘1 or 5. 

9. 

X = 


2 or - 10. 

10. 

X — 

[} or -2. 

-J or-f. 

11. 

X — 

H.J or 1 

2u or 3o, 

12. 

X = 

2Jor-. 


2 . 

3. 

4. 

5. 

6 . 

13. X - (u f h) or (tt — />). 

14. .T=^ 1,-2, orb. 

15. .r ^ 2, -2, 3, or -3. 

16. The equation should road 

2r‘ 4- 4 8.r 4- 

The solution is 


Continued 


X— 2, - 2, or 
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The Hairdresser. Nature of the Work. Its Financial Aspect 
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HAIRDRESSERS 

Tn America the terra “ barber ” is universally 
adopted and gloried in, but in (beat Britain a 
certain amount of quite unjustified o])probriiim 
has gathered round the word of late years. For 
this reason, “ (Jentlemen’s Hairdr<"sser ” and 
‘‘ Haireutter ” fire now frequently preferred. 

The trade of the barber is one that is subject 
in some measure to abuse by its being adopted, 
wholly or partially, by outsiders who may chance 
to l)e handy with the razor. From the honour- 
able position of barber-surgeon of the time of 
Henry VTIJ., the barher trade sunk, in many 
cases, to the halfpenny shaver, of whom Richurd 
Arkwright, the ITeston barber of I7.T2, w'as om^ 
of several notable (^xam])les, although his great 
ahiliti<‘S raised him to title and faiiu* and fortune 
as an inventor. 'the halfpenny shaver is now 
practically non-existiait, but the penny shav(‘r is 
sf ill to be found in many places. M'h(^ organised 
efforts of the trade societies and federations 
are, however, establishing thre(‘-halfpenee as the 
minimum eharg('. 'The fneorporated <_JuiId of 
Hairdressers, ^Vigmakers, and Pcafumers (1, iVew 
bond Street, London, W., with hranehes at 
Brighton, Livirpool, Man<;hester, Dublin, Bir- 
mingham, (dasgow, Fdinhurgh, Al)er<leen, and 
N(‘W'eastl(‘) and the Hairdressers’ (fuild of the 
C’ity of London (40, (Jraecehureh Street, B.(\) 
are tw’o trade institutions whieh Imve adopted 
tw’openeo foi* shaving and foiupeiiee for hair- 
cutting as the minimum scale, they will recog- 
nise ill accepting eandidales for immihershi]). 

Apprenticeship. The system of appren- 
ticeship is still largely, although not universally, 
in force in the jirovinees, hut in London it has, 
to a great extent, dropped out. 'The rescue of 
tlie laisiness from the abuse of unqualified 
pe rsons would seem to lie; in a more rigid enfon-e;- 
ment of apprenlieeslii]), anel la nce the trade 
soeietic .3 are energetie;aily endeavouring to 
restore its general adoption. The Incorporated 
(Juild has declared its view (Oetolicr, 11104) that 
all youths coming into the business should 1 k^ 
indentured. The National Federation of Hair- 
dressers (Rosedale House, Mount Pleasant, 
Hilston, Staffs.) and flic Northern (.’oiintiVs 
Federation of Hairdressers (8, Hylands Street, 
Warrington), with a joint membership of over 
2,0(K), may be taken as representative of th<; 
great barber opinion of the Kingdom, and both — 
as also the Incorporated Guild — have set forms 
of apprenticeship for the use of their merahers. 

The term of indenture varies, 'llie seven years 
system is now ignored, three years being the 
usual period, extended in some instances to four 
and five, a premium be paid (usually £10) 
the youth receives in wages, taking a three 
years’ apprenticeship, 2s. Od. weekly for the 


first year, 5s. for the se<*ond, and 7s. Od. for the 
third, w'itli food and lodging. In the ahsimce 
of a premium, the i>ayments are 2s., 4s., and 
Os. respectively. VVhere no apprentie(‘ship is 
served, hoys enter tlu' sho])s as latherors at 2s. Od. 
wiH^kly, for service on four evimings of th<; W'e(*k, 
Saturday night, and in some cases Sunday 
morning, receiving meals during tht; pi'iiods of 
employment. 'Hie a]>pn‘nticeship takes the 
form, in some instances, of a mutual verlial 
agremnenf. At the end of his t<‘rm the hoy goes 
as an improv<‘r at 10s. to I2s. indoors, and £I 
to 22s. outdoors. The legal decisions as fo 
barber a])})r(‘ntiees seem to slunv that tin* Goiirts 
will defend the actual teaching of the trade, and 
not the ns(* of the hoy for domestic or menial 
duties. Th(‘ ap]>r(‘ntie(; gains an advantage 
here over the nu ri^ lathcrer. 

Assistants. .\ young man r(‘ally (‘flicient 
in his trade and persevering lias, of eourst*, 
the country open to liim. 'Phe villagi* or hamlet 
apprentice may migrate to a small town ; the 
smalltown man may venture to alargtTand l»usier 
locality, or to a sc^aside resort “ for the K(‘asf)n, ’ 
or to London. A good genfliuimn's hand may 
reasonably calculati^ on a w'cekly wage; of frotn 
25s, to 28s., and commission and perquisites. 
In the smaller and humbler saloon, th(‘ amount 
of the commission is naturally less than in flu* 
lietter grade sboj), as the opjiortunities for jaish- 
ing extras and sales an' ])ro])orti()n<itcly fiwv(T 
and less remunerative indivirlually. A common 
system is for an assistant to re(‘(‘ivo a ptweentage 
of om‘ ])enny in the shilling on all he tak(‘s, 
iiwluding sales. In other cases the cinjiloyer 
w ill pay a halfpenny on eac h singe and shampoo, 
and a jK*nny in the shilling on sal<*s. The pc*r- 
(|uisitc‘S, or ti]»s " from eustonu'rs, arc; too 
varic'd and litful for dc'finite cpiotation, hut may 
be* c*stimalc‘d at a wec'kly avcaagc' of 5s. in tlu^ 
smaller saloon, to 15s. in good class sh()f>s. and 
ratlic'r more; in Stock Exchange and West End 
saloons. The* hours workc;d arc not oftc-n less 
than 12 per day, anci 14 or 15 on Saturday. 
Sunday work is not gcmcwal, but it has to he 
reckoiual with, and wiicao shcqis are opem, the 
Imsinc'ss hours arc* usually from 9 a.m. until 
one o'clock. Assistants arc; rcajuirc‘d to sup]>ly 
t heir own tools- razeu's, razor strofis, sei.ssors, c*tc. 

The Modest Beginning. In the c;ase of a 

steady and as})iring jc)uruc;yman barher, there 
is good op])ortunity for a start in business. Tlie 
amount of capital rc‘quired will necessarily depend 
on the class of estahlishnic»nt to he; openc;d. A 
irioclc‘st harbeVs shop, pure.; and simple, may be 
attempted with about £25, and in tliis case the 
usual charges for attendance arc; 1 .Jd. for shaving 
and 3d. for haircutting. Only rude saloon 
fittings would he requisite, and prac tically no 
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Block, the sale trade l)eing small. After paying 
a lather hoy or apprentice, rent, and other 
attendant exi)enses, a plain l)arbcr would exj)cct 
to derive a net income for himself of £2 or 
£2 lOs. f)or week. The work is hard and the hours 
long. (!hoap labour is em]>loyed, young men 
often being taken who wish to pick up the rudi- 
ments of the trade without serving an apprentice- 
ship. 

A Bettercclass Business. For a saloon 
in which 2d. and 4d. are to be the prices in 
vogue, the ea])ital necessary would be from 
.£r)0 to £75. 'Hie premises would 1 k‘ bigger, the 
fittings rather more elaborate, and some outlay 
would be involved (say, £5) in the purchase 
of stock for dis|)hjy in the show eases attached 
to the walls of the saloon. Taking a three-chair 
shop, the provision of basins, with hot and cold 
water supply, mirix)rs and show eases would cost 
in material and tlie necessary plumbing from 
£25 to £40, aeeording to the nature of the pre- 
mises. A machine l>riish, which is now generally 
looked for by the ])ul)lic, althougli for sanitary 
reasons viewed with h‘ss favour by the trade 
itself, needs a furth(‘r £12 or £15, and £5 must 
bo devoted to shaving and haircut ling chairs 
and sett(‘cs. Other rctpiisitcs, hesides the smaller 
appliances, are a hot- water urn (costing about 
£1), and towels and cloths. A margin would, 
in addition, have to he set aside for j)roper 
decoration of the saloon. In a shop of tliis 
de8crif)tion the assistants Avould be paid from 
12s. Od. to 1 5s. indoors, and 2Us. to 25s. outdoors. 
Brilliantine, liair brnslies and combs, razors, 
soap, strops, collar studs, and niek-naeks eon- 
stitutc the sale goods, on wliieh a profit of from 
25 to 33 J per cent, is realised. 'Phe surplus, 
after the payiiient of one or two assistants, 
according to the volume of business, and the 
general (expenses, averages about £3 per ^^eek. 

Sale Shop. Tf a sale shop is to be opened 
in conjunction with the saloon, the capital 
required would he hetwi’cn £75 and £100, to 
cover additional fittings and increased stock. 
Ladies’ liair nets, curlers, fancy combs, hair 
frames and pads, cheap perfumes, lotions, 
cosmetics, toilet goods, and walking sticks aixi 
amongst the goods sold, and they yield an all- 
round profit of about 33^ per cent. 

TIjc shampoo range illustrated in 2 is in rouge 
royal marble, with oak framework. Its length 
is 9 ft. 0 in., and its cost, complete with acces- 
sories, £50. 

Many barbers’ establishments in superior 
localities are much hirgi'i* and of higher grade, 
both in the style and system of titting-u]>, and 
nl'O in the attendance given. Their projH'r 
equipment and up-k(*ep require proportionately 
increased capital. The charges in such saloons 
are 3d. for shaving and 6d. for haircutting. 

Several supplemental trades are often allied 
to the barber-shop, notably the sale of tobacco, 
the sale and repairing of umbrellas and walking- 
sticks, new’s agency, and toys. In the case of 
umbrella repairing especially a lucrative con- 
nection is often obtained, the margin of profit 
being good. 
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Saloon Sanitation. This question has 
occupied the attention of the public, of the trade, 
and of municipal authorities during the past 
two years or more. The matter will probably 
demand further handling, and its effect on the 
barber of all grades will then be important. The 
question of scientific sanitation of saloons was 
brought to a climax in Loudon in 1903 by the 
prodii(.*tion of a code of regulations and recom- 
mendations — at first by Dr. (k)lliiigridgo. Medical 
()fliet;r of Health to the Corporation of the City of 
London, and soon afterwards joined by the 
Incorporated (Jiiild of Hairdressers, already 
referred to. What the financial boai’ing of this 
agitation may ultimately be upon the fittings 
and up-keep of barbers’ saloons and upon tho 
ehargc.s foi* service whi(4i they may find it neces- 
sary to levy cannot now be stated, seeing that 
for the present barbers may voluntarily register 
under this code, or may reject it, or adopt any 
portion of it as they personally desire. The City 
of London (iuLld of Hairdressers (inaugurated on 
March Sth, 1905) does not see its way to register 
under l>r. Collingridge’s regulations, although it 
has adopt (‘d a code very similar in all essentials. 

4’he Nalioual Federation of Hairdressers 
also formulated a sanitation code, wliich it 
preferred to that of the Incorporated Cuild and 
the Corporation of the (Uty of London. Tlu‘ 
ideas of each of thesis s(‘eti()ns of the trade, may 
be gathered from the following : 

JtKori.ATroNS TMK 1 N'Cn KPO K XTljO CiCILD 

ANL> CoaroKATION OF LONDON. 

(1) All sliolvcs, linings, and tnhles on W'hich 
insfniiiHMits nre placed lo he of gliis.s, marble, slate, 
or ofher similar matc'ri.d. 

(2) Clean towels, etc., to he ns(‘d for each customer, 
and n fresh piece of paper or clean linen to be plaoecl 
on the hack of chair or head-ri'st. 

(3) No general powder ])nlYs to he u.sed, and 
])Owd(‘r pidveri/.cTs or cotton wool to be substituted. 
No sponges to he used. 

( I) .All hair-eli|)pers, razor.s, s<‘issors, combs or 
other tools, after us*, to he |)laeed in a disinfecting 
sf)lution. 

(a) Ra/.or.s to he wiped on paper. 

(<>) perfectly elenri hair hru.sh('s only must he u.sed. 

(7) Sluiving brushes after use* to bo placed in a 
disinfecting solution. 

(8) Li<piid or pow'diTcd soap or shaving cream 
only to he used. 

(D) CXit hair falling cm the tloor to be immediately 
sw'e])t up and i‘emf)ved, and floors to be ekiansed daily. 

(lU) N«> gi'ueral alum <*rystals or blocks to he 
used Hs a styptic; >»ut a ii(|uid or poAvder a])plieil 
oil a towel or i*otff)n wa)ol, or by a spray. 

(II) q'he mo.st serupulous eleanlinoss to be 
observed in all that pertains to tlie hiisines.s. 

K Kf 'f )MM KN D A TI O NS. 

{a) Regular crust omers and sub.seribers .slioukl 
he strongly reeommended to provide their own 
toilet artieles, razors, brualioa, etc., which would be 
exelusively reserved for the owner’s use. 

(t) All out hair and paper to bo burned. 

(r) No customer apparently suffering from any 
skin or hair affection to be attended to, save at his 
own house or offices, or in a private room. 

(d) Charges should, if necessary, be remodelled 
to enable hairdressers, ete., not only to comply with 
the letter, but the spirit of the above, without los.s. 

(r) The operator to wear a clean white garment 
without pockets, sleeves fitting close to wrists, and to 
wash his hands before attending to each customer. 
if) Metal combs to be used. 

(^ 7 ) Machine or rotary brushes should be disi'nrded. 
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Code of the National Federation of 
Hairdressers. This is designed to deal 
with the structure of saloons as distinct from 
the internal conduct of the business, with which 
the Federation claims there is no need to inter- 
fere. The regulations are : 

(1) Hoforo any sliop (wi cuirry on tlio business 
of a barber or huirdr. ssor the places to be inspitctod 
and found to comply with the following : 

(2) No room shall bo deemed suitable where any 
household and domestn^ duties have to b* carried 
on, or to he used as a sleeping a{)artment. 

(3) All Saloons to he adequately ventilated, and 
in solisfaclory sanilary conditi(»n. 

The probability is that tlie (luild and Federa- 
tion will agree on a joint code embodying the 
main regulations put forward by each institu- 
tion. 

American Practice. The practice of 
tho American barber differs widely from that of 
his oonfrtu'o in the Old ( ’oim try. 1 n On^at Bri tain 
shaving is only a diurnal or tri-weekly t,oiIet 
necessary, which is reduced to a simple and 
quick p r o (5 c s 8 . In 
America the shave and 
its appurttmances are 
developed into aiKdnbo- 
rato luxury, including 
face massage, scalp fi k;- 
tions, sumptuous sprays 
and shampoos, hot- 
towel packings, etc., so 
that a man who (um 
afford it may spemd 
hoiirs in a barber’s 
saloon, and pay a great 
deal for the service. 

The cheapest shave for 
a workman costs 5 cents 
(2.id.) in the States, and 
occupies about 10 min- 
utes. In a low-pri<H^ 

English saloon 12 shaves 
per hour is tho rule, and 
not more than 10 min- 
utes is devoted to hair- 
cutting. As the Ameri- 
can barber does not sell 
goods he has no shop front, but his saloon 
is always elaborately fitted and equipped, and 
as to meet this competition no man atU>mpt9 
to begin business for himself with less capital 
than £100, Ihe small establishment is far less 
in ovidonco in America than in tho United King- 
dom. Moreover, tho more elaborate attendanco 
in tho States begets better workmen, who 
qualify by apprenticeship and examination. 
The American assistant is paid a commission 
after ho has earned a certain amount -often 
60 per cent, of his takings over his wago of 10 
dollars in the lower grade shops to 15 dollars 
in the better-class establishment. A typical 
American barber’s chair is illustrated in 1. 

Hairdressing. “Hairdresser” is often in 
its application to different tradesmen a vari- 
able and variously construed term. There is 
some ground for the contention that a person 
who cuts and arranges a gentleman’s hair has 
squal right to tho title of hairdresser as he who 
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confines himself to tho more artistic and intricate 
manipulation of a lady’s tresses. And, in point 
of fact, tho description is frequently adopted 
by tho shopkeept^r who Jays no claim to any 
ability in the art of coiffure creation. 

But hairdressing in the sense of artistic ladies* 
coiffures has long been a dcpartmiuit distinct 
from gentlemen’s work so far as the trades 
themselves understand the words. Of later years 
this differentiation has become more pronounced, 
and tho terms “ Court Hairdresser ” and 
“ Coiffeur do Dames,” w'hieh are groAving general, 
certainly carry conviction of the essential 
distinction. 

Hairdressing as an Art. Tho arrang- 
ing of the trosKcs of the living model, and 
the selection and adjustment of the postieho, or 
artificial hair, lUH^cssary and suitable to a 
parthuilar style of lu^ad dri‘ss, repn^seni tho hair- 
dresser in his finished slab* as a skilled worker. 
The building up of a lady’s hair to conform t/O a 
fashion, to suit certain specified millin- 
ery, or to m(H*t a proscrilM'd require- 
ment, demands a good deal of exp(?rt 
labour. But “ fashion is often the enemy 
of good taste,” and tlien^fore artistic 
ability and a crocative adaptability on 
the part of a ladies’ hairdresser stamp 
him as an artist as w'cll as a skilled 
worker. 

A hairdresser should bo able, by a 
glance at the face and figures and tho 
nature and (piantity of hair available, 
to decide th(‘ style and proportions of 
tlio coiffure that is most 
suitable. Hence, tho 
ne(*cssity for a study of 
physiognomical jiropor- 
tions. One face is severo 
and angular, and tho 
hairdresser must si^ek to 
tone it down gracefully ; 
another face is insipid, 
and ho has to tone it 
up to express character. 
Olio head is symmetry 
itself, and may be dressed juoportionately ; 
another has a bunq) here or a depres- 
sion there which calls for skilful rectilieation. 
This low forehead must be made to look higher, 
and that lofty forehead must lie softly subdued. 
In short, the oval contour of face and head, and 
the even gra(;e of proportion whicli wo call 
“beauty” constitute the model with which 
all coiffeurs must aim to conform. 

Other Important Departments. 
Again, a ladies’ liairdres.sor is expected — and, 
indeed, must know — how to cut, singe, shampoo, 
and dye ladies’ hair. He must also bo competent 
in the essential and lucrative section of the trade 
ttichnically called hoardnxyrk. This covers the 
preparation of tho tails or switches of hair, curls, 
fringes, and liead-coverings (known as Irans- 
fonruUiorui), with w^hich ladies often n(;ed to 
supplement their natural hair. A temporary 
trouble or illness, or other cause, may result in 
a lady’s hair falling out ; or she may naturally 
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possess but scanty locks ; or to conform to a 
fashion, or prepare for a set function, she may 
require added curls, loops, fringe, or other arti- 
ficial additions ; and in some covses, either for 
temporary or general use, a partial or entinj 
“ transformation ” may be required. Those come 
within the designation of board work and 
poatiohe dressing, and the hairdresser should bo 
able to sugge.st, take ordc*rs for, and prepare 
what is suitable and rcnpiisite. It sliouUl be 
understood, too, that a partial head-covering 
(technically known as a "" sealjxdUi ”), or a 
complete wig, for a gentleman's use, come within 
ihp category of boardwork. 

The Acquirement of Proficiency. 
In England, apprenticeship to ladies’ hair- 
dressing alone is ])raeti(;ally unknown, although 
many of the best- known and most successful 
hairdressers, wluui tluy are ((uite proficient, 
abandon the othtu’ branches, and devote them- 
selvtis wholly to fashionable hairdressing as 
spe(;iaUst.s. The rudinu^nts and groundwork, 
however, are gain(ul during approntieeship, 
which lasts fr)r Ihret; to live years. Jf it be agreed 
that th<^ apprentice shall hav'<i special atUmtion 
dt'-voted to his training and practice in ladi(\s’ 
hairdrci^Kiiig - the most difliciiJt branch -- a pre- 
mium of from £10 to £20 is paid. A youth is 
often taken without premium into a general 
hairdn'ssing establishnumt — t.r., a shot) catering 
for both gcntkuncn’s and ladies’ aittMulance — 
for a term of from three to five years, and he is 
taught gentlemen’s work, boardwork, and plain 
ladies’ work, <bo latt(;r covering the cutting, 
singeing, and shampooing of ladi<*s’ hair. The 
wage paid varies — 5s., 10s., 15s., and £1 per week 
outdoors, irrespective of whether a premium 
is paid or not, and the amount of it. WIktc 
there is no premium the youth is ex])ect<Kl to 
do more general work. To t‘xt,end his know- 
kxlgc and perfect t him}jt^lf as a ladies’ eoilTeur, ho 
has afU^rwards to attend the several technical 
academics which exist for this special object. 

The three teaching academies in Ijondon are : 

l^a Societe du Progri^s do la Coiffure, 5, Lislo 
Street, Liucestcr Square, W.C. Annual sub- 
scription, 7s. Od., with 7s. (5d. per annum extra 
for the “ advanced cla.ss.” 

L' Academic Internationale dt? Coiffure, b. 
Swallow Street, Piccadilly, W. Annual sub- 
scription, 5s., with a further 10s. 6d. per annum 
for tlui “ advanced cla.ss.” 

International Hairdressers’ Society, the Horse 
Shoe Hotel, Tott/cnham ( Jourt Koad, W. Annual 
subscription, 7s. bd., with JOs. bd. per annum 
for the advanced class. 

Apart from London there are similar hair- 
dressing atutdeniies at Brighton, Bristol, Liver- 
pool, Manchester, Ncw^castle-on-Tyne, Edin- 
burgh, Glasgow, Aberdeen, Dublin, and Belfast. 
Of recent years efforts made to obtain the in- 
clusion of hairdressing among the trades aided 
by educational authorities have lM>en successful 
in London, Manchester, Glasgow, Dublin, Belfast, 
and Idverpooi. 

Profiei^Mvy in ladies’ hairdressing is also 
acquired by private tuition and practir.e, apart 
from the work tlonc in the shops. A fee of 5s. 
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per lesson is charged by well-known exponents. 
It is the exception to find a really expert ladies* 
hairdresser under the ago of 24 years. 

Hair and Scalp Diseases. This survey 
of the educational aspect would be incomplete 
without a reference to the treatment of com- 
plaints affecting the hair and scalp. Very many 
hairdressers are consulted by both their lady 
and gentlemen clientele as to troubles resulting 
in loss of hair, and the necessity for reliable 
study and exfM*ri(Mice in this section of the 
hairdresser’s calling is daily becoming more 
pronounced. The College for Diseases of the 
Hair, lb. Brook St reet, New Bond Street, London, 
W., was founded in 1902, and under the guidance 
of a skilled lecturer and a board of examiners 
constituted of members of the medical profession, 
its members arc instructed and examined in hair 
and scalp complaints and tliinr treatment. The 
curriculum is comprehensiv^c, and tlu^ nature of 
the examination j)apers calls for consid(‘ral)le 
knowledge and study if the (college degrees are 
to be obtained. Assistants joining the college 
have to pay lOs. Od. per annum, and master- 
men, ‘21s. The college has a toclmical library 
and laboratory. 

Assistants and their Remuneration. 

A hairdresser’s assistant, with fair, all- 
round ability — what is knowm as a “ general 
hand ” — reecuvt^s a weekly wage of about 35s. 
One more skilful, but still not a specialist, com- 
mands about £2 a week. The “ ladi(‘s' hand ” 
puns and simple— and he has to be export or he 
cannot be retained for this department of 
attendance alone — reeeivf‘s £2 2s., £2 5s., and 
£2 10s. per week, (’ommission is paid in all cases 
to ladi(»’ hairdressei’s on their sales, and in most 
instances on the gross attiaidarujo takings also. 
It is an invariable custom to pay commission on 
singeing, shampooing, and dyeing. An asvsistant 
receiving 35s. in wages would expert to “ make ” 
at least 7 k. bd. per week in commission on 
attendance and sak^s. The liigher-paid assistant 
would similarly augment his wage by an average 
of from 12s. to 15s., or more in some cases, per 
week. Ladies’ hands also accept gratuit ies, 
are expected to amount to as much as the com- 
mission. Assistants often rec(‘ive the w hole of the 
charge made to a eust.omor w'ho i.s attended to on 
Sunday, and half the sum if an order is taken 
at a shop and the attendance is -given later 
than the recognised shop hours. 

Female Hairdressers. Lady hair- 
dressers are usually apprenticed for three years, 
and £10 is the premium when paid. The wage 
during apprenticeship varies. Where there is 
no premium, it is about 58., 7s. bd., and 12s. bd. 
per week outdoors (tea is usually provided) for 
the first, second, and thirtl year respectively. 
The apprentice should be taught boardwork, 
knotting, weaving, mounting, and, usually, 
counter work (shop sales). Her help in the 
shop and at boardwork is looked for as a set-off 
to the absence of any initial payment by way 
of premium. As an assistant, the wage of a 
lady hairdresser woidd average about 278. per 
w'eek, with commission (58. or more) extra. The 
working hours of both male and female assistants 
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are usually from 9 a.m. until 8 p.m. There is a 
demand for lady hands in the boardwork depart- 
ment (apart from saloon attendance) as knot tors, 
mounters, weavers, etc. Those willing to help 
in the shop in addition to doing boardwork easily 
obtain £1 per week when commencing, and more 
as they progress in ability and cxix'rienco. A 
good many start in this way as lady hairdressers. 

Beginning Business. In calculating the 
approximate cost of equipping an estalilishmcnt, 
a clear distinction must l)C made iK^twecn the 
shopkeeper who intends to run a “ mixed 
business (for both ladies and gcntlcrncm), and 
he wlio aims at confining himself exclusively to 
the requirements and custom of ladies. Out 
of London, shops in 
the latter category 
arc not often met 
with, but there is 
now a tendency 
both in and out of 
the metropolis, in 
certain districts, 
towards specialisa- 
tion in this way. 

The beginning of 
a moderately-sized 
business for ladies 
should be accom- 
plished with an 
initial outlay of 
about £75 to £85. 

This estimate would 
apj)ly to a business 
tliat is to be doiui 
on a floor above 
another establish- 
ment. It is cus- 
tomary in this class 
of concern for the 
beginner to start with some personal connection. 
The main fittings fur one salf)on w^ould include a 
lavatory basin, with hot and cold water supply 
which would suffice for the requirements of two 
workmen for shampooing, two or throe dressing 
tables with mirrors, two hair dryers, three 
curling iron fixtures, one child’s haircutting chair, 
three easy-cliairs, one lounge, three dresung 
chairs, two ordinary chairs, linoleum and rugs 
for the floor,, plumbing and gastitting, hot water 
arrangements, etc., with show cases, including 
a couple of wax figures, and slock. 

Fittings. When a shop with a saloon at the 
back or upstairs is taken, and window fittings, 
shop cases, eU\, have to be provided, the necessary 


£200. Amongst the loading items of ex])endi- 
turo would be ; shop window fittings, about £20 ; 
counter, £5 ; shamp(x> basins for two chairs, 
including mirrors, £10 ; dressing table, with 
mirrors, £5 5 h. ; three ladies’ hairdressing chairs, 
£l 10s. each ; two ordinary l)cntwood iliairs, 
15s. each ; settee, at £l imu’ foot, say, £() ; one 
or two hairdryers, £11 I Os. each ; two wax figures, 
£C 6s. each ; curling stov<‘S, 8h. fid. cadi : hot 
and cold water fittings, with (astern and boiler, 
say, £10 to £12 ; waste pipes and plumbers’ work 
in fixing above, say, £.‘l to £5 ; show cases for 
goods, say three at £5 each ; linoleum and mats 
for floors, shop, saloon, and staircases, about 
£0. Smaller lines would be: linen (towels 
and gowns), hair 
brushes and combs, 
curling irons, et(\, 
about IS. In addi- 
tion, £50 or so 
would be niHXJSsary 
for the purchase of 
a stock (^f hair, 
perfumery, toilet 
articles, and the 
usual trade sun- 
dri(‘s. 

If what is gene- 
rally termed a 
“ hairdnrssing busi- 
ness ” is to be 
star ted— t.e., for 
ladi('s’ hairdnissing, 
cutting, singeing, 
a n (1 shampooing, 
with a g(‘ntlcman’H 
saloon atiaerhed — 
the fittings and 
of her ne(a‘SsaTies for 
both rooms, with 
shopfront, would need a capital of, approximately, 
£200 to £250 for a small but d(^ccnt av(^rag(j 
cstabli.Hlunent. 'Pho additional fittings for the 
gentlemen’s saloon would include a hairbrushing 
machine for two chairs, with set of brushes 
about £12 12s. ; shampooing stands, £3 10s. 
each; saloon chairs, H(iy, £4 lOs.; mirrors, cte 
Obviously, the beginn(T must exer<;is(». care in 
selecting, for the jmrticular class (^f business ho 
c()ntem])lates ojxuiing, a neighbourhood which 
embraces the right sort of clientele. It is ap- 
parent, for instance, that a business confined 
to ladit^s’ attendance would be misplaced, and 
doom(xl to failure, if comm(mc(xl, say, in a purtily 
commercial district in whi(!li the lady residents 
arc few, or not of the rtHpiin^d social jiosition. 


capital would be at least doubled— say £150 to 

Continued 
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at least two years underground in a coal-mine, 
llie examination scheme is simple, but includes 
theoretical and practical acquaintance with coal 
mines and mining, and a knowledge of motatli- 
forous mines. On appointment as assistant 
inspector an officer receives £300 a year, rising to 
£400. There is a good prospect of an inspectorship 
at £600 to £800 a year, and a considerable pro- 
portion of posts in eitlier grade carry extra 
allowances not exceeding £100. 

The Prison Service. The control of the 
English local and convict prisons is vested in the 
Prison Commission, a special depart.ment of the 
Home Office. For admission to this service 
the Homo Secretary’s nomination is imperative. 
It is readily accorded to .suitable candidates, and 
should be sought by means of a printed form of 
application to be obtained from the Prison Com- 
missioners, Homo Office, S.W. 

For prison clerksliips the agti limits prescribed 
are 18 and 22, but clerk warders are eligible until 
30. Vacancies are filled by competitive examina- 
tions in the ordinary English subjects, Ijook- 
keeping, indexing, and digesting returns into 
summaries. These officers are liable U) serve at 
any }>rison in England and Wales. Tluiir pay 
starts at £70, and rises to £300 a year, 
beyond which latter sum there ar(5 scanty 
prospects. 

Warders and Matrons. Candidait's for 
subotdinatc positions in the English prison service 
arc selected after piissing an educational test of 
an elementary character. For the post of as- 
sistant warder or male nurse in a local prison, 
and for that of attendant in a State incbriat»e 
reformatory, the examination is in writing 
(including copying manuscript and spelling) and 
arithmetic (first four rules, money, and avoirdu- 
pois weight). The civil guard of convict prisons, 
and matrons and a.ssistant matrons in all penal 
establishments are examined only in reading, 
>vriting and arithmeti<! (simple additifm and 
subtraction). The holders of second class Army 
certificates are exempted from th(;se U;sts. The 
limits of age arc — for male candidates, 24 and 
42 ; and for women, 23 and 40. Applicants of 
either sex must he healthy, well-developed, and 
active, of strictly sober and temperate habits, 
and of unquestionable charaeUT. 

The minimum stature for the male staff is 
5 ft. 7 in., except for trained nurses, who are 
admissible if 5 ft. 5 in. in height. Men who 
have served -in the Army or Navy are readily 
accepted, provided their record is good. They 
must have obtained either “ Exemplary ” or 
“ Ver> Good ” characters on discharge, and 
it is officially stated that “ one entry for drunk- 
enness during the last six years of their service, 
and more than one such entry during any earlier 
service,” disqualifies them from receiving an 
appointment. Those discharged as non-com- 
missioned or petty officers are preferred for the 
local prisons and inebriate reformatories ; and 
preference is often given to applicants with a 
good knowledge of some useful trade which 
mey can teach if required. 

Selected candidates are appointed for a year 
on probation, during the first four months of 


which term they undergo instruction in their 
duties, usually at a prison where there is a 
training school for officers. 

The numbers and rates of pay of male and 
female warders (or matrons) <ire shown in the 
following table. In addition to the salaries 
there given, those officials are entitled to free 
quarters — or an allowant^e instead -uniform, 
and medical afcteiiflance : 


r PRISON WARDERS, 

ENGLAND AND WALES 




Mack. 

Fkmai.k. 


Okauk. 



— 

— 



No. 

I’ay. 

No. 

Pay 


A. In Local Prisons : 


£ 


£ 


Oliicf Warders 


OS to l.'VO 

3 

1(K) to 

120 

PrinoijMil Wiinkrs 


sr> „ o;i 

10 

70 „ 

80 

W^urflers 


70 7H 

113 

r>r> 

70 

Assistant Wanlirs 

S47 

or) ,, OS 

234 

43 „ 

r)0 

It. In Convict Prisons: 






Warders . . 

r> 

llf» to lOf) 

1 

or> to 

143 

I’riiifipal Wardtrs 

CO 

o:i „ jo.'i 

4 

70 „ 

8.3 

Wardi^rs 

iits 

8.T „ JK) 

r, 

60 „ 

7.3 

Asaistajib Warders 

4J7 

40 ,, 83 

16 

fiO „ 

6.3 


Similar conditions of employment prevail in 
the prison servicers of Scotland and Ireland, 
but with differing limits of ago. Detailed in- 
formation concerning thest; can bo had on 
application respectively to the Prisons Com- 
mission, Edinburgh, and the Prisons Hoard, 
the Castle, Dublin. 

ClerKs in the High Court. To 

aspirants who are d(d>arred by their training 
from first-class appointments, clerkships in the 
Royal Courts of Justice should offer considerable 
attractions. The dutiivs are light, the salaries 
fairly good, and the prospccds excellent ; while 
the staff is so large that from 20 to 30 vacancii^s 
arise every yc'-ar. Yet, for some unexplained 
reason, t.hose posts attract bnt little notice — 
probably owing to the natural but mistaken 
idea that some legal knowledge; is n^qui.sito for 
an appointment. As a fa(;t, candidates who 
secure a nomination for a third-class clerkship — 
the grade in which appointments are g(;nerally 
made — have only to {mss a non-competitive 
t<?8t* in copying manuscript, indexing, and 
digesting returns, in addition to ordinary 
English subjects. The .right of nomination is 
vested in the Lord Chawiccllor, and to a lesser 
extent in the Lord C'hief Justice, the Master 
of the Rolls, and the President of the Probate 
Division. Persons seeking the Lord Chancellor’s 
nomination should apply to his private sccretarv 
at the House of J^rds, stating their age (which 
must be between 20 and 30) and their qualifi- 
cations for jiti appointment, and imclosing 
copii^j of testimonials. From among such 
applicants a selection is made when a vacancy 
occurs. 

Third-class clerks in the High Court start 
at £100 a year, advancing by £10 yearly to £200. 
On entering the second class they receive £250, 
with £15 increments to £400 ; and salaries in 
the first class progress by £20 from £500 to 
£600. The proportion of these 8ui)erior posts 
is high, and there are chances of still further 
advancement. 
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Museum Appointments, Unlike the 
majority of Civil Service departments, which 
have little save clerical work to oiler, the State 
musinims afford thoroughly congenial employ- 
ment to the student of letters, art or science. 
This incentive, rather than the salaries paid, 
attracts to the British and the Victoria and Albert 
Museums men of an unusually high level of 
attainments, many of whom ai*c real scientists 
or scholars. 

Vacancies in this stn-viee are filled by limited 
competition, (’andidatc's for assist ant ships in 
the Victoria and Albert Museum are nominated 
by the President of the Board of Kducation, 
whilst tho.se s(‘(‘ki ng a post in the world-famous 
institution at Bloomsbury must obtain a likes 
favour from one of its principal trustees — 
namely, the Lord Chancellor, the 
Archbi.shop of Canterbury, or the 
Spcak(*r of the House of Commons. 

The ago limits are, in the first 
case, 18 and 25 ; and in the othe^r, 20 
and 25. 

For the British MiLseum, which 
has by far the larger stall, the ex- 
amination seheim^ varies with the 
particular requirements of every 
section, English composition being 
the only “ Constant..'’ In the science 
departments the competition rests 
mainly on practical and written 
tests in zoology, botany, geology, or 
mineralogy, according to the post in view. For 
some branches Greek, I>atin, French, and German 
arc prescribed, in addition to a difficult anti- 
quarian, technical, or art subject. Others 
exact two of the above languages supplemented 
by an Oriental tongue. 

Candidates wlio pass this trying ordeal arc 
appointed at £150 a year, rising to £500, witli 
(diance^s of eventually controlling a department 
of the British Museum at a maximum salary 
of £800, or of holding deputy rank at £050. 
Having regard to tlmir acquirements, these 
figures can hardly be regarded a.s adequate. 

The standard for entrance to tlie Victoria 
and Albert. Museum is a little less severe, but 
includes two languages, drawing, and eitiier an 
art subject or several natural sckmccs. These 
assistants are lc.ss liberally paid than their 
coIk?ague.s at Bloorn.sbury, starting with £120 
and having to reach the grade of iissistant-keeper 
before rising to £500. 

Patent Office Examiners. The 

valuable post of assistant examiner in the 
Patent Office is readily accessible to any student 
between 20 and 25 years of age who poss«38se.s 
a thorough tlieorctical and practical knowledge 
of the physical and mc(;hanical sciences. The 
work of these officers c?onsists in examining and 
indexing the specifications and other documents 
submitted to the Patent Office by persons who 
are seeking patent right^s. They are paid £150 
a year on appointment, and receive a £15 incre- 
ment yearly up to the substantial income of 
£450. Ther»". are aPo good chances of promotion 
to the grades of depufy-examinor and examiner, 
with maxima of £550 and £700 respectively. 
3302 


Assistant-examiners are appointed on the 
results of open competitions, held at intervals 
of about a year, for a considerable number of 
Tueancies — ^usually from 12 to' twice that 
number. The examination foe is £5. At 
the.se contests no subjects are obligatory, but 
a candidate who fail(^ to score fair marks — 
in each of the science |>apers at least — would 
have no ch.ance of success. The scope of the 
exaiiiination is indicrated by our table of marks, 
which relates to a competition among 109 
aspirants for 20 placu^s. It should be added 
that the chemistry required is t^hiefly inorganic, 
that the physics includes hydro, statics, heat, 
light, and sound, and that in these subjects 
and in electricity and magneti.sm there is a 
practical examination. 


Examiners in the Audit Office. 

As was mentioned in the last section, vacancies 
among the examiners in the Exchequer and 
Audit Office are filled by mean.s of the joint 
open competitions which serve also to recruit 
certain junior appointments in tlie Admiralty 
and the War Office. The subjects of examina- 
tion and limits of age are identical for all these 
posts, and will be found on pages 3195-6. The 
same scale of salaries is also prescribed — naniolj'’, 
£100 a year for the probationary period of two 
years, and thence by £10 yearly to £200 and by 
£15 to £350. Although the examining staff 
of the Exchequer and Audit Office have some 
prospect of reaching £500 or more, there are 
relatively few superior posts. Nevertheless, 
appointments of this cla.ss are greatly preferable 
to the Second Division or Excise. 'They are 
not very keenly contested, a recent examination 
for six places attracting only 38 competitors. 

Examiners are liable to serve at any station 
at home or abroad where the audit of Govern- 
ment accounts is carried on ; and the chance of a 
transfer for several years to Portsmouth, Ply- 
mouth, or elsewhere, is usually welcomed as a 
relief from the tedium of London duty. Foreign 
billets offer the further attraction of special 
pay and allowances, and are popular with the 
staff. 

The Office of Woods. The open 
competitions occasionally held for second class 
clerkships in. the Office of Woods offer an 
assured prospect of at least £400 a year to can- 
didates who are declared successful. Only 
those persons are eligible who have had three 
years* experience in a solicitor’s office, and whose 
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age is between 10 and 23. Tlie examination 
inoludos the usual English papers, Latin, and 
two important legal subjects — the elements 
of conveyancing and of the law of real property, 
especially that of landlord and t enant. Second 
class clerks start at £100 a year and rise to 
£275. On entering the first class they advance 
by £15 yearly from £300 to £400, and there are 
chances beyond this grade. 

The Ecclesiastical Commission. 
Junior clerkships in this office arc awarded on 
the re^sults of competitions held at inU^rvals 
of a year or more, to whicli all candidates between 
the ages of 18 and 22 are admissible. The 
initial and maximum salaries are tluj same as 
in the Second Division, but the increments 
and the prospects of promotion arc somewhat 
better. Algebra, Latin, and a motlern language 
arc the only special features of the examination 
scheme. 

Board of Education Inspectors. 

The man or woman who obtains an appointment 
as junior inspector under the Board of Education 
thus secures one of the b(‘st openings that the 
national service offers. Unlike most Govern- 
ment servants, these officers are not required 
to pass an entrance examination of any sort. 
Ajipointments are made on the nomination of 
the President of the Board from among can- 
didates between 23 and 35 years of age, who are 
usually university graduates in honours with a 
good knowledge of the theory and ]>ractice of 
teaching. It is officially notified that in the 
selection of inspectors weight Ls given to “ the 
possession of (a) a university degree in honours, 
or other like distinction ; {h) a university cer- 
tificate or diploma in teaching ; (c) the elemen- 
tary teacher’s certificate of the Board of Educa- 
tion ; (d) qualifications in special subjects.” 

Candidates seeking the President/ s nomination 
should apply to the Secretary of tlie Board of 
Education, Whitehall, S.W., on a form provided 
for the purpose, and should accompany their 
application with not more than six testimonials, 
one or more of which should relate to their 
knowledge of teaching. 

It is not surprising tliat tlw appointment of 
junior inspector is popular with college graduaUjs 
of either sex. The salary is the same for men 
and women — namely, £200 a year, with £15 
yearly increments to £400 ; but whereas this 
represents the maximum ordinarily attainable 
by women inspectors, their colleagues of the 
sterner sex have practically assured prospects 
of an* inspectorship at least, the reward for which 
is £400 a year, rising by £20 to £800. Junior 
inspectors are entitled to six weeks’ annual leave, 
increased after ten years’ service to eight 
weeks. They are allowed full travelling ex- 
penses, including first class railway fare and a 


personal allowance of £l a night during absence 
from home, and their position is generally an 
assured and pleasant one. 

Women Typists. Many Government 
departments now include a small permanent 
staff of female typists, who beeonu^ entitled 
to the benefits of the marriage gratuity and 
pension schcmcvS liUti other wtunen civilians. 
Their pay is certainly not excessive, evc*n in the 
present congested state of the feminine labour 
market. Starting at 18s. weekly, the typist 
receives 19s. in her sc^cond year, rising aft<?r- 
wards by 2s. yearly to 25s., and, on promotion 
to the grade of suptTintendent., to a maximum 
not exceeding 3.5s. Beyond that figure there art) 
no possibilities of advaneemeiit. 

Candidates must first be nominated by the 
head of the department they wisli to tmter, and 
must then pass either a eompeiitive or a merely 
qualifying test in writing, spelling, copying 
AhS., simple arithmetic, and typt^writing. For 
th<^ last subject a Remington machine (No. 3 
or No. 5) is usually employt^d. Shorthand 
may be added if it is required by the ofiice which 
the candidate has in view. From 40 to 50 
vacancies occur yearly in the various offices. 
The examination fe.<* is Is. 

A Word to Students. Our survey 
of the home service lading now comduded, we 
venture to add a hint or two addr(‘ssed to the 
young aspirant for a State career who is obliged 
— as so many an* - to ent<‘r in a subordinate 
grade at the outset. For such a student/ the 
importance attaching U) the lirst two or three 
years of his service is incalculably great, tbiless 
by the slow and iin<'(‘rtain way of promotion, 
it is generally during those years that he must 
Mun a higher axipoint-ment, if at all. Inability 
to grasx) this vital fact is mainly responsible 
for the failures and disaxipointinents which an^ 
frequent in this as in every other calling. The 
newly- appointed civilian, (s)nfident in his abilities, 
sulFors himself to n^st on liis oars a little. The 
months slip yiast unnot(‘d, and link themselves 
into years — precious anti irrevocable years ; and 
when at length the* effort of study is resumed, 
all is out of gear — the liabit of strenuous work 
is lost, one’s knowledge is dim and blurred, and 
the question of age limits has become suddenly 
menacing. So, once more, “ A lost chance 
flies owTo sea.” 

From this signal danger there is hut one way 
of e.scape — the heroic commonplace of steadfast 
and unremitting toil from the moment the student 
gains his first footing in the service until he 
attains the goal of the higher aj)poi!itment ho 
covets. The man who.se resolution is thus proof 
against the temptation to relaxed effort is Ivo 
who ultimately “arrives.” 
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By D. A. LOUIS 


^VERHANI) sloping is just the revorsn of 
uiul<Thand sloping. 'J’he work is commenced 
like a raise, or, better still, at a winze. As soon .as 
the excavation is of sufiieient height, a tindxa* 
platform snpijorted on stiills is fixed up for the men 
to stand on, and for the aeoiimulation of wasU^. 
When' the vein is narrow .a good t)it of wastr; 
rock is broki'n down in order to make the excava- 
tion larg(^ enough to work in. b"ig. 66 shows work 
in a narrow reef with stiills (A) and planks sn}>- 
])ortii\g waste. It is the slope, ^’hti rock is 
worktnl away in dep fashion — that is, a block 
of ore is worked ont at 
each end of the first 
excavation, then another . 
block is removed from 
overhead at the centre, 
and two more blocks are 
removed from the; ends 
of the first stage, and 
tlieso form the st;(*f)nd 
stage, while a third stage 
is HUxrt-(id at tlu* centre, 
and so on. "J’he waste is 
allowed to accumulate 
under the feet of the 
miners, and forms a sort 
of pyramidal heap; it is 
kept well up to the work- 
ing face, and furnishes a 
foothold for the miners. 

Fig. 67 shows a gi'oup in 
an overhand slope on a 
Hat vein in Cornwall. 

Wliere tlie vein is wide 
and all mineralised, so that there is not sufficient 
waste, temporary platforms are ereeU^d for the 
miners to stand on. The valuable material is 
broken down at the same time as the wortliless 
vein rock, but care is taken that they do not get 
mixeil ; in fact, the ore is sorted out and thrown 
into shoots, which are provided for the purpose, 
and which eimu'ge at the level below. Tn 68 two 
shoots are seen with tram below, one ready for 
charging. 1’ht‘y are closed with movable 
hoards, so that the ore can be withdrawn 
whenever there is a waggon available, and verti- 
cal passages or openings, calked pasife^, in con- 
nection with the shoots, are kept open in the 
waste at convenient distances apart, and securely 
timbered. The excavations of an overhand 
stope has the appearance of a very rough kind 
of staircase looked at from below. In overhand 
stoping, it will he observed that neither ore nor 
water has to b#' lifted from the workings. 

Modifications of Stoping. Masses of 
ore, and aJso very wide veins, are worked by 
modifications of the stoping process — that is, the 
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ore is removed in a series of cuts, some provision 
being made for filling in the excavation as the 
ore is removed, unless the ground is particularly 
strong and can bo safely left unsecured. Fig. 69 
illustrat.es a method of working a timsa of iron 
ore in Cumberland. It will Ixi seen that it is a 
modified overhand stope, the deposit being w^orked 
.away in horizunt.al slices G ft. high, the empty 
space being stowed with rubbish sent down 
from tlie surface. Some men are shown levelling 
this packing^ while othiu’s are busy breaking 
down ore, which is sent down the pass and loaded 
into trucks in the level 
below. Both tr.ansverso 
and longitudinal sections 
arc given, while the 
lettc'rs indicate the cha- 
r.aetcu* of the country. 
Notice how the fault 
cuts off the limestone and 
iron ore and brings in 
the coal measure shales. 

Fig. 70 sets forth the 
metliod of working a 
wide vein in a mine in 
Hungary. Jltu’c the lev(‘ls 
A, B, 133 ft. apart verti- 
cally, am connected by 
winzes {g) at intervals 
of 72 ft. One winze is 
.shown timbered and is 
kept open as a pass for 
the ore and a ladder- 
way for men ; the other, 
which serves for ventila- 
tion, is filled in, as are also the worked out 
areas as work progresses. 

The section on AB shows that the ore is 
removed in a series of horizontal longitudinal 
cuts, the excavations being duly timbered ; 
the various cross-sections marked 1st, 2nd, 3rd, 
4th, and 5tli stage respectively, show the order 
in which the cuts are made, owing to the dip; 
cuts 2 and 5 are only half the size of the others. 

Mechanical and Power Drills. In 

driving levels and cross-cuts, and frequently 
in stoping also, hand drilling gives way to the 
more expeditious mechanical drill, or to power 
drills, to which we have already referred. Fig. 
71 shows a rock drill set to work in a slope. 
One miner is working the drill, the other is direct- 
ing a spray of water on the hole to prevent 
injurious dust getting into the air. The drill 
is l)eing worked by compre.ssed air, which also 
serves to drive the spray from the water barrel. 
The flexible air-pipes are shown. 

The valuable mineral is hence removed from 
its original position in the ground by one or other 
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of the methods mentioned or 
modifications of thorn — that is, 
as far as deposits of the descrip- 
tions dealt with are concerned. 

And the broken ore is generally 
roughly sorted in the mine, and 
reaches a level by a pass or by 
windlass, as the case may be, and 
gets to the shaft, almost in- 
variably, in waggons or under- 
ground tramways. At the shaft, 
in small mines, it is tipped ini o 
an ore bin, or flat, and then* 
awaits the mine bucket, or kibhh*. 

Tn larger mines and in inclined 
shafts a skip is used, and in 
still larger ones a cage is fre- 
quently employed, which takes 
the loaded waggons themselves to the surface. 

Kibbles and Skips. These appliances 
arc made in a variety of forms, and of many 
different sizes, of which, howev(*r, an example 
or two only can be given here. The kibble 
shown j72j is a riveted sheet-iron or steel 
biK^kct, strengthened by bands and suspended 
by strong clutins and spc^eial (ioiipling links to th(^ 
capfing at the end of the winding rope, which is 
generally matle of the very best sU‘el wire, 
and which })asses over the pulley in the head- 
gear at th(^ top of the shaft to the winding 
engine. The kibble is low(!red when required 
to a level, the ore is charged in from the hopper, 
and then raised to the surface. The skip [73) is 
a rectangular sheet iron or sheet steel box, with 
an inelinotl bottom and a hinged door for 
emptying it. It runs, as all skips do, in or on 
guid(*s ; the guides are wooden bars at tached 
to the buntons, or dividings in the shaft. 
When the skip reaches the surface, the banksman, 


or lander, closes the door over the shaft, brings 
a tram waggon into position, lowers the skip 
over it, knocks up the bolt retaining the hinged 
door, and the contents fall out into the waggon. 
Sometimes, howewer, a sf‘lf-discharging skip is 
used, and one form of this appliance is shown 1 74]. 
In it the bow is pivotetl at the bottom of the 
skip — which in this case is fbit — and during 
the upward journey the full skip koc}»s upright 
until it reaches the surfact*, when the front 
wheels, having a narrower tread than the back 
whe*^ls, pass between the main guides on to the 
supplementary rails. The back whec'ls follow 
their course on the main guid(*s, the bow turns 
on its pivots, cons(a|uentJy the back of the skip 
is raised above the front part and the contents 
fall out of their own Jiccuml. 

Cages. Fig. 75 shows a form of single- 
decked eagi\ ft is niade of steel or iron and 
consists of a framtnvork, with a tioor with rails 
for the waggons, and a cover above to pro- 
tect men wh(*n travel- 
ling in it, tlie sides 
ar(^ pn)tected with 
slioet metal to the 
heiglit of the loaded 
tub. SIk)(*s are pro- 
vided for running on 
the guides in the 
shaft., and a catch 
serves to prevent the 
waggons from slip- 
ping out. The land- 
ing dogs, cage props, 
or keps, are four in 
number, and are 
placed at tin? surfac^e 
and at each level 
where the cage .stops. 
As tlie (iage. j)assc8 
up they are pushed 
aside, but full for- 
war<l again and stop 
the way as soon as 
the cage is drawn 
above them. The 
cage is then lowered 
by the engine man, 
and it rests on the 
kept until the 
3305 
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waggons are changed ; then the cage is raised 
clear of them, the banksman draws them out 
by means of the lever, and holds them back 


until the has passed. Tliere are four 

keps to hold a cage, set in ])aii‘s. each pair 
being keyed to one shaft, while arms and a 
link connect thi^ pairs of keps and ensure *1110 
moving backward or forward simultaneously. 
We liavi^ now landed our ore at the surface and 
must leav(‘ it there for the present. Hut before; 
passing on to bed or seam mining, we may give; 
some notion of the g(;neral character of a medal 
mine, and we are indebb'd to Mr. R. K. 
Cominans, of ^Ti'ssrs. John Taylor & Seni, for the 
mine plan and section now to be considered. 

Mine Plans and Sections. One of the 
most important dut ies of a mine manager is to see 
that aeciirato surveys an; madt; of the 
mine workings and are properly and 
carefully recorded, not alone in the 
proper books but also in plans and 
sect ions that should always .be kept up 
to date. l’lu;.se should ineliide a ground 
plan, a working plan, a longitudinal 
section and a transverse section |76). 

The surface arrangement, including 
various buildings and old open east 
workings arc indicated in correct 
position on this section ; but the under- 
ground workings are represented as if a 
section of the ground was cut away and 
a side view of the mine exposed. All the 
voitical shafts, the slopes, and the posi- 
tion of ore courses are eorreetly shown ; 
but the levels, inclined shaftiS, and 
winze.s arc projections and have a false 
appearance; wliile cross-(;uts appear 
merely as openings, indicated by tho 
little black marks in the levels. The 
levels are shown by tho horizontal 
lines, and their distance apart is dis- 
tinctly indicated. 

The other linos show tho shafts and 
w:nze«i. HaiUf's’s shaft and Ogle’s shafts 
are inenned shafts, Taylor’s and 
Tennant’s (shafts arc vertical to tho 
1,450 ft level and the 1,250 ft. level 
respectively ; all the win 2 t>s are more 


or less inclined towards the spectator, as, 
like the levels, / they follow the dip of the 

vein. Tho ground that has been stoped 
is ind cated by shading, whilt; 
the unshaded part, traversed 
by levels and winzes, shows 
the ground that has been de- 
veloped and blocked out ready 
for extraction. The occurrence 
of cross -courses and dykw is 
also iiidi(;ated. Then, by 
having jissays made of the ore 
from dilTorent spots in the 
mine, and noting tho results 
in the right position on the 
plan, a valuable record of tho 
richness of tlio mine in 
obtained and the position of 
the ore-shoots are usefully indi- 
(;ated. It will bo noticed that 
the new'cr and deeper workings 
of this mine are planned more 
systematically than the older 
and upper workings. Fig. 78 is a transverse sec- 
tion at Ogle’s shaft, and it shows tho in<;]ination 
of tho shaft following tho dip of the lode. The 
levels mc'rely appear as openings as they are seen 
only on end, whilst- with tho shaft sunk on the 
lode no cross-cuts are necessary, as in the Cfise of 
Ogle’s shaft. B\it fi0() ft. away at the surface 
in the direction of the dip Taylor’s shaft is 
shown ; this is vertical and intercepts Ogle’-s 
shaft at tho 1,450 level, a vortical distance of 
a})out 1,090 ft. ; and for this to roach the lode 
at any otlier point, cross-cuts are required, as 
indicated by tlio dotted lines, at the 500, 800 
and 1,150 levels, and the cross-cuts, like the 
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69. METHOD OE WORKING A MASS OP IRON ORB IN CUMBERLAND 
(Pn>ui a diagram of tlic Inntitulion of Minima Knjrineer.s) 

A. Coal nu'asti res B. LirnosUmo C atul D. Shales E. Slate rock f. Iron ore 
G. Rnhhish H. A fault 
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shafts aro coxrectily repre- 
aented on this section. Fig. 
77 is a working plan and 
represents the appearance a 
mine would present looked at 
from above and suppasingtho 
upper ground to be trans- 
parent. 1 1 gives a correct view 
of the windings and character 
of the levels as tliey follow on 
the strike of the lode. But the 
inclined shafts and winzes aro 
projections and have a false 
appearance, while the vortical 
shafts A and B appear as 
more openings. If tlie vein 
were vertical the levels would 
be immediately under eacii 
other ; but, as the vein in 
the present instance has a 
dip to the west, each level 
appears on the plan a littlo 
to the west of the ono above 
it. It will bo seen that with 
those drawings of a mine the 
relative and actual position 
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of any part of tho mire can bo 
easily tiscertained. 

Bed or Seam Mining. 
We may now pass on to the 
consideration of tho working of 
bedded deposits that necessitate 
tho employment of operations 
conducted underground. Tlie 
chi(;f mineral wrought in this 
manner is coal. As in tho case 
of a vein, wherever it is possible, 
seams are worked by preference 
through day lovi^ls, but it does 
not frequently 
happen that 
seams arc so 
situated as to 
permit of this 
economical 
method 
of work- 
ing. The 
writer 
has visi- 
ted coal 
mines in 
America 
which 
enjoy 
this ad- 
vantage, 
and con- 
sequently 
can pro- 
duce coal 
at a very 
low price; 
but that 
is excep- 
tional and 
73. SKIP WITH shafts 
^ DISCHARGING GUN 


a rule, to be resorU'd to in seam mining, 
'.rhe sinking of a shaft for working a Iwidded 
deposit is generally a far more troublesome 
undertaking than for vein mining. In the 
latter case, tho country is, in most cases, fairly 
strong and uniform in character, while in the 
case of bedded deposits, beds of very variable 
character and consistency have frequently to be 
passed through, and so, to keep back the looser 
strata, these shafts have to bo made very strong, 
while to keep back wat(U*, in many cases a con- 
tinuous metal lining is recpiircd. Moreover, in 
bed mining — coal, for instance — a largo quantity 
of comparatively low-priced material luis to 
be extrafited to make th<5 w'ork lemuneraiive, 
whereas in vein mining tlie reverse^ is usually 
the case. Again, in roaJ-mining a vrry large 
quantity of fresh air has to h(^ artificially kept 
in circulation to provide tho miners with a 
wholesome atmosphere and to diminish tho 
risk of explosions. Hence it is that these 
shafts have to bo eapa(‘ioiis and strong, and to 
fulfil thi«e re(|uirem<*nt-s circular sliafts are 
usually adopted, altluuigh rectangular, polygonal, 
or even elliptical shafts are sometimes favoured. 
Tho circular shaft — under th*^ prevailing con- 
ditions — is cheaper to sink, provides plenty of 
room for tho cages or appliances used for tho 
extraction of mineral, and yet can also accom- 
modate water and otlier pipes, and still leave 
plenty of free space for the circulation of air. 

The Site for a Shaft. In selecting tho 
site of a shaft, various points must be considered. 
It should bo as near tlie centre of the area 
as possible, unless the occurrence of faults, 
or the question of dip, etc., makes this position 
undesirable. It should, if possible, bo near rail- 
way communication, and tho ground around 
must be suitable for laying out sidings, and also 
for the erection and accommodation of the 
various surface arrangements. The proximity 
of a waterway and a good supply of water should 
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bo considered, while sandy, swampy, mossy, 
and bad lands generally should be 
avoided as far as possible. 

Sinking Shaft for Bed Mines. 

The preliminary borings furnish infor- 
mation concerning the character of 
the (country, and if it bo of good 
cliaractor, the operation is very 
similar to the sinking of a shaft on 
a vein mine, but on a larger s(!alo 
TTead gear is erected, and the 
upper soil and loose ground is 
removed by pick atid shovel, 
wood(m fraimwork being put 
in tosocuro the ground. This 
framcAvork consists usually 
of (uirbs or rings (‘onstructod 
of wooden soginents bolted 
togotluT l A 79] and kept 
a proper distance apart 
by punch props, B, and 
hold together by stringing 
deals, C<, supported by 
baulks, D, above and 
packed behind with lining 
deals or lagging, When 
solid rock or ftUmchead is 
reached, the temporary 
wooden supports are re- 
placed by brickwork, and 74. automatically 
carried some distance oisoHARdiNG skip 
above ground, to provide 

accommodation for the Wciste. It is also necessary 
to SCO that pToper foundations are available for 
tile head-gear and (mgint^-house, and if solid 
rock be not available, solid brickwork must ho 
built round the top of 
the shaft, in which 
archways are ])rovided 
for pipes, etc. 

A strong frame is 
placed across the top of 
the shaft and boarded 
over, ex(T*pl an opening 
in the cent n‘, over which 
is placed a rolling bridge 
arranged to run on rails, 
so that it can he made 
either to cover the shaft 
or to leave it open. This 
opening is fenced round, 
the sides and back being 
fixed, the front attached 
to the rolling bridge, 
while inclined hoards, 
or striking deals, are 
fixed below the opening 
to guide Iho hoppit, 
kibble, or bucket. 

Sometimes hinged doors 
are used to cover the 
shaft instead of the 
rolling bridge. 

Raising and 
Lowering Material. 

For raising the broken 
material iVom the iiole, 
any one of the devicee, 
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from superimpoaod platforms, windlass, 
horse gin, otc., to an engine, may be 
employed if expedient, but for 
these larger shafts it is better to 
employ an engine from the begin- 
ning. A pair of horizontal engines 
with cylinders 16 in. to 20 in. in 
diameter and stroke of 3 ft. will 
serve the purpose. 
They should be steady 
running, easily con- 
trolled, and provided 
with powerful brakes ; 
moreover, they are 
supplemented by a 
pair of steam capstan 
engines with 12 in. 
cylinders and stroke of 2 ft., 
and provided with a reserve of 
cast-iron drums for lowering or 
raising heavy weights in the shaft. 
In deep shafts, the main winding engines 
arc often erected beforehand and used 
for sinking ; and, anyway, it is by no 
means uniLsual to erect them while the 
earlier part of the sinking is in progress, and 
to use them for the deeper sinking work. 

The great point to be observed in winding 
material during sinking is to have it as steady 
as possible, so as to avoid tlie swinging or t wisting 
of the hoiJ^it or kibble and the projection of any 
of its contents to the bottom of the shaft. Steel 
wire ropes are used, look -coil ropes being the 
best , as they run smoothest. Other round ropes 
are also used, but must not twist; flat ropes 
sway too much, and are mon' expensive. At 
the end of the rope 
there are three or four 
yards of heavy chain, 
known as a hall chain, to 
which the hoppit is at- 
tached from a swivel 
spring-hook. 

Pumping Water. 
vSomo arrangermmt for 
dealing with water, if 
encountered, is required, 
and it generally takes 
the form of a pumping 
engine at the surface, 
with pipes leading down 
and up the shaft ; this 
is frequently supple- 
mented as required by 
sinking pumps and 
pulsometer xvater lifters. 
But if the quantity of 
water be small, it may 
be kept down by wind- 
ing in the kibble, or in 
a special water tank or 
bucket, of wliich there 
are many patterns. One 
shown [®)] consists of an 
iron or steel vessel with 
bows above and a valVe 
opening upwards below. 
Ibis is opened by 




76. SINGLE-DECKED CAGE (Holman Bros., Camborne) 
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77 . WORKING PLAN OF A MINE 
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78 . TRANSVERSE SECTION AT OOLE’s SHAFT 


knoc3kinj< up the projocting spindlo. Tliis is dorio 
when the biieket is at tlio surface and over a waggon 
or channel into wliich the water is discharged. 

A Pneumatic Water-tank. In other 
forms the valve in some emsos is opened auto- 
matically. But to save the time and cost of 
bailing. Professor GalUnvay has designed a 
pneumatic wator-tank that consists of a cylin- 
drical barrel 4 ft. 2 in. in diainetor and 8 it. 
high, closed at the top, in which there is a door 

bolted to the 
cover to give 
access to the 
interior when 
necessary. The 
bottom is 5 in. 
above the base of 
the cylinder, and 
has a central 
opening 18 in. in 
diameter for the 
valve seat. 'Fhe 
valve consists of 
a block of cast 
iron capped with 
a sheet of leather, 
and has a circu- 
lar plate of iron 
79. timbebino 16 in. in diameter 

or A SHAir bolted to it, which 



falls into the central aperture, leaving the ring 
of leather to make contact with the seating. A 
spindle working in guides, to ensure vortical move- 
ment, is connected to the valve by means of a ball- 
and-soekei joint, which enables it to accommodate 
itself to the seat in any position in which it may 
be turned. The barrel is fitted with a gauge to 
show the height of the water, and with a pipe 
reaching to within an inch of the top of the barrel 
inside, provided with a cap for instantaneous 
coupling, as supplied by the Vacuum Brake 
(bmpany. Tlu^ barrel is sent to the bottom, 
plung<3d into the water it is desired to remove, 
and l)y means of pipes carried down the pit and 
30 ft. or so of tlexible hose is connected with 
air-pumps at the surface. By opening a stop- 
cock the interior is exhausted, the valve is lifted 
off its seat by the pressure of the atmospheric 
air on the surface of the water, and the latter 
rushes in, and in half a minuUi the barrel is full. 
The stop-cock is turned off, the instantaneous 
coupling is disconnected, and the barrel full of 
water wound to the surface. 


Air and Light. Provision must also bo 
madc3 for a good supply of air to the sinkers, 
and this i.s done by a fan, and may be either 
by suction or blowing, the latter by pre- 
ference. The fan should be sufficiently large 
to cope with the occurrence of gas, and to 
clear away the smoko rapidly after a round of 
shots. The air is conveyed down the shaft 
in shccl-iron pipes, 18 in. to 24 in. in diameter, 
spiked on side of tiu; shaft. 

Artificial light is also required, and oloctrio 
glow lamps are used for the purpose, although 
safidy lamps are sometimes called into re- 
quisition wlum iniic-h gas is encountered. 

Keeping the Shaft Vertical. A very 
important point is keeping the shaft absolutely 
vertical, and to this end, phimb-linos and 
centring devices are in constant requisition. 

The centre line is eitluT a cord or, better, 
a copper win*. ()ric3 (‘i\cl of the wire or cord is 
coiled on a small drum, .situated n(‘ar the top of 
the pit, whilst the other end is directed by pulleys 
to the exact centre of the shaft, which is usually 
a hole bored through a balk of timber platjed 
.across the shaft; but a better plan is to provide 
a hingfid arm of the de- 
sired length, built firmly 
into the masonry. When 
the line has passed 
through the eontre. liole, 
or over the arm, a weight 
is attached, and is lowered 
into a bucket of water at 
tire bottom, so that the 
line is steadied. For set- 
ting out the curbs exactly, 
a .series of weighted cords 
are hung all round the cir- 
cumferenee of the shaft, 
which are attached to the 
inside of the upper curb, 
hut every third curb 
should be checked by 
the main centre line. 80 . wateb-bucket 
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Group 25 

FOOD AND COOKERY 

HEALTH 

Fish. Fowl and Game. Eggs. Milk. Butter. Cheese. Bread. Flour 

5 

and Grain Foods. Condiments and Tinned Foods. Cooking. Beverages 

(.'outiiiuot frmu 
:iii2 


By Dr. A. T. SCHOFIELD 


Fish* Fish is Ihroc-qiiart-cra waU‘r and one- 
quarter prot(dd. It is most easy of digestion when 
fresh, and is a valuable food, tis it contains a 
largo proportion of phosphates (ingredients of 
brain and bone). Tough, dry, and ^^oolly 
fish are indigestible. Fat fisli include salmon, 
lierring, mackerel, C‘ds, and sprats. Fresh fish 
are firm, the tail does not drop, the eye is bright, 
the gills are red, the smell is fresh, and the seales 
are t)right. 

Shell fish are not so digestible, except oysters, 
whose value as food is, however, much over- 
rated. They .are only in season in those months 
that contain the letter “ H.” Fish are preserved 
by drying, pickling, salting, smoking ; parts of 
rich fish, however, arc often decomposed. 

Fowl and Game. The flesh is like meat 
in nutrition, but drier, and there are more 
phosphates. Goose, duck, and teal are hard to 
digest ; rabbits are more digestible, but less 
nutritious than hares. 

It is well to note here that, with rare excep- 
tions, all flesh eah'ii by man is that of vegetable 
and not animal feeders. 

Eggs- These contain all the food needed for 
the construction of the body, provided the shells 
are cahm. The ju'oteids arc in tlu^ whit(‘ and 
yolk. The fat appears as oil in th<^ yolk, and the 
starch as saccharine matter. If an egg weighs 
2 oz., 10 j:)cr cent, is shell, 60 per cent, is white, 
and .‘10 per cent, is yolk. In a solution of 2 oz. 
of salt to one pint of water, a good egg sinks, but 
a bad egg floats. 

MilK. Milk, again, contains all the ek*- 
ments of food, and in their right proportions. 
It may be descrilxd as an emulsion of fat, with 
proteids, sugar, fat and salt in solution in 
water. Milk is nine-tenths water and one-tenth 
solids. A rougli analysis of the one-tenth (com- 
pared with cocoa, which contains no waU*r) is 
as follows : 



Human Milk- 

Cow’s Milk. 

Cocoa. 

Proteids . . 

I 


i 

Sugar 

1 

1 

4 

Fats 

i 


1 


Nine pints of milk, equal to 23 oz. of food, is 
a diet for a man for one day. 

In order of nutrition, cow's milk conu^s first, 
then human, goat's, ass's, and mare’s. Ass’s 
milk is nearest in composition to human. 'Fhe 
cream in milk averages 10 per cent. If the milk 
is skimmed, 1 per cent, of the cream is still left ; 
if separated, it is all removed. 

Milk is a fluid very readily contaminated, and 
one in which germs flourish ; it also readily 
absorbs poisonous gases. Milk should either 


got from a thoroughly pndeeted and inspec ted 
dairy, or it should be hoilocl. Of course, both 
eoui*ses are safest. 

Milk is least usikI iu ct‘rtain districts in the 
Eiist KikI of Loudon, wlua-e as little as 2 oz. jHa- 
head per w'cek is consumed. It is most used in 
Scotland and Ireland, where as much as tij pints 
jMU* head per week is eonsnnu^d. 

Forty iM‘r ei‘nl. of cream is butter, the rest is 
butter milk. 

Butter. Butter is 14 paits water, S3 ])ai ts 
fat, and th(‘ rest sugar. It is remarkable as 
being the only one of the animal foods con- 
taining no prohuds oi* nitrog(‘n. 

It is distinguished from margarine, a com])ound 
made from various animal fats to siipjdy a sub- 
stilute at a cheap rate, in ihrc'e ways ; 

1. The specific gravity of butter is •0.5'’ higher 
than that of margarine. 

2. I'he im‘lting point of butter is 95° F. 
Animal fats raise it and vegetable' fats low’e>r it. 

3. ButteT has S peT eeuit. soluble fats, marga- 
rine has 2 })er cent. Margarines is as nutrjtie>u8 
m butU'r, hut less e'asily digested, on a(.*count of 
the difference of the* fat as regards solubility. 

The water in butter should not exci'e'd 10 per 
cent. ; in ble'ueh'd hutleTs (butter and milk) it 
always does so. 

Cheese, (^un^se; is the* riclie^st of edl animal 
foods. It contains ouc-third emly as much water 
os meat, but nearly three times as much protedd 
or iiitre:)geiiouH foe^d, and, iu the ricluT chcese^s, 
four times as much fat. ft is therefore very 
much more nutritie)us than any meat, hut much 
less digestible. It is important to distinguish 
hedween the two qualities, for the nutritiem in 
anything is not of much use unless the food can 
Ixj digiisted and assimilate?d. Some ptM)ple of 
weak dige'stions find it almost as ini possible 
to get. their nitrogen from cheese as from air, 
though there is ])lenty in both. Cheese, such as 
Stilton, is mad(^ from cream, Cheddar from milk, 
Dutch and Somerset from skim milk. 

Cheese whiidi is rijxj or slightly deeompostjd, 
such as Gorgonzola, is easier of digestion than 
fresh strong cheese like double Glouc(\ster. If 
cheese bo toasted, it is more indigestible; if 
grated, less so. One pound of cheese has more 
nourishment than three pounds of beef. 

Vegetable Foods 

Bread. Broad is well named the “ staff 
of life,” though by many doctors it is now 
called the ” bane of life,” and the chief source 
of dysne^psia. The first title is more appropriate 
than the others. 

Wheat contains (like milk) all the food neces- 
sary for life, and tho needed salts. 
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The germ of wheat has the name analynis 
as the solids (one-tenth) of cow’s milk — viz., 
one-third proteid, one-third starch, and one- 
third fat. 

The analysis of various breads and of milk 
is as follows : 



Proteids. 

Starches. 

Fats. 

White Bread 

10.0 

81 

2.6 

Whole Meal 

10.0 

SO 

:{.o 

Hovis Broad 
flutnari Milk 

20.0 

.■38 

10.4 

(8oIid«) .. 

24.0 

r)() 

24.0 


Tins analysis shows that Hovis bread is by far 
the noartvst to hunian milk. Tlio reason other 
breads are so poor in fats is that ovea* since 
the grinding of Hour by steel rollers, the fatty 
part of the grain is taken out, so as not to clog 
the rollers. In Hovis bread it is restored to the 
flour. Of course that is why ordinary bnuid is 
seldom eaten without fat — ^generally butter — 
being added to it. 

Brown bread has by no means the superiority 
over white that is popularly supposed. It 
has a larger proportion of proteids in the loaf, 
but a smaller portion is kept in the body, 7 per 
cent, of it passing undigested. It is also 
irritating in its action if it contains the outer 
husk of the wheat. 

Whole meal, ground fine, makes the most 
nourishing bread. 

How Bread is Made. Bread is tn^ulo as 
follows : The flour and water make a sti(^ky 
mass (dough) owing to the gluten — the nitro- 
genous part. Some yeast ferment is added to 
the dough, which breaks up some of the starch 
into alcohol and carbonic acid gas, and thus 
aerates the mass, forming sponge. This is placed 
in a warm place, which increases the fermenting 
action ; the alcohol evaporates and the carbonic 
acid is fixed in the colls of the bread ; this is 
then baked to stop the f<u*montation. 

TJie amount of wafer in broad is 50 per cent. 

'riie most nutritious bread is made from 
English flour, but it is darker in colour than 
that from foreign flour. Only 90 loaves arc 
made from a sack of English wheat, but 112 from 
a sack of Hungarian, which is therefore much 
more profitable to the bakers. Various methods 
are used for bleaching inferior flours, so as to 
give bread that white colour which is so much 
prized, but which has nothing to do .yith its 
value, tlu^ most recent process being by moans of 
electrified air. [See Bkkadmakino, page 3281. J 

Flour and Grain Foods. The most 
nourishing foods made from flour are the Italian 
pastes— macaioni, vermicelli, etc. Those are 
nearly all gluten, and are nearly as nutritious as 
cheese. Macaroni, thei’efore, with cheese is 
the most nutritious dish known. The proteids 
in barley are not gluten, hemje true bread cannot 
bo made from this grain. Rye, on the other 
hand, can be made into bread because it contains 
gluten Oats lesemblo barley, and can be made 
only into cake or porridge. Rice is rich 
in starch, bat poor in proteids. Maize, or Indian 
corn, is mofo indigestible than other grains, 
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owing to its hard husk. Arrowroot, sago, tapioca 
are all rich in starch, but poor in nitrogenous 
food. 

Peas and beans, on the contrary, are a most 
important food, as they contain a largo amount 
of nitrogenous or proteid food in the form 
of legumin, or vegetable cheese. (Pea cheese is 
a known product.) As they also contain starch, 
fat and salts, they form in a sense a complete 
diet, unequal, though, to bread or milk. Potatoes 
are mo.'^tly water and starch ; steamed in their 
skins they are more nutritious than when peeled 
and boiled. 

Vegetables and Fruit. Vegetables are 
like milk in consisting of nine-tenths water ; 
their value as foed is due to the potash and 
other salt-s they contain, and to an anti- 
scorbutic principle which they share with 
potatoes and lemons. In the last this power 
is due to citric acid. One ounce of lemon juice 
per head per day on shipboard prevents stmrvy. 

Fruits arc also largely antiscorbutic, and 
contain valuable vegetable acids ; the stones are 
dangerous, and the skins indigestible. 

Condiments. These are of value in causing 
an increased flow of digestive juices. 

Condiments are used to flavour salt dishes 
and meat, spices to flavour sweet dishes ; both 
in moderation increases their digestibility. 

Condiments include mustard, horseradish, 
fHq)per, curry. caj)siciim, parsley, mint, thyme, 
sag(;, vinegar, f)icklcH, sauces, salt. 

Spices include ginger, cinnamon, mace, nut- 
meg, cloves, allspice, caraw'ay, vanilla, etc. 

Artificial and Tinned Foods. Artificial 
and tinned foods are never quite equal in digesti- 
bility or nutrition to natural foods, and many 
are not only dangerous, but are made of sm^h 
diseased and dirty materials, highly seasoned, as 
to be repulsive ; they are avoided. 

Humanised milk is not equal to mother’s 
milk. Condensed milk and milk powders are not 
equal to fresh milk. But this is all that can be 
said ; for many are most pure, excellent, and 
nutritious preparations, identical in chemical con- 
stitutents with the natural article, and forming, in 
time of need, most excellent substitutes for it. 

Babies’ foods of all sorts, and adult artificial 
and partly-cooked foods of every variety, 
under special names, are mostly wholesome, 
highly nutritious, and easily digested, and are 
very valuable on certain occasions. Their 
number is increasing, but they are often used 
needlessly when fresh food can be taken. We 
therefore repeat once more that fresh food is 
best when it can bo obtained. 

The same remark applies to tinned goods — 
meat, fish, and fruit. But with regard to these, 
which are so highly popular, there is another 
point. However carefully they are canned and 
the air excluded, here and there ptomaine 
poisons are fpi'iticd and bad results ensue. The 
best safeguard is to turn the food right out of 
the tin as soon os it is opened. Tinned foods 
are used because they are cheaper, and often 
more easy to obtain than the fresh article ; but 
they are not so good or so safe, and in the face of 
recent revelations most people will not use thenL 
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COOKING 

Cooking is really a sort of first aid to digestion, 
in spite of the common idea that raw food is 
more digestible than cooked. Cooked food is 
better to the eye and taste ; it is warm, more 
digestible, cleaner, more varied ; you get many 
dishes from the same material, and parasites are 
destroyed ; but against this the meat loses 20 
to 30 per cent, of its water. 

There are few things of more importance 
for the comfort and economy of the working 
classes than a sound knowledge of cooking. 
For want of it more food is wasted than 
would support thousands of starving people. 
A palatable meal would keep many a man 
from the public -house, and many sickly school- 
boys and girls would be made strong if they 
were only provided with wholesome, nutritious 
food, which, though plain, would supply the 
nourishment they now lack through ignorance 
and bad management. Much attention is being 
paid to this subject in primary schools, and it is 
hoped that it will soon be impossible for a man 
to marry a wife wholly ignorant of cooking, 
though it will be long enough before the English 
workman is as fortunate as the Frencih petisant 
in this respect. 

Value of Good Cooking, It is all 

very well for a strong man to say ho cares Httlo 
what ho e<ats. It really makes an immense 
difference to him wluithor his food is well 
cooked or not, while to the weaker members of 
his family bad cooking often means ill-health. 
And if good cookery can bo combined with 
economy, as it can, how important such know- 
ledge is to the community. 

For details on this important subject we 
must refer to the section on Housekekpino 
[page 1485] and to the practical instruction 
given at schools, polytechnics, young women’s 
institutes and elsewhere. All wc can do here 
is to lay down the following broad principles 
that distinguish good cookery from bad. 

The object of all cooking is to make food 
more palatable and digestible, and to give 
variety. To this end it must be broken up and 
easily disintegrated. Skilful cooking does this, 
while bad cooking renders it hard, and difficult 
of digestion. A good cook, for instance, beats 
and bruises a steak before cooking it. 

Cooking, also, by coagulating the fibrous tissue 
which holds the tissues together, renders them 
easy of separation. Meat is generally overdone, 
and ve^^etablea are underdone. It would he 
better the other way about, for while under- 
done meat is not injurious, underdone farinaceous 
food is so, and provides a fertile source of 
dyspepsia. 

Gas is as good for cooking as coal, if the oven 
be well ventilated. 

Artificially and experimentally, food is digested 
as well raw as cooked, but practically in the 
living being it is better if cooked. Cooked 
food is more tasty and requires less mastication. 
In meat the tough fibrous tissue lx;comes a 
jelly, and in farinaceous food the tough covering 
of the starch grains; swells and bursts, making 
Ihe food readily digestible. 
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Methods of Cooking. There are seven 
principal forms of cooking — boiling, stewing, 
roasting, broiling, baking, frying and steaming. 

Boilinq. In many kitchens boiling mcan.s 
spoiling, for quicjk and fierce boiling soon hardens 
moat. The best way is to boil at 212*' for a 
very short timey and then simmer at IStV’ the 
rest. 

In boiling, the flesh gets firmer, the gelatine 
dissolves partly into gravy, and it sots again when 
cold ; h(;ncc, cold meat is firmer than hot. 

ITiero are two ways of boiling — either with 
a view to extract the juices of the meat 
or to retain them. To extrari the juices, 
the meat is pkwuid, whole or cut up, in cold 
water and heated. Above ISO*' it hardens. 
The heat at first extracts part of the nutriment, 
and makes broth, leaving the meat still good 
to eat. Carried further, it makes soup and leaves 
the meat worthless. 

In boiled meat, even when reduetKl to rags, 
some of the proteids (the flesh) are so hard that 
the muscle fibre often passes through the body 
unclianginl. 

To retain the juices in the meat, it should be 
plunged in boiling water and boiled for five 
minutos, to coagulaU^ the outside, and then it can 
slowly simmcjr at 180°. The great fault in 
boiling is retaining the heat at 212° t(3o long, 
and not reducing it soon eno«igh to 180°. Fish 
is nuKle firm and loses less of its flavour by being 
boiled in hard waU^r, in sea water, or in waU^r 
to which salt has boon added. 

Boiling is more sure to destroy all germs than 
any other form of cooking. 

Boiled bones yield gelatine for soup ; })otatocs 
boiled in their skins rt'.tain their potash, salt, 
and albumen ; if peeled, they are best eaten in 
their juice, as in Irish stow. 

Beef tea should never be boiled, but very 
slowly simmered in a closed vessel. 

Stewing. Stewing is by far the most 
delicate way of rendiTing meat tender, juicy, 
and sapid. Meat that would otherwise be eaten 
and digested with difficulty can thus be made 
quite digestible. Many foods, animal and vege- 
table, can lx? combined in stewing, and things 
rendered tasteful that are otherwise flavourless. 
All the most nutritious proptjriles of the least 
nutritious materials can thus be obtained. It 
is often the best way of using tinned preserved 
meats. In this form tlx? heat is never raised 
above 180°, and less water is used than in 
boiling. The meat and broth can both always 
Ih? used. It is best to employ a water bath, or a 
bain msirie for sbnving. 

J^RAisiNO. This is a most excellent variety 
of stewing. The meat is just covered with a 
strong liquor of vegeUibhi and animal juices, 
previously prepared (often with wine) and 
flavoured. It is simmered in this at 180° from 
two to three hours in a closely covered vessel 
with a sunken lid, on the top of which coals arc 
placed. 

Roasting. In this process one-quarter of an 
hour is allowed to each pound of meat. The 
heat, as in boiling, should be great at first to 
coagulate the outside and prevent the escape of 
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the juices; it should then be reduced, while all 
the time the meat is well basted. Roasting can 
bo done before an open fire with a jack, or, as 
Ls more common now, in a well vcntilaUd oven. 
Meat loses 30 to 35 i>er cent, by roasting ; it 
loses least — ^25 per cent. — by boiling. 

Rroilinq. This is a veiy fit^rt^c form of 
roasting, done on a gridiron over or close before a 
(!lean lire. It takes a shorter time, and is, ptu*- 
haps, the most digestible form of cooking. It is 
the best way of cooking steaks and chops, and 
is also more palatable than any oilier, the meat 
liaving the taste? of the fire on it. Fish is also 
(?xccll(‘iit done in this way, as in a broiled sole. 
It is much more digj'stible than frying. 

Bakin(J. Baking is always done in an oven, 
which should be hottest at first and them hav«? its 
temperature reduced; it must be well ventilated. 
Till' heat requirt?d varies with the food cooktHl. 
l>r(?a<l, for instance, requires a dithaont heat from 
pastry. Baking is not quite so digestible a form 
of cooking as roasting. 

Fryino. When this is done to ]K?rfection, 
a deep y)an is used containing oil boiling at 
500’ F. The meat or fish is dropped into it, and 
eoagulatt?s outside so instantanc'ously that the 
food is not tin? least greasy, the oil having no 
time to soak into it if the right, heat is main- 
tained. Fr(?sh olive oil is tiu* best to use; the 
next is good beef dripping, clarified ; and tlnai 
comes lard. 

Steaming. An excellent process for many 
vcg(‘tables, especially y^itatocs, steaming can be 
extended to m(‘at, etc. Stcam(?rs are sold to 
stand on gas stoves, consisting of four or more 
vessels one al>ovo another, with hot water in the 
lower, the siearti from which is made to (?ook the 
whole dinner — fish, flesh, fowl, and pudding — 
very well and clu'aply, 

English m(?at has a tine flavour, whereas Frcn(?h 
moat is flavourless, and has to be di.sguised with 
sauces which often render it harder to digest. 

Carving. This is the next important matt<?r, 
and may be called the second aid to digestion, 
after cooking. Few have any idea how important 
good carving is. It may, indeed, be said that 
food that is not carved is n(;Hrly always indi- 
gestible— as lobster, crab, and salmon eaten in 
hakes. 'I’hc object of all carving is to open up 
all the fibres tlu? ready action of the digestive 
fluids. For this reason good carving is across 
the grain and newer with it. Food that is often 
not cut with a knife, such as sahuon, is always 
rendered more digestible by its being divided 
across the grain. If iiU'at, etc., is at all lough, 
a tine cutting across the fibre will often save an 
attack of indigt stion. 

Comparative Digestibility. Wo give, 
in conclusion, a table of the comparative length 
of time taken to digest different sorts of food. It 
is airanged alphabetically. 

This table is almost <‘ntircly based on physio- 
logical GX(KM*iment8 conduct(‘d in Canada for 
many years on Alexis St. Martin. He was a 
Canadian trnpoer wh'? was accidentally shot in 
the stoma^li when hunting deer. The wound 
would not close, so a sort of window was made in 
the abdominal wall, through which the digestion 
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of food could be noted. From this source was 
derived the most valuable information as to the 
c?ffccts of alcohol on the stomach. It is only, 
however, approximately correct. 


1 TABLE OF 

DIGESTIBILITY 

n 

1 Hours. 

HoureJ 

Barloy, b()ilod 

2 

Milk, boiled 

2 

Heans, boil('d 

21 

Mutton, boiled 

3 

Hoof, roast . , 

3 

Peas, boiled 

2 

Bread, brown, baked 

4 

Pheasant, roast . . 

.3 

Broad, wbite, baked 

3 

Pork, roast 

5 

(-nbbago, boiled 

2.1 

Pork, salt . . 

5 

E;rq.s, raw . . 

2 

Pq^atoo.s, peeled, 


«oft . . 

3 

boiled . . 

n 

lull’d . . 

5 

Potatoe.s, in skin. 


Fish, salmon, boiled 

U 

roa^it 


Fish, sole, boiled . . 

2 

Uice, boiled 

1 

Fowl, boiled 

3 

Sago, boiled 

H 

Fowl, roust . . 

3.1 

Tapioca 

2 

Ham, Imiled 

3 

Turkey, roast 

4 

Lamb, boiled 

21 

'Fripo, boiled 

1 

Maearoni, boiled 

21 

V'^cal, roast . . 

4 

Meal, raw . . 

o 

Venison, roust 

11 

Milk, raiv 

- 1 




BEVERAGES 

We purpose to consider, first of all, alcohol 
as a lK?vi‘r.ige in its various forms and coni- 
])Ounds. In its reference to disease it is fully 
treated in tin? section on III Health. 

Then w'c sliall consider tea, colfeo, and cocoa, 
those rtunarkablo Ixwcrages that hav<? contri- 
but<‘d in no small degree to our national progress. 
We shall next speak of mineral waters and 
temj)erance lx?vcragcs, and conclude with a 
brief ct)nsidcration of water and the means 
by which it is rendered fit for drink. 

Alcoholic Drinks. Alcohol. This is 
a spirit distilled from sugar. One part of sugar 
(C,.H,.^0,.) is broken up by fermentation in 
distillation into tw^o parts of cai’boni(? aeid gas 
2 ((H)..) and two parts of alcohol 2 (C.^lToO)- 
This takes place alike in the making of bread 
and lH*er. In making broad the fermenta- 
tion breaks up the starchy sugar of the 
“ S})onge ” into carbonic acid and alcohol, 
the latter evaj)orates in baking, and the former 
is imprisoned in the dough and makes it rise. 
The smell of alcohol when bread is baking 
is quite perceptible?. On the other hand, in a * 
l)ecr vat, where the same fermentation goes on, 
the alcohol is retained in the beer, and the 
earbonie acid gas is given off in such quantities 
that the men at tin? vat are somv'i times poisoned 
by the fumes. Pure alcohol is about twice ns 
strong as spirits, four times as strong as wine, 
and ten times as strong as beer. 

RE(TiFiEr) kSiHRiT is alcoliol with 16 per 
Cent, of water. 

Proof Spirit is half water and half alcohol. 
Spirit over proof fir(?s gunpowder. 

No 8])irit for sale may contain less than 25 per 
eent. of alcohol ; gin contains 35 per cent, 
brandy often 50 per cent. 

Brandy should be distilled from wine, but 
very seldom is so, except in the best French 
brandies. It is generally artificially made 
from some raw spirit distilled from potatoes, 
corn, etc,, and containing fusel oil and other 
inferior and deleterious products, to which are 
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added tartario and acetic acids, burnt sugar, 
etc. for flavour and colour, tannin, and, of course, 
water. 

Whisky is supposed to be made from pure 
malted grain, and should he. the finest spirit 
made from com as distinct from grapes. It is, 
however, constantly adulterated with potato 
spirit with much fusel oil, and produces rapid 
and violent intoxication. 

Rum is a spirit distilled from molasses and 
often flavoured with slices of pineapple. 

The three chief sources of the best alcohol 
therefore are grapes, grain and sugar. 

Gin is said to be the spirit most drunk and 
the most adulterated with water ; it would 
therefore be the least injurious if the original 
spirit were pure. Tt is flavoured with oil of 
juniper and thus becomes a diuretic. 

There are many other spirits and liqueuiti 
distilled in various ways, and amongst thtuti 
we may mention absirUheov spirits of wormwood, 
as being very potent and one of the most perni- 
(jious spirits known, a great destroyer of the 
nervous system. 

Consumption of Spirits. Most spirits 
consumed in the United Kingdom arc made here ; 
out of 40,000,000 gallons produced in one year, 
32,000, (MX) were made at home and 8,000,000 
imported, the proportion being four to one. 
'Phe amount ctinsumed does not vary very much 
in the United Kingdom, averaging about one gal- 
lon per head ; while in the North of Franco it is 
^increasing rapidly, there being in the Department 
du Nord a drinking house to every L5 males! 
Nearer Paris there is one to every 22, which is 
still vastly in excess of anything known here. 

Wines. Turning to wines, wc may remark 
generally that they should consist of the pure 
fermented juice of the grape. The so-called 
natural wines are, perhaps, the most wholesome 
of all the alcoholic products, and the most suit- 
able for general beverages. They are everywhere 
the staple drink in wine-producing countries. 
In England such wines are little used or known. 

The fermentation of the grape is due to germs 
in the air, a very dilTerent process from that 
produced by the yeast in bread and l)eer. 

Natural Winks average from 6 per cent, to 
12 per cent, of alcohol, and cannot exceed 
14 per cent., because at this point fermentation 
stops. When fortified with spirits, however, as 
they nearly always are for the English marked, 
the percentage ranges from 12 per cent, to 22 
per cent, of alcohol, the latter being almost as 
strong as weak spirits, besides containing various 
compound ethers. If the spirit added were always 
of the highest quality, less harm would be done 
by fortifying, but unfortunately it is not so. 

In light wines of low alcoholic strength a further 
fermentation (acetous) changing them into 
vinegar is apt to set in, if the air be not excluded. 

Grape juice itself contains from 10 per cent, 
to 30 per cent, of sugar. In very d^ cham- 


pagne there is none, in other wines from eight 
to (K) grains in the ounce. There are generally 
from two to six grains of tartaric acid per ounce. 

The germs in the air change the sugar in the 
grape juice into alcohol and carbonic acid, and 
they feed on the albumen in the grajje. If this 
is used up before all the sugar is changed, the 
wine remains sweet. If the sugar is used up before 
the albumen, it is dry. A natural sweet wine can 
be made dry by continuing to add albumen (such 
as white of egg) during fermentation, till the 
sugar is used up. Wine is always most largely 
drunk where it is produced. In the United 
Kingdom, (^lermany and the United Slates, the 
consumption of wine is insignificant. The total 
amount drunk in those three countries with over 
150,(X)0,(XX) inhabitants is insignificant and only 
forms one tenth part of what is drunk in Franco 
alone with only 30,(X)0, 000 inhabitants ; in other 
words, Francti drinks 40 bottles of wine \)ev head 
for every one drunk by England, (^cn-many, and 
America. Champagne, so Jarg(;ly drunk at 
festive gatherings, still scartHily averages one 
seventh of a bottle (reputed quarts) per head in 
England, the average price of champagne being 
sixty shillings a dozem. Of all wines together the 
consumption in the United Kingdom is under two 
quarts per head per annum. In the United 
States it is under one quart, while of champagne 
in America one bottle does for twenty people for 
a year, the average pritie being about eight 
shillings. 

Beer. Boor was formerly a beverage brewed 
entirely from malt and hops, but it is now legal 
to brew it from sugar or its equivalent, with an 
iiddecl bitter, which need not be hops. Malt 
beer is made as follows : The barley grain is 
soaked for 50 hours, and then spread on floors 
for 14 days, during which time a large part of 
the starch in the barley is changed into a 
sugar by a ferment contained in the germina- 
ting grain. The grain is then dried in a kiln. 
This malted grain is crushed by the brewer 
and put into water at a temperature of 100'*, 
thus forming a “ mash ” of which the liquor is 
called “ wort.” The mixture is then boiled 
to stop the fermentation, and hops are added. 
It is then run into shallow vessels at 
and yeast is put in to produce the alcoholic 
fermentation, and in a week the malt sugar is 
changed into alcohol and carbonic acid gas. If 
all the sugar be not changed into alcohol, the hcer 
will not keep, but changes (as in light French 
wines) into vinegar by acetous fermentation. 

The alcohol in beer varies from 2 to 12 per 
cent., and the malt extract from 4 to 15 per cent. 
8alt is often added to induce thinst. 

Light (lag(;r) beers contain 4 to 6 per cent, 
alcohol, but do not keep well. Ginger beer is a 
fermentoxi liquor containing still less alcohol 
(from 1 to 4 per cent.), being thus practically a 
temperance drink, and sold as such. 

Cider and Perry arc really wine made from 
apples and pears respectively. 


Continued 
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eS*eK the turnery & MACHINE SHOP 

23 Allowances for Tooling. Lining Out The Work of the Machines. Alternative 

Methods. Methods of Fixing. Machine Capacities. Broad Rules. Exceptions 
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By JOSEPH G. HORNER 


VWE group together the turni'ry and machine 
^ shop because this is more suitable to 
the concise method of triuitmcnt which must bo 
adopted in this course than a separation of 
turning from lh(^ otlier mai^hine operations 
would be. Ft also coimudes with the growth of 
present-day machine .shop ideals. At a period 
comj)arativ<‘ly recent, tlie work of th<^ turnery 
and in.'icliint) sliop.s was of a very cut -and-dried 
charaettT. Certain kimls of jobs went to the 
same kind.s of maohine.s year after year, becau.se 
sueli had been the custom of thexdace. Tt was 
a lazy, mind-deadening practi(!e, and it still 
(‘xist.s ill too many tirms to-day. In the better 
linns it has disa})peared before broader vit^ws, 
better education, and stress of competition. 
Tliough tlu'se great departments in large. modt‘rn 
works are not only distinct but are also very 
much subdivided, yet in the large range of 
operation.s the manag<‘ment must always 
hear in mind the fact that economy in re,sults 
must l)(^ of primary consideration. No old- 
fashioiK’d prejudices in favour of or against the 
tooling of specilic jobs on certain machines must 
he allowed to intiirfere with this. Old ideas and 
eijnservative pracftiees have been and are rapidly 
e hanging in regard to the management of the 
turnery and machine shop. 

Alternative Methods. Many pieces of 
work may be alterruitively turned or planed, 
turned or milled, turn(;d or slotted, planed, 
shaped, slotted, or.rnilled, or turned in a common 
lathe, or in a turret lathe, or in an automatic 
machine, or screwed in a common lathe, or in an 
automatic, or in a cha-sing lathe. Though the 
rfitiiUs would b<i identical in each, th(5 cost might 
b(} lialved, or doubled, or lessened, or increased 
in much larger ratios by the substitution of one 
machine for another. TJiis is, therefore, really 
the only way in which the vast volume of work 
done in a modern machine shop can be regarded 
— that of economy of output. And it is the 
j)oint of view which it is very diflicult for the 
workman trained in the operation of one par- 
ticular machine to take. Hence the necessity 
for broad-minded managtunent in the conduct 
of a department *whicli often includes some 
hundreds of machine tools, large and small. The 
design and construction of the machines them- 
selves will bo treated in a later course, so that 
hen^ we simply outline the character of the 
work involved. 

Allowances for Tooling. TFie work 
of these d<»partmonts lies in jiroduoing tnio 
surfaces of all conceivable shapes on all kinds 
of castmgb aud forgings in various metals and 
alloys, but c!uefly i.i kon, the bronzes, steel, 
aluminium, and alum inium alloys. The quantity 
to be removed is previously allowed for, and 
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<*mF)odied in the casting or forging, and it is 
most essential that this should be sufficient to 
hold up everyw'here, witliout being excessive in 
amount. Practice allows, as a very general rule, 
from i tooling, but this is subject 

(o many variations, not only ab-soJutely, but 
rt‘Iatively — absolutely, when srnalli^r or larger 
amounts are necessary on a surface ; relatively, 
when pieces of work are comt^licated, or subject 
to trouhlesome conditions. Thus, it is not 
unusual to allow' J in., jj in., or J in. on some 
portions of large cyliiuh'r castings, where it is 
es.scntial that the linie, the feet, and the valves 
scats shall all be tooled in very accurate 
n*lations to (nuIi oth(*r. Here the uncertainty 
is dii<^ to inaccuracy in fixing core.s, in .setting 
ba<*k loo.se drawbacks, and in unequal and 
retarded .shrinkage's in cooling. The more tlie 
numb(‘r of paits in a mould are multiplied, and 
the larger tlic casting, the. greater arc these risks. 
Jn a forging made by band methods, (‘xtra 
allowance's are* made also with increase in mass 
and in the; iiumbe!r of complications of related 
parts. It is not unusual to allows from .} in. to 
1 in. or more in some [larts of large forged (;ranks, 
crane fiillars, and forke'el re)d.s. Forgings stamped 
in dies rcepiire. less allowance than those made* 
at tlie anvil ; castings moulded by macliinc less 
than those moulded by hand. 

Lining Out. IMany eastings and forgings 
have to be* Ihud out, or marked out, b(;foro they 
can be; safely tooled. If this were not done, 
some port iem.s would not liold up— that is, the 
allowance, while in exees.s in some parts, would 
be insufficient Jn others. The object in lining 
out a casting or forging is, first, to avoid risks of 
excess, or insuflicie*ncy for tooling ; and, secondly, 
to serve as a guide to the men who have to tool 
it. Often, of course, the tooling goes through 
the hands of two or thr(;e men, as turner, planer, 
and driller ; or a planer, milling liand, and 
driller, etc. In such cases the advantage of 
lining out is obvious, as lessening risks of 
mistakes. 

When an intricate casting or forging is being 
lined off, the marking out is at first of a tentative 
character. Several centres, lines, and circles, 
may have to bo marked lightly first, and the 
)»osilions of some altered afterwards, before Uie 
whole of the relations can be correctly obtained, 
to ensure that all will hold ui> alike. 

This w'ork is done generally by a fitter or 
turner, who is relegated specially and tegularly 
to the task. It is done on large cast iron tables, 
lancd truly on face and edges, and, with the 
elp of an equipment of straightedges, squares, 
compasses, and other mathematical instruments. 
The lines are always scribed or scratched with a 
sharp point on a whitened surface — ^nevor 




LINING OUT AND MACHINING 

242-244. Linlmr out enitlte cylinder 246 and 246. Templets for ditto 247. Operations in the ordinary lioi izontal 
lath© Orations hi the vertical lathe 240. Drilling 260. Boring 261. A reamer 262. Bossing 268. Artjonng 

264 and 266. Planing 266 and 267, Slotting 
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pencilled — and the course of the lines is further 
indicated by centre pops stamped with a centre 
punch. The object ensured by popping is a 
permanent record in case the ac.ribed lines 
should become partly obliterated during the 
rough handling of the work in the shop. 

The Necessity for Lining Out. The 
reason for thi.s may be easily understood. If a 
portion of the work were tooled without any 
reference to otluir .sections, tlum some of these 
would probably fail to hold up to their dimen- 
sions. Or it would .sometimes liappen that too 
much matiuial would have to bo removed from 
one locality, leaving the metal too thin, or scant, 
in a plated or webb(;d portion ; and the more 
intricate an obji‘ct, the greater i.s the ri.^k of this. 
But if a casting or a forging be marked otT before 
any cutting is attempted, tlien inequalities can 
be fivcraged, by a process of give and take. 
The necessity for this is found in the fact that 
neither castings nor forgings when hand madci 
can be relied on as of .sufli<'ient approximation 
to accuracy to permit this lining out to be 
dispensed with. And, apart from this, there is 
ihefat^t that it is more convenient and <‘conomical 
of time to mark out all the dimensions, and the 
relationships of faces, bores, and bosses, etc., 
scpiare, parallel, and so on, once for all, than to 
bo working in a tentative and piecemeal fashion. 

An Example. To illustrate Ibis work in 
its <^lem(‘nts, we lake, say, a plain common 
eylind<*r for a small engine, and go t hrougb the 
work of lining it out. 

Wlu'n such a cylinder eomos from the foundry 
it is rough, lumpy, and larger by certain pre- 
determined allowances than the casting wh<‘ii 
finished and ready to be fitted. The principal 
parts to be finished are the boro and the faces 
of the various flanges, to be followed by the 
ports and stud holes. 

Looking at the casting [242-244J, ^^o .see 
that the hove, or hole, has to be parallel with 
three fa(‘e.s — that of the foot, A ; .steam chest 
flange, B; and exhaust branch, C-; and that 
the flang(‘.s D T) for the covers have to he at 
right angles with tlu? bore. And tlu^se faces and 
tlu; bore have all to he to definite <Iimensions, 
in relation to eaeli other, as given on tlio .shop 
working drawing, by which the liner-oif has to 
work. 1 1 is iieces.sary to si^t the cylinder u p firmly 
on the niarking-ofl table, then^hy causing the 
flang(*s to stand horizontally and vertically, 
respectively, .so that tlu; surface gauge and 
square can he requisitioned by which to scribe 
the lines in question. In the illustration [242 1 
the i;ylinder is packed on wood blocking, x\n 
alteriiativo is to use small iron wedges to pack 
up with, for it must be remembered that the 
face of fhe foot is only rough-cast, and therefore 
uneven. Some averaging has to be done. The 
hack of each flange has to he checked, and 
Ivrought parallel and square respectively, for if 
the flange faces were marked, ignoring the hacks, 
there would he a difference in thickness on oppo- 
site edges when the faces were tooled. But as 
there is j\o tcue fac- as yet to commence from, 
the casting is packed up on the blocking as shown, 
and adjusted thereon, until not only the bore 
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centres measure the same height from the table 
at each end, but the backs of the flanges measure 
parallel and square respectively. The scribing 
block tests the first, or the rule in some eases, 
and the common square the second. The pack- 
ing may consist of wedges, or thick blocks, or 
vee- blocks, the latter to receive the circular 
flanges. 

Marking Centres and Centre Lines. 

It is usual to commence with the boro, bridging 
each end with a strip of wood or metal, a, driven 
in tightly [see also 244, which shows the ex- 
haust bridged similarly], and marking a centre 
thereon with compass, or compass calliper, 
from the edge of the roughly cored hole, 6. 
'i’hen measiirornents are taken from thi^se 
centres at ea(*h end of the cylinders, with the 
rule first, to the various flange faces. Now if, 
as often ha])pens, some of these faces A, B. 
or (’ lie too close in, or stand too far out, the 
bore centres are shiftiHl over to allow of all the 
flanges holding up. Arwl it will thus often 
happen that- shifting the centres will reduce 
the allowance for boring very fine on one side 
and iuerease it by jicrliaps double as much on 
the .side opposite. 

'fhe bort; of the finished hole may next he 
struck round, line c, with (sompasscs at each 
end, from the Avorkitig centres. Another line, d, 
is now struck concentrically, from in. to in. 
away front the bore line, as a mtness to remain 
after the boring is done, testifying to tlie fact 
that the circle struck has been worked by. In 
the absence of the witness it would not be 
possible to prove or disprove this fact. 

The next thing is to get two lines acro8.s 
the end flanges at- right angles with each otlun*, 
and hotli passing through the centres of the 
bore. These are st;en marked on one end in 
242, and from thorn the faces of the flanges 
A, B, C are measured and marked. The hori- 
zontal lines arc drawn with the surface gauge E, 
the points of which are adjustable for height, 
the vertical ones with a common try square, or 
set square. 

When the flanges B and G are set, then the 
dimension lines for the faces can bo marked as 
shown, with scrihiiig block and square. Witness 
lines arc sometimes struck within these, some- 
times not. 

Flanges and Ports. Tlie faces of the 
circular cover flanges, BD, are marked with 
a seriber with the cylindr^r set on end, the 
scriber being able to operate then from the 
face of the table. It is packed up on blocks 
or wedges, or both, being adjusted by tho 
centre lines of the bore, (rarried round the edges 
of the flanges for that purpose. If there bo 
slight inaccuracy here it will not matter, because 
tho flanges are faced at the time of boring, 
and therefore must be at right angles with tho 
bore. The lines simply give the length over all, 
the lathe or Ixjring machine taking charge of the 
truth of the flange faces. After tho valve face, /, 
and the face, e, for tho steam cheat have been 
planed, the ports are marked out. Their edges 
have to bo filed, or milled, for a sharp cut-off of 
steam. They are marked the centre lines on 
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that lace. But a templet [245] is generally used for 
marking them all three at once. A templet [ 246] 
is also often used for marking out or drilling 
the stud holes directly through. These various 
holes are shown on the Hange faces, all centre 
popped, 'l^he centre popping is necessary 
if* the holes have to be drilled by the circles, 
but not when they are drilled directly through 
a templet. 

Setting and Tooling. By tho' lines 
and pops thus marked, the machinists and 
turners have to tool the castings and forgings. 
As these are in a rough condition, offering 
as yet no time plane faces, or cylindrical surfaces, 
external or internal (bores) by which to set and 
fasten the work, the marked out linos alone must 
afford at first the means of setting by. This 
setting is a very important part of the duties 
of the turner and machinist. It may 1x5 stated 
at once that mere rule measurement is of little 
service, except for approximate preliminary 
adjustments. The pointed instruments usctl in 
lining out f.re also ernploycii to check the lines 
by when setting in the maehint^s — they are 
chiefly tlie scriber and compasses. Measurcmiint 
is taken from a true face on lathe or machine 
to the lines scribed on the work. After one 
face has been tooled that is generally, if 
practicable, utilistd as a means of resetting, 
when more than one setting is necscssary. In 
some cases a rough cut is taken on a surface before 
commencing the lining out, or the tooling proper, 
simply to provide a basis for operations. ’J’his 
might bo done on the foot A, in 242. In any 
case, the selection of the portion to lie first 
tooled is not made at random, but with due con- 
sideration for the convenicnc5(5 or accuracy of 
subsequent operations. 

Checking Dimensions. During the pro- 
gress of the work in lathe or machine the scribed 
lines alone do not afford a sufiiciently ae(5urate 
guide for final finishing cuts. An actual line, 
unlike the mathematical line, has a v(*ry sensible 
thickness, and working to one margin or the other 
of it might easily make two or three thousandths 
of an inch difference, and one-thousandth is 
too coarse a limit for much machined work. 
Here, then, the calipers and gauges come in, 
where the sense of contact is much more exact 
and fine than that of the appreciation of a line. 
Generally in tooling, the lines are supposed to hc5 
just oblit/crated, and only the margins of centre 
pops are left. If a man cuts too deeply, and 
then smudges the surface over, or bores a hole 
eccentrwally, it is impossible to charge him 
certainly with error, and blame may Ixi thrown 
on the lincr-out. Hence the rcfuson why, in some 
cases, another lino is struck outside thi5 actual 
one, which becomes a witne-ss line, remaining 
after the tooling has Ixx^n done, as in 242, d. 

There is a practice to be noted later which is 
always growing, to the displacement of the 
necessity for marking out. It is that of tem.'pleting 
and jig making. There is also the practice of the 
automatic machines, to which we return in the 
next article. 

Lathe Work. If we now look about 
the shop in order t6 sec how best to tool a 


given piece of work we find tliat machines may 
be very roughly classified according to their 
methods of operation. Lathes, for instance, are 
designed for producing circular forms by the 
rotation of the work against the rigid cutting 
tool [247]. And they are equally adapted for 
producing external surfaces — turning ^ as at A, 
or internal— 6ortn^ lus at B. But if the 'tool, 
instead of feeing operated in lh(5 longitudinal 
axis of the lathe, he worked perpendicularly 
thereto, as at C, against a rotating piec5e, a plane 
surface will 1x3 produced, facing. So here is a 
machine tool that will produce in a perfectly 
legitimate manner plane and circular forms. 

The general idea of a lathe is one the axis 
of which is horizontal. But there is a group 
that has grown rapidly of late years, the verticjid 
lathe, in wliieh the axis of revolution is vertical, 
llio advantagt5s of its use are vtu'y great in 
heavy work, and in light work, for operating 
on detaeh(5d segmental pieces as well as on 
large cylindrical ones. An important function 
of these matjhinos has given an alternative name 
to them, boring millffy or the boring and turning 
mills. So that here [248], tis in the c!ommon 
horizontal lathes, we have the functions of 
boring (A) and turning (B) combined, in which 
also facing (C) is included. 

Work of the Drilling Machines. 
It is not a far cry from the v('rtical boring mills 
to the vertical drilling and boring machines. 
And as we have liorizontal and vertical lathes, 
so we have also horizontal and vertical drilling 
and boring machines. 'Fliis is one illustration 
among others of the overlapping of machine 
tool types. Drilling and bearing <lifTer mainly 
in dimensions. A small )iol(5 is drilled, or 
any hole is initiated by drilling [249]. A hole 
of fair diiTKiiisions is bored, or is enlargt'd by 
boring [250J, or by reamoring [261]. Both have 
thc5 rotary motion in common with the lathe, but 
in the drills and boring machines the tool rotat(5s 
and the work is stationary. Yet the results 
achieved are identical. And the boring machines 
can be used for turning shallow bosses, bossing 
[252], and for facing, arboring [253], by which 
their utilities are extended. It is clear, therefore, 
that since identical functions can be [H‘rformed 
in either group of mac^hiiies, the question of 
sending work to one or the other is not one 
of necessity, but of convenience ; such as the 
climensions of a piece, the relations of the 
different surfaces, or the question of one or more 
settings, etc. 

Reciprocating Machines. In this 
great group of machines, of which the plancjrs, 
shapers, slotters, and keyway cutt<5rs are the 
leading representatives, wo have an immense 
variety in design and dimensions. The feature 
common to all is the linear, and to-and-fro 
movements of either the work or the tool. Often 
it is one, oftc'ii it is the other, that is reciprocated. 
The results productjd are plane surfaces in hori- 
zontal. vertical, or angular planes. But in the 
shapers and slotters there are other provisions 
by means of which the work is rotated in relation 
to the lineally- moving tool, so producing circles 
and circular arcs. 8o that here also some of tbo 
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work of the lathe may be appropriated, just 
as the lathe, when used in producing plane sur- 
faces in facing operations, takes some of the work 
of the reciprocating tools. 

All the machine tools in the groups already 
mentioned have one feature in common, the 
employment of cutting tools having narrow 
cutting edges. The obvious result is that a 
movement of traverse at right angles to the 
length of cut must be imparted either to the 
tool or to the work ; it does not matter which, tia 
far as results are concerned. 

Milling and Grinding Machines, 
lint there are now two other largo groups of 
machine tools, of very great and growing im- 
portance, .which have little in common with the 
others that employ narrow, single-cutting edge.s — 
so far as design and method of ofx^ration are 
concerned; yet they produce similar results. 
Tlicse are the milliurf and grinding machines. 


being out with single-edged tools, cranked, as 
in 2 I 5 . In the planer, the table carrying the 
work moves, as in 265 ; in the shaper the 
tool moves, and the work is stationary. 
Figs. 256 and 257 show the same piece of 
work laid on the table of a slotting machine, 
in which the tool A has a reciprocating move- 
ment in the vertical direction. Another tool 
with square edges would bo inserted for 
rutting the inside shoulders that form the 
seating for the cap. Figs. 258 and 259 show how 
precisely the same results are obtained by the 
use of rotating milling cutters. The top faces 
are done equally well with an end mill like A, or 
an edge mill like B. The end mill is the more 
suitahUi for cutting down the shoulders, though 
the edge mill can be used if provided with teeth 
at the ends. 

Bossing. Fig. 260 shows a bossed end 
rigged up on the cone mandi’el of a shaping 
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Tlicrc^ is scarcely any operation done in lathe, 
drill, boring machine, planer, shaper, or slotter 
that is not also done legitimately oil miller and 
grinder. Many of these machines arc modelled 
so closely on the lines of the tools prevk»usly 
mentioned that tliey might well be mistaken 
for such at a casual glance. Tliere arc hori- 
zontal and vertical grinders, much like horizontal 
lathes, and vertical boring mills. Reciprocating 
grinders are built similarly to planing machines 
and shapers. Each is regularly doing similar 
work. Cylinder bores, as well as external 
cylinders, are milled, or ground ; plane surfaces 
aic al«o mibcl, and ground, besides other opera- 
tions whif h wo have yet to consider. 

Alternatives. Figs. 254 to 263 illustrate 
a few alternatives ; 254 and 255 show a pluromer 
block on the table of a planer or shaper, and 


machine, a rotary feed being imparted to the 
arbor — made conically to centre the work by 
its bore — as iudioated by the dotted outline. 
After each cut, a portion of a turn is given. 
The tool reciprocates simply, but the result is a 
circular lx>.ss proiiuced as truly as though done 
in the lathe, but with the advantage that the 
movement can Ih) arrested at the precise loca- 
tion where the round boss merges into the straight 
bar. But, of course, a complete circular boss may 
be produced in the shaping machine if such were 
necessary. Figs. 261 and 262 illustrate the same 
work mounted on a slotting machine. But in 
this case a rotary movement is imparted to the 
machine table, the centre of which coincides 
with the axis of the boss being tooled. Both in 
shaper and slotter the straight portion of the Imr 
may be tooled at the same setting by throwing 
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otti the circular feed and substituting the 
longitudinal. In this resj^ct the shapers and 
Blotters have a wider utility than the planing 
machine, in which no provision exists for 
combinations of straight with circular tooling. 

Still taking the same example, the circular- 
ended lever [263] shows how the same results 
are obtained with a milling cutter operated 
in a vertical spindle machine. The same circular 
and lineal movements are imparted to the work 
through the medium of the tabic slides, and an 
edge mill — like B in 259, but with its axis set 
vertically — indicated in 263 in various positions, 
produces the required outline. It is possible 
also to obtain similar results by grinding wheels ; 
but tins, and the further consideration of milling 
operations, will be found in the next article. 
In the meantime, there are other matters sug- 
gested or illustrated by thc'sc drawings to 
which reference must bc^ made here. 

Horizontal and Vertical Arrange- 
ments. The difference between the horizontal 
furangement in 247 and the vertical in 248 
to 253 should be noted. Fig. 247 is the lathe 
design, and, but for tlu^ fact that lathes arc 
used as much or mon^ for turning long picci'S 
supported between centres as for short pi(*ccs, 
there is little doubt that most faca work, as that 
in 247 is termed, would be relegated to the 
vertical machine [248]. The full advantages of 
the latter are not apf)arent in tlu*. example 
shown; yet it is clear that the horizontal table 
F affords better facilities for setting and centring 
work upon than docs the vortical face plat(% 
or chuck, F, in 247. In this the piece lias to be 
held or slung while setting ; in 248 it is simply 
laid on 'the plate. And if, instead of a single 
piece, a number of segmental objects had to 1)0 
arranged requiring arcs of a circle to be turned 
on each, then the awkwardness of setting them in 
247 is obvious. More than this, the borings fall 
away at once downwards in 248 througli tlu*. 
hole in the tabic, while in 247 they lie in the 
bottom of the bore, and have to be cU^ared out 
from time to time. Very often work is bored 
only in 248, and subsequently recliucked in 
247 for turning ; this is frequently done with 
pulleys and other large objects. 

In the drilling machines tlie vertical spiiidh' 
j).rrangement predominates vastly over the 
horizontal. The latter are practically (’oufined 
to special machines for pipes and similar work, 
where the length is too great to be bandied 
conveniently in a vertical position. 

Horix.'ontal and Vertical Cutting. 
Tn the reciprocating group of tools the hori- 
zontal traverse of the cut is mostly adopU^d 
[255 and 260]. There are several reasons for 
this, but the principal one is that it would 
be practically impossible to tool vertical faces 
of considerabler length unless the entire tool 
carriage were travelled bodily on a continuous 
guide — ^unlike the shaper and slottor rams, 
which overhang. This is done in the vertical 
planers, but they are built for special rather 
than general utilities. Hence the use of the 
slotting tool [267 and 262] is generally restricted, 
like that of the i^a^r, to maximum strokes 


of from 16 to 24 in., while the planer tools [255], 
being fixed and supported in a rigid tool-box, 
with constant overhang, operate over lengths 
of 30 or 40 ft., or more in special cases. 

Movement of Tool or WorK. Another 
point which invites attention is the alternative 
of moving the tool, or the work. It seems 
unnicehanical to travel a ma.ssivo machine 
table, often weighing some tons, with its work, 
under a tool [255] which, with its carriage and 
cross-rail, may weigh lcs.s than a ton. Fx- 
periments have proved that by far the largest 
arnoimt of power taken by planing machines 
i.s absorbed by the movements of the tabic, 
and scarcely anything in the actual cutting. 
Yet the convenu‘iU‘C and stability of the arrange- 
ment ensure its retention. For some excep- 
tionally massive work, machine's are built in 
which the tool with its cross-slide and housings 
trav'ol over a stationary Is'd. The side planers, 
in which the tot)l is traversed over lix»'d work, 
arc largely emy)l()yed, but they have limitations 
in respect of overhang of the tool-arm, as in 
shapers, but in a less {)ronouncod degren'. 8mall 
portable planers fill a useful place ; but, with 
these exceptions, the moving work and the 
fixed tool is the rule in by far the largest number 
of planing machines in use. 

The distinctive charaeteristies of the tools 
shown here and in. subsequent articles will be- 
treated in the course on 'rools, but their rigidity, 
and the difh'rcnces in tlu^ forms of their cutting 
edges, may Ix) noted here. 

Choice of Machines. The question now 
naturally arises: why substitute the work of 
one group of macibines for that- of another, 
if the results arc^ alike The w«)rk of a 
milling cutter or a grinding wheel, for example, 
for that of a sirigle-('dged tool ? These (lues- 
tions will bo answered at k'ngth in Tools 
and Machine Tools. It is sufficient here to 
point out that tlu' advantages in some ra.scs a.ro 
unquestionabk' and great, in others the balance 
is nearly <^ven ; and that f hese questions can bo 
considered and answ<Ted fully only in relation to 
the. special and individual piece of work in ])and, 
the particular machines available in a shoj) for 
doing il-, and, as important as either, the system 
of manufacture cairi(xl on in a given shop, 
whether the fiUhuf^ or asscwblimj, the general 
or the interc hang cable, f)f which more later. Jn 
s|M'a.king of a type of machine, it mu.si always 
Ix^ reinembt'ied that the type generally includes 
some scores of sub-types and .sizes. Th(3 latlui 
does, the planer does, so do the milling machine 
and the grinding macfiine. And although wo 
have not yet mentioned them, so do the gear 
cuHer.'t, which an' divisible into grouj)s, using 
either reeij)rocating or rotary cutters. So that 
to call a machine a lathe, a planer, a grinder, 
a gear cutter, would convey but the baldest 
ideas, and would be of no real use to the operative 
in the shops, without naming the cla.ss and 
capacity of the machine in question. 

Multiplication of Tools. Nor have 
we said anything yet of another very potent 
element in economical production — that of 
utilising several tools in one machine. The 
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single-tool machine is just a step in advance 
of the single tool once held in the hand of the 
craftsman, and then put into a machine and 
back(xl up by the power of an engine. Whit- 
worth made a daring innovation when he 
substituted two tools for one in the lathe. Now 
many lathes have four, some six, a few as 
many as eight, cutting sim\iltanex)usly. But 
the laUio does not lend itself so readily to 
simultaneous cutting as do some other machines. 
Drilling machines will make from half a dozen 
to forty holes or more simultaneously, so will 
some punching machines. Many planing and 
slotting machines take two cuts or more at 
once, and many planers cut on both strokes. 
But the principle of multiple tools is seen in 
its highe.st development in the turret lathes 
and automatic screw machines, where, though 
two tools sometimes operate simultaneously, 
the princip.al featun^ is the succemive operation 
of several tools on a single piece of work. The 
turret lathe owes its value to the fact that 
all the tools required for a cycle of operation 
on one piece, or oftem on two or more pieces, 
are iixed, and set once for all in the turret, 
and cross slide. When once set they will 
operate on hundreds of .similar pieces without 
stopping for (iheck or measurement, and until 
the tools requitv) to Ikj reground or sharpened. 
The correct dimensions of. the work are em- 
bodied in the tools, and in their fixing up in the 
turret, and cross slide ; and stops take charge 
of the termination of each single opiTation in 
the cycle, and at the right instant. In the 
most highly developt^d turret latinos — the auto- 
matics — no att<‘.ndan(;o is necessary beyond that 
of supplying the machines with stock. 

Enough has been said to show that the work 
of the machine shops and turnery, in which the 
parts of mechanisms are cut find ground to 
precise shapes and dimensions, is a subject 
which nuw well exercise the highest taUuits of 
the .skilleci mechanic in charge. While there 
are some kinds of work which may be done 
in several different ways, in others the con- 
ditions arc siKjh that no doubt exists as to the 
best machine on which to do them. 

Fixing Work. We now go a stage further, 
and find that the actual work of cutting is not 
the only thing which has to be (jonsidered in 
the shops. Everything, whether casting or 
forging, heavy or light, has to be fixed firmly in 
some way, in order to enable it to endure the 
stress 01 cutting without becoming shifted 
from its place. This question alone in some 
cases dett?rmines upon what machine a given 
piece of work shall bo put, and that again must 
depend frequently, not on what is the In'st 
machine for the purpose, but the best which 
happens to be available. Out of this arises 
the problem of makeshifts, common enough 
to all shops hampered with badly - selected 
machines — makeshift which often exercise the 
ingenuity of the men in charge much more 
than the regular fixing do. 

The work of fixing is facilitated by the plain 
slots, or tlie grooves of tee section, which are 
formed in all the ordinary tables of machine 


tools, and the face plates of lathes. ^ The slots, 
or grooves of tee section, receive bolts having 
heads of corresponding shape, by which the 
work is secured. The bolts may be tightened 
on the faces of the work or on broad washer 
plates placed on the work, or in some form 
or other of special clamping plates, which are 
very varied, to suit different jobs. Very 
often a piece of work is of a shape that will 
not permit it to bo bolted directly to a face 
plate or to a machine table. It is then generally 
held by an angle, plate, Ibis is an intermediate 
fixture having two faces at right angles, against 
one of which the piece of work is bolted, and the 
other face is bolted to the plate or table. 

Again, there are many jobs which cannot be 
clamped directly in opposition either to table 
or angle plate, but which have to be held by 
lateral pressure, or clamping screws, or dogs, 
leaving facies absolutely clear of clamping 
arrangemimts. Outside of these, again, is a 
large volume of work for which special fixtures, 
more; or less elaborate, are designed for holding 
a cc'Ttain kind of work only. 

In liolding work, though security is absolutely 
necessary, there is an evil to be guarded against 
which is very common — tliat of exercising too 
great pressure without affording adequate 
opposing supf)oi‘t. All metal is sensibly elastic, 
and if fastened down in too rigid a manner it 
will become bemi, and, springing back when 
released, the surface tooled will not then be 
true. 

Packings. It is, therefore, always essential 
when clamping down is being done to be sure 
that the work is supported in opposition to the 
clamping bolts. I’his is the reason why packings 
arc inserted where the work does not touch 
the table, and why bolts are inserted close to 
packings, or to metal in contact with the table. 
Through neglect of these precautions castings 
have been broken, and castings and forgings 
bent and spoiled. 

Examples of Fixings. The turner is 
well provided with means for holding work 
in the various chucks which are fitted to the 
mandrel no.se, and which will be illustrated in 
the description of the Lathe. In 247 the piece 
of work is being held in the common jaws, 1), of 
the four-jaw chuck, which may be independent, 
or self-centring. Similar chucks are used oA 
vertical ]athe.s, but 248 shows damping plates 
D, which arc pulled down tightly by bolts, 
both on the flange of the piece of work and on 
the packings, E, which are either of metal, as 
shown, or of timber. The object of packing 
up is to support the clamping plates level with 
the top of the face being held down. The bolts . 
which .seciu*o the clamps usually have square 
or t-ee-shaped heads to fit in tee grooves on 
the machine tables, because ' ordinary bolts 
cannot usually be pushed up through the 
tables. Two such bolts are shown in 249 in 
their grooves ; and others occur in 254, 258, and 
262 ; the method of clamping is similar to that 
in 248. But it will be noted that the packing 
pieces in 249 are very deep, owing to the necessity 
of packing up the piece of work on a ring. A, to 
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permit the drillto pass through without fouling the kinds. These ])roblems, which present many 

table. The same device occurs in 250, but here the alternatives, loom largo in any shop system 

clamping pieces ai’e cranked ; this method is often where due regard is had to economies. W(5 have 

adopted to keep the nuts low down when they setm that similar results can be obtained on 

might 1)0 in the way of tools, as in 252. In 258 ditTerent kinds of machines, and of this fact 

and 259 the ciani})ing plates are bent in ord(?r to full advantage is taken in modern works by 

avoid the necessity of using packings at all, but changing work as little as ])ossible from one 

these have to be .stocked in various depths to machine to another ; which (^hanging is, of course, 

acoommodate differing thicknesses of work. In expensive, because it occupies tinns and often 

256 and 257 U- clamps are em})loycd, made by tbe use of lifting and conv(‘ying tackle. 'This is 

bending a piece of flat bar. Tiio advantage is especially so in ma.ssive work ; lu*nce the tendency 

that they can be slid along, instead of being has long been to design machines to carry 

confined to one position by the drilling of a bolt through several operations on heavy pieces with* 

hole. In 257 and 262 the work is packed up to out retixing them. 'I'hus, for example*, this ]>ro- 

jxjrmit the slotting tool to go past it, completing vision is combined in a single machine for drilling, 

the cut, just as packings were inserted und(*r boring, and screwing ; or for ])laning, milling, 

240 and 250 to permit the drill and boring tool and drilling. 

respectively to clear through. The clamp in 261 In a much larger number of oas(*s tin* firo- 
and 262 (A) is a plain plate, with bolts passing vision madci is for the simultaneous operation 

down each side of the work, packings being of several cutting tools of)era,ting on ditTerent 

therefore unnecessary. Packing is only used portions t>f a piece of work, by which the necessity 

if the plate be V(‘ry thin. The plate at B in the for relixing it is avoided, as in the turret lathe 

same figure is in the form of a disc, through which just instanced. Tlius, a planing or a milling 

a single bolt passes. machine will ofU-n be (Mitt ing on three faces at 

The Question of RefIxing. 01o.sely once - the top and two sides. In a few cases 

■related to the methods of fastening work is that ends, us well as sid(*s, can be planed without 

of tooling the ditTerent parts of a single piece shifting the work. Drilling machines are made 

without refixing, or with the minimum of re- capable of drilling many holes simultaneously, 

fixing. Related to this again is the question of and sometimes in different planes— as vertical 

performing all operations on one machine, or of and horizontal. Boring machines are made for 

dividing them between machines of different boring two cylinders combined in one casting 
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at once; gear-cutting machines for cutting 
more than one tooth at once. In each case the 
object attained is twofold — to avoid or lessen 
the number of resettings, and to increase the 
number of tools cutting at one time. 

Accuracy of Related Parts. A closer 
approach to accurate results is generally ob- 
tainable when work is nqt refixed than when 
its position is changed on the same or on 
different machines. To take a familiar example : 
An engine cylinder [242] is bored, and its flanges, 
DD, faced at the same fixing. Iliis ensures the 
faced ends standing at exact right angles with the 
axis and bore of the cylinder, because the revo- 
lution of the boring bar around its axis is made 
the means both for boring and facing. Often 
also the outer edges of the flanges are turned 
by the same agent, and at the same setting, so 
ensuring their concentricity with the bore. The 
feet. A, and valve port faces, B, and exhaust flange, 
C, have to Ik^ done on a separate machine — the 
planer, or milling machine. In these cases, though 
there is the lining out to work by, the existing is 
always set eind cheeked on the ma<!hine table 
by the portion already tooled — namely, by the 
bore, and ends of the flanges. And whenever a 
piece of work has to be removed from one 
machine to another, precautions of this kind are 
taken. Thus, many wheels are bored on one 
machine and turned on another. .Then, Uie 
boring being done first, the wheel is chucked by 
that on a mandrel, and the bore being run 
truly, the turning is bound to be concentric 
with it. 

Machine Capacities. A matter of which 
oonstant note has to be taken is that of the 
capacities of machines. Generally, a piece of 
work is put on a machine of dimensions most 
suitable to receive it. Thus, long pieces with 
plane faces go on the planer, or piano-milling 
machine, short ones on the shaper, or on the 
slotter. Tile reason is that the first-named are 
long-stroke machines, but the latter are always 
short ; and it does not pay to do short pieces on 
machines made for long strokes, because their 
proper capacity is not then utilised. But if a suffi- 
cient number of similar short pieces have to 
bo tooled, Uien it is often cheaper to put them 
on a long-stroke machine, arranged in series, and 
to tool the lot. Thus, several cylinders [242] 
or plummer blocks [254, 256, 258, and 259] might 
bo 80 treated. Further, the choice of a machine 
is often controlled by the shape as well as the 
dimensions of the work. Thus, a machine vice 
is frequently esstmtial, in others an angle plate 
is preferable to the fastening down with clamping 
bolts. Lathe work is taken to the lathe, the 
Kwing of which approaches mo.st nearly to the 
diameter of the work, or the length of which 
is suitable between centres. Big pieces go on 
big machines, and small articles on small 
machines. This is a matter for economy as well 


aa of convenience, because the capital cost of 
large machines and the charges for their use ore 
high, and it would not do to saddle small work 
with those charges. 

Exceptions to Broad Rules. But the 

machine shop manager must not be bound too 
tightly by these general rules. For the volume 
of work of a given kind fluctuates in all shops at 
certain times, so that it is not always possible 
for him to do just what ho would like. Big 
machines standing idle for seasons cause serious 
loss of income. In such eases, then, it is better 
to occupy them with some kind of work, even 
though that which is not, on the whole, the 
best suited to their capacity, than to lose money. 
But it is generally possible by the exercise of some 
foresight to tali a middle course. A planing 
machine, or a piano-miller of large capacity, 
though properly adaptable to long pieces of work, 
can be employed aa economically on a number of 
small pici<H‘a arranged in series, provided there 
be a sufficient number of pieces all alike. This 
is often done as alternative to putting the pieces 
singly on the short-stroke shaper, or slotter, 
and tooling each piece separatt?ly in these 
machines. Much work can alternatively be put 
on vertical lathes, preferably to horizontal. 
Division of work between two machines may be 
practised simply to lighten the tasks of some of 
those which arc glutted with work. The point is, 
that if the best possible economics arc not always 
obtainable, the best under the circumstances are 
made. 

Work of Unusual Shapes. Often the 
very awkward character of a piece of work settles 
the type of machine on which it is to be put. 
Thus, some castings and forgings lie beyond the 
capacity of an ordinary planing machine, being 
too wide to go between the liousings, or too higli 
to go under the cross rail. Then it is usual to rig 
up a makeshift suppUmumtary tool-post to plane 
the vertical faces in front of the housings. Sup- 
posing no other machines are available in the 
shop, this is the only device suitable. But a 
better method is to use either Uie wall planer or 
the side planer for such work, because neither of 
these have any obstructions to the dimensions of 
the work that can be placed in front of them 
There are a good many jobs of this kind, especi- 
ally in marine engine w^orks — pieces so massive 
that they occupy so large an area that no 
machine w'ould enclose them. The open-side 
machines are designed for such articles. But 
there is a growing rivalry to these in the small 
portable machines which arc taken to, and set 
down upon, or next the work, and driven through 
an electric cable. It is obvious, tlierefore, that 
the makeshift methods inevitable in some ma- 
chine shops are not necessary in those which are 
fully equipped with all kinds of modem tools, 
and that no proper critical comparison could bo 
made between the methods of the two. 


Continued 
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The Value of Metal Work in Vehicles. Various Tjrpes 

of Axles and their Details. Tools. Vehicle Fittings " 

^ routining from 


By H. J. BUTLER 


ALTHOUGH wo have scon that the vehicle is 
^ essentially a wooden structure, yet tliere is 
much metal work — notably iron and stei?! — 
in tho completed body and undiu’- carriage. In 
axles and their attachment to the body we sec 
how necessary it is that this branch of the work 
should be properly carried out, for the failure of 
these parts has often be(‘n the rcAsult of serious 
loss of life. 

In broughams and landaus is to be found 
a vital piece of metal work — the cdgeplale. 
Tho body in itself, out nearly in two at the door- 
way, requires to be spc^cially 8trengthene<l by a 
pi<K!e of ironwork, which is fixed edgeways insid(‘ 
along the main framing of the body. Tf one 
glances at a square landau body and imagines the 
doors taken away—for, being hinged, tht‘y are 
not an integral part of the body strutdiire — a 
cranked-shaped body is seen with a seat on each 
side helping to enlarge the opening independent 
of the strains of tlie driving boot and fore- 
carriage, and the weight of an open folding head. 

Motor-cars and railway rolling stock do not 
require this edge])late, as they are already sup- 
ported on a properly stnuigt honed frame, be it 
pressed steel or wood hitched with iron plates. 

Importance of Metal in Vehicles. 
In under-carriages both for road and rail there 
are many instances where the proper disposal of 
iron or steel is of paramount importance. 

The king bolt, ciuitix; pin, or |>ereh bolt, the 
plates of the bolster, transom, and axle-beds, 
the springs, whatever their typt; and fastenings, 
iho metal perch of a perch carriage, are 
instances where we expect to see the design and 
w'orkmansbii> carried out with safety as a first 
consideration. Apart from fhis, there , is the 
brake- w’ork, which in all vehicles is essentially 
an apparatus of metal. 

Then metal-working finds an outlet in the 
many interior and exterior fittings that make 
a convenient and useful e.onveyanee. Such tilings 
are step treads and tludr fixings, handles, loi'ks, 
and hinges, heating, lighting, and ventilating 
apparetus, sanitary fittings, and many other 
miscellaneous items, such as hat-jicgH and racks, 
and attachments for the convenience of smokcirs. 

The Motor Body Metal Shop. The 
coachbuildcr of to-day has a metal-w'ork shop 
besides the smith’s shop. The motor branch 
of tho trade is too young for anyone to have 
been apprenticed to it, the workmen being 
drawn from tho metal-working trades that 
already exist. In this shop the panels of 
tonneaus and phaetons are shaped by rolling 
and hand hammering, and such panels of a 
curved character in limousines and other bodies 
that do not lend themselves to bo constructed 


of mahogany. The brass edging and guai’ds 
of the long side. ste])s, the iiu'tal wings, sprocket 
covers, and number-plates are the particular 
items that arc eiif rusted to this ])art of thcj motor 
body builder’s sliop. Aluminium clianmO is 
sometimes used for the framework of a body 
in place of Euglisb ash, often the only w^ood- 
work being tlu^ framed si^at boards. Necessarily 
Ave must insert wooden trimming rails for the 
proper fastening of the squabbing. 

Metal Mouldings. Notonly an* the paru'ls 
of aluminium, but the moulding, generally 
lialf round in section, is of tlu* same material. 
Small bolts and screws are the medium for 
fixing tlu‘S4^ mouldings, and unlt'ss a ]ianel ean 
be finished off with a moulding into Avbieh 
screw and bolt heads can be countersunk, it 
is wisiT to resort to wood. A wooden panel can 
be pinned on ; but not so a metal on(\ which 
must be screwed, otherAvise Ave should bavti tho 
screw lu^ads showing after the job is [lainted. 

Sprocket Covers. The chain-driAM'n ear 
requires, in tho side entry type, a suitable pro- 
tection ovtT the greasy spro(‘ket wheel. A well- 
made coA’er is desigiu'd to harmonise Avith tlu^ 
bofly outline and provided Avith an inspection 
door w ith a ])roper handle working Avith a spi ing, 
and tlu5 whole is securely fastened to the bind 
Aving and long side stt‘p. 

Metal Wings. Mudguards of rolled steel 
Avith moulded edges an^ very much used on 
motor-ears, and arc better than bent wood, as 
they do not split, and, wlum firojierly sto\e- 
(*namelled, as they sliould be (noteoach-jiainted), 
tbc*y look almost as well, and liave none of the 
disadvantages of a patent leather wing stitched 
to a wrought- iron frame. 

Lamp Repairs. Tho metal-plate Avorkcr 
is generally quite ca])able of repairing any of 
the numerous typt's of motor dash and head 
lamps, and bis usefulness can lie exteiuhd to 
the repairing of leaky petrol tanks, altering engine 
bonnets and the construction of neat nuinbi r- 
platfjs, lengthening trumpets for speaking tubes, 
and many other little jobs beyond the provinei^ 
of the coaebsrnitli. 

Axles. In most anirnal-drawn road vebieU'S 
the axle is stationary [50-54], but in railway 
work w'o find tho axle or journal box fixed 
through the medium of the springs and other 
immediate fittings to the body, the axle arm 
and Ixjd revolving. 

In carriages aiul vans avc find the springs con- 
necting the body and axles direct, Avhile tho axle- 
box revolves with tho Avheel round the arm. 
The revolving railway axle is sometimes utilised 
to generate electricity for the lighting of the 
superimposed body. 
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Axle Types and Materials. Axles 
may be of wrought iron or steel, solid or hollow, 
and are of different patterns, such as straight, 
cranked, swept, and of varying sections, round 
and square being the most common. 

We find railway oar and tram wheels 
forced on by hydraulic power, while in road 
vehicles wo find a retaining pin, nut, or series of 
nuts preventing the wheel from leaving the arm. 
Wrought-iron railway axles, according to the 
Master Car Builders’ Association of America, 
must bo of double -W'orked, fagoted scrap, 16 per 
cent, of new bar iron worked into the centre being 
allowed if desired. These axles must also be well 
hammered and free from oj)en seams, holes, 
pieces shelled out, or similar flaws. Under the 
same code, steel axles have their (!OiniK)sition 
defined, carbon being set down at 0*4 per cent. 
Both varieties are subjected to a physical test 
as to their strength in proportion to size, while 
steel axles are also subject to chemical analysis. 

An axle made from a bloom consists in bind- 
ing together by wires selected scrap (old bolts 
being well suited), bringing it to a w'c'lding heat, 
and then shaping it under a steam hammer. 



60. SECTION OF A STOCK AND AXLE-BOX, KEVEALINO 
THE AKM OF A MAIL AXLE 

After hammering, the mtiss is drawn out into a 
band, reheated, and forged into shape with 
swells that may be worked up into the collar 
and Hap. A fagoted axle consists of a number 
of small bars, welded together longitudinally. 

Sixes of Axles. An axle journal support- 
ing a 60- ton freight car — an American ton is 
equal to 20 cwt. of 100 lb. (;aeh — is in. in 
diameter by 10 in. long, but it must not bo for- 
gotten that tho weight, being mounted on trucks, 
is distributed over four axles. An English 
22-ft. cattle waggon with drover’s compartment 
would have in most instances a journal 4 in. by 
10 in. 

Taking tho fixed axle, pony vehicles arc 
mounted on an axle of 1 in. diameter, the axles 
of broughams and landaus average IJ in. and 
1| in., while a drag needs a 2-in. axle to sup- 
port its heavier load. Vans are fitted with 
drab»:le arms according to the weight carried. 

A to.*! l:eqn--ed a IJ-in. drabble, while 6 tons 
tLids the diameter increased to 2} in. 

The tram and railway axle is distinctive, owing 
to Hb plainness. After leaving the wheel bearing, 


these axles are tapered down towards the centre. 
A 6-in. journal will have a 6J-in. wheel bearing 
with C|-in. collar and a taper to 4| in. at the 
centre of the bed of the axle. 

In stationary types there are the Collinge, mail, 
and common axle; drabble arms come under 
the last heading. 

The Collinge Axle. Tho Collinge axle 
[61-63], which predominates in private cariiagts 
and light four-wheeled vans carrying from 10 to 
15 cwt., was invented in 1787, and is still tho 
best carriage axle. Its special features are tho 
presence of the left and right-handed nuts and 
collet found on the extremity of the arm, and the 
heiul of the box which tits into the collar. Tlio 
arm is always crylindrical and not conical, and 
has an oil groove running along the length of 
the arm from the collet for about three-quarters 
of its length. M'his groove is for the purpose of 
retaining a quantity of oil at the top of tho arm 
while the wheel is "revolving. Tho last inch or 
so of the aim, as it approaches the collar, is 
swelled out somewhat larger, and is known as 
the cone. Around this is another oil groove, 
which lubricates the arm at the collar, and is 
kept supplied from the reservoir in the 
head of th(5 box. The nuts and collet 
are usually of gun metal. After removing 
the brass axle -cap, which is an ornament, 
lubricator, and dust excluder combined, 
wo tind a split pin, which is 
a safeguard, and not a means 
of retaining the wheel under 
normal circumstances. Then 
we find tho left-handed nut 
locked to the right-hand<^d 
nut, which in its turn bears 
against the collet. Tho gun- 
metal collet bears upon the 
flange of the iron axle-box, 
and, as they are dissimilar 
metals, friction is to some 
extent ixjduced. The collet 
is prevented from turning 
by having its centre cut out flat on one side, the 
arm being similarly finished to receive it. The 
axle-collars and the flaps for attaching the 
springs are of superior strength when forged 
in the solid with the rest of tho axle. 

Parts of Collinge Axle. Tho parts of 
the Collinge axle as illustrated [61-63] aro as 
follow : 

51. COLI.INQE PATENT AXLE, WITH SECTION 
THROUGH STOCK AND AXLE-BOX 




A. Ann 
H. (^one 

C. (dollar 

D. B<hI 

K. Flap 

F. Spring clip 

G. Spring block 

H. Bottom half of ellip- 

tic spring 

J. Spring head 

K. Stock 

L. Spoke 

M. Axle-box 

N. Head of axle-box 

O. Washer (leather) 


P. Washer (leather) 

Q. Axle -cap 

R. Collet" 

S. Right-handed nut 

T. Left-lianded nut. 

U. Split pin 

V. Front stock hoop 

W. Hind stock hoop 
X-X'. Centro line of 

arm 

Y-Yh Centro line of axle- 
bed 

Z. Oil reservoir in head 
of box 
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62. TOP VIEW OF ARM WITH SECTION THROUGH 
COLLAR 

A. Flat beaririR for collet D. Kight-handeii iiut 

and allowing of its bearing 

aanage ptiat right* K. Loft-hundod nut boar- 
andod nut bearing ing 

B. Oil groove F. Hole for split pin 

C. Collet bearing G. Section of collar 

53. NUTS AND COLLETS OP THE COLIJNCE AXLE 

A. Back of left-handed E. Front of right-handed 

nut nut 

B. Front of left-handed F. Side of right-handed 

nut 

0. Side of left-handed nut G. Back of collet 

D. Back of riglit-handed H. Front of collet 

nut .1. Side of <‘ollet 

Fig. 54 is a diagram showing how the hod of tho. 
axlo is thrown up in order to bring tho arm into 
lino when on the lath^. 


O. Leather waahor M. Front .stock hoop 

H. Axle-box N. Hind stock hoop 

J. Cap O-P. (^Mitre line of axlo- 

K. Long bolt (I of ‘A) re- bed 

taining wheel Q-K. Outre line of iixle- 

K*-K‘A Centro lino of arm 

other two long bolts S. Leather washer 

L. Stock T. Leather washer 

The Common Axle, "rhe (common axle of 
the wheelwright has no f)artioiilar feaiurtj, tus it 
follow's both the (^ollingo and mail patterns. It 
always has a nut and pin, and is m^ver secured by 
long bolts, ^riie box fits both over and into the 
collar, according to the varitdy. The arm is 
generally conical. Tlui axle -cap may screw 
into or over the end of the box. Sometimes 
a single nut provided with a flange, which adds 
to it the functions of a col let., is used. Tho drahbh, 
is tised lUH an arm or hh a compU'te axle. The 



DETAILS OF COLLING E AXLE 
( For details see te\ 


The Mail Axle. ^Fho mail axle [50] is the 
type used in sporting and heavy (carriages, and 
also in fire-engin(*s, carts, and light vans. In 
the event of the arm breaking in front of the 
collar, the wheel is retained by the three or four 
long bolts which pass from behind the collar to 
the front of the stock, and form the most striking 
feature of tliis class of axle. I’he heiid of the 
axle-box fits over the collar and not irUo^ as in 
tho ease of tho Collingo ; also the end of the arm is 
quite plain, as the duty of the nuts in tlio Collinge 
is here relegated to tho long bolts. Tlie same 
cone and oil grooves may bo noted, and the arm 
is also cylindrical. 

The details of the axle shown in 50 are as follow : 

A. Axle-arm E. Oil groove in collar 

B. Cono F, Hind washer plate 

C. Oil groove in cone (split to slip on) 

D. Collar 


two arms, and sometimes the arms and theii 
bed, are fixcul to a wooden l)ed. 'Pile (‘ommon 
axle has a conical arm, and the Cotter-pin is 
often placed through the nut. It find.s favour 
in all classes of vans. 

AcKermann Axles. The Aekerrnann axle 
is a form of axh‘ in which the; carriage is turned 
by means of a f)ivot behind tlie collars on th(3 
front axle, giving the advantages of a low 
hanging body easy to cm ter. It also yirovides a 
means of .steeling a motor-ear in which the 
engine) occupies a very accessible ixjsition, which 
otherwise would he taken up by a wheel-house 
or arcli. Discarded by the coachbuilder, the 
motor engineer saw in it a most useful component 
part of his under-carriage. A live axlo in an 
automobile is one connected to the motive 
power at one end and the driving road wheels 
at the other. It generally rotates in an outer 
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casing to which the springs, and consequently 
the motor body, are fixed. Ball bearings are 
used in carriage axles, but especially in motor- 
car work and in cycles. Leather washcm of 
best washer butts only are used to prevent 
vibration and escajie of oil, and to minimise the 
wear at the bearings. 

Manufacture of Axles. The manufac- 
ture of a Collinge axle will indicate the processes 
adopted in other types. 

Carriage axles arc mjKlc in luil vc^s and afterwards 
welded or shut up to the required length. After 
being formed either from the bloom t)r fagoted, 
the arms are pitched to correspond approximately 
with the dish of the wheel. 'J’Ik*- arm is turned 
in the lathe, a process which nec(‘ssitatos turning 
up the end of the bed to counteract the pitch of 
the arm [ 54 ]. The ends are then screwed for the 
left and right handed nuts and the bearing formed 
for the collet. The case-hardening is then pro- 
ceeded with, and, when finished, the case-hardened 
surface should suffer no impn'ssion from a new 
file. After being subjected to a heat for five or 
six hours, the iron box used in the funiace is 
removed and the arm plunged into clean cold 
salt waU'.r, then takim out and allowed to <*ool 
thoroughly. The arm is again ]jut into the 
lathe and polished with oil and enu'ry. The in- 
terior surface of the axlc-hox, having been case- 
hardened, has to be ground on, the arm being 
damped with oil and emery for that purpose. 



64 . AXLE BENT FOR TUUNINO IN LATHE 

The grinding is gradual in the direction of the 
length of the arm, and the operation is ctTcctod 
from the collet bearing towards the collar. The 
screwed ends arc “let down” — t.c., softened by 
heating — and the holes arc drilled for the split 
pin, and for the clip.s in the flaps. The w'liole is 
fitted up and lubricated, and the box revolved 
round the arm at a higher rate of speed than it 
would attain in actual practice, and after a 
severe test it is taken apart and examined to see 
if any undue friction has been set up in any part. 

The manufacture of an axle-box is very 
similar, especially in the finishing processes. 
The cast-iron variety is made by pouring hema- 
tite into sand moulds with cores of dried loam. 

A good axle lubricant must endure friction 
without change of form, and should not possess 
any oeid reaction. It must not thicken and, 
if a grease, must liquefy easily. 

Journal Boxes. The journal or axle-box 
is made of cast iron, although ca>it steel is being 
introduced with some success. Wrought iron in 
this capacity has been found too expensive. 

This box encloses the arm or journal of the 
axle, and, what is very important, contains the 
lubricating medium, Grease has l)ecn largely 
used in railway work, but in the new types and in 
passenger carriages both on road and rail oil 
fabrication is widely adopted, and is found more 

9328 


Springs. We have noticed the varietieB 
of springs under the heading of Under-carriagM. 
Some types of Army vehicles have no springs, 
owing to field conditions of aetive service, 
while others have springs only under the driving- 
seat. This latter form of suspension is seen in 
cycles also. Pneumatic tyres greatly aid in 
destroying vibration, while in some forms of 
trucks, as, for instance, wheelbarrows and sack 
trucks, the size and nature of the conveyance 
makes the provision of a shock-absorbing 
medium unnecessary. 

All types of springs may bo said to have 
evolved from the elbow spring, although some 
may regard this as too brotul a statement. 

Elbow Springs. CVrtainly the elbow 
spring was the first type used in carriages. It 
is a laminated spring, the shape of half an archer’s 
bow laid horizontally. It htus the load at one end 
and the support at the other. It is now seldom 
used alone in carriages. The front attachment 
of the body to the shafts in a Tilbury gig is, 
however, an example. Milk perambulators are 
often hung on two elbow sjirings. 

In combination, it is a part of the hind sus- 
pension of the Tilbury and of a mail phaeton, 
wh(^re it connects the body with a bind cross 
spring, and in other four-whoeUd carriages it 
is at tached to the pump-handles at one end and 
at the other to the end of a side spring, which 
is shac^kled to a cross spring. The combination 
of an <?lbow and side spring is called a three- 
quarter elliptic— a type favoured in some of the 
1900 motor chassis. 

Side Springs. In the shape of the entire 
archer’s bow, we have the side spring, which 
generally has the weight at each end and the 
support on the axle flap in the centre. A side 
spring as it plays under the load increases the 
distimce between the spring eyes measured in a 
straight 1 im^. Therefore, we must not fix both ends 
rigidly. For this reason a shackle is fitted which 
allows of the necessary working, and it should 
be attached so that, when the vehicle is weighted 
with its maximum load, the straight line <&awn 
through the shackle centres shall not bo beyond 
the vertical. The side spring is largely used 
in the front and hind suspension of automobiles, 
medium and heavy vans, two -wheeled carriages, 
and in the hind suspension of some four-wheeled 
carriages, such as waggonettes, brakes, and 
omnibuses, where there is a comparatively heavy 
direct load above the hind axle. 

It is a type at present predominating in 
British railway rolling stock, and is seen under 
many kinds of barrows and trucks, such as 
deliveiy carts, ice-cream and bakers’ barrows, 
-and tricycle carriers. 

Elliptic Springs. The invention of the 
elliptic spring by Elliott, in 1805, provided an 
easy and cheap mode of hanging the body, 
although it cannot be considered an improve- 
ment on the C spring. Its commercial success 
was, however, at once assured by the saving of 
weight and cost. It is to be found both in 
English and foreign railway bogie trucks, in the 
front suspension of light vans, less seldom in the 
hind suspension, and in most four-wheeled 
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carriages, espwially in the fore>carriage. The 
gears of the light American carriages are made 
up with this shape of spring, and are placed 
either parallel or transversely to the length of 
the body. 

Being more costly than the side spring, it 
does not find so much favour in trucks and hand- 
carts, although corn chandlers' barrows and 
invalid chairs are instances whore it is often 
fitted. The elliptic spring is sometimes used in 
two-wheeled carts, and it is the typo adopted 
under the driving-seat of Army waggons. In 
all the coses enumerated, it will be seen that the 
load is directly over the support. 

C Springs. The C spring already noted in 
under-carriages has the same distribution of 
weight and support as the elbow spring, but 
differs in shape. The weight of the body on the 
braces tends to pull them inwards, and it is on 
the presence of these leather straps that the 
greater part of the case depends. 

Spring Manufacture. Springs arc made 
from a specially manufactured steel. Many 
are made by hand, but the use of machinery 
is on the increase. Spring steel must be strong, 
tenacious, and elastic. It must be ductile, so 
that the ends of the plates may be drawn out. 
We cannot put on the spring heads if the metal 
is not weldable, and the ability to be hardened 
and tempered is essential if a spring is to do its 
work properly. When broken, it should present 
an even texture, and must stand hammering 
without splitting. 

The dimensions of the spring being given — 
its length, the compass or distance out of the 
straight line, and the load it will have to bear — 
the smith, in cutting off his plates, has to allow 
in the baerk plate for upsetting or thickening the 
ends, in order that the heads may be put on. In 
the bottom back plate, which comes next, he 
rolls the eyes and fits them into the heads. The 
remaining plates, down to the short plates, are 
all cut off in decreasing lengths. The plate is 
cut shorter than its finished length because wo 
have to allow for lengthening or drawing out 
under the hammer. This is the opposite process 
to upsetting. The short plate must not be made 
too stiff, so an extrj\ i in. on eacdi side is cut off 
before the drawing out. The drawing out adds 
about in. to the overall length of a plate. 
Drawing out is effected in most coachbuiiders' 
shops in a hollow fire, and the necessary exertion 
required by the smith and his mate is consider- 
able in drawing, say, a set of four elliptic 
springs with 36 plates having 72 points. This 
laborious procedure has been supplanted to a 
degree by eccentric rolls, worked by machinery, 
but many affirm that the hand-made spring is 
the better. Likewise, the spring heads may be 
manufactured with stamps and dies, and then 
welded on, which will bo successful if both head 
and plate are of the same welding heat. 

The plates having been slotted in the same 
heat as the drawing, care being taken not to 
flaw the steel, the middle holes are punched and 


the edges of the plates rounded. The slot is 
cleaned out with a slot file, and into every slot 
the stud of an adjacent plate fits, the slot 
allowing of motion between the plates as the 
spring gives up or down ; and in this manner, 
together with the centre rivet or bolt, the whole 
is kept together, and the various parts work 
parallel. 

Tempering and Fitting. The plates 
are first hardened by plunging them when hot 
into a butt containing about 60 gallons of 
w-ater, which should not be quite cold, and the 
tank should be large enough to take a whole 
plate comfortably. Such a process makes the 
steel extremely hard, and if left in this condition 
it would be far too brittle. So it is “ lot down ” 
again by reheating to a certain lower tempera- 
ture until it ignites a niece of ash stick. This is 
the tempering, the plate being allowed to cool 
gradually. In bending the plates to the required 
arc, wo give the upper one a curve a little 
sharper than the one beneath it, and care must 
bo taken to get the long plate right, otherwise 
our error will bo magnified before we arrive at 
the short plate. The viceman is calh?d upon to 
see that the edgt^s of the plates are all Hush, and 
he finishes off heads and eyes, fitfing them care- 
fully, having greased between th<^ plates before 
finally putting all together. Ho should exercise 
his discretion in the amount of lubricant he place.s 
on the plates for the dual service of preventing 
rust and friction, for when bolted or riveted up 
a thin edge of grease is liable to work out on the 
freshly painted spring when mounted and 
working under the body. 

Tools. Swages or top and bottom tools, 
punches and chist^ls, arc among the tools which 
are often made by the smith himself. They 
should bo steel-faced. The bottom tool is 
capable of fitting to the anvil, while the top tool 
is held by the smith in a handle generally made 
of a twisted hazel rod. 

Fitting. The cooc^hsniith has many 
different plates and pieces of ironwork to fit in 
a veiiicle body, the most important being the 
cdgeplates. Care must be taken not to fit too 
hot, or the framework will l>e eharrtjd and the 
joints opened. Although usually made of iron, 
cdgeplates, when of mild steel, can bo made of 
smaller dimensions, as the material is njore 
rigid. A smith will sometimes argue against 
the use of steel, chiefly because of the extra skill 
and labour required in welding up the different 
Beetions. The fixing of the plate may bo with 
bolts or screws, according as the framework 
allows, but we must see that the bolt-holes arc 
tightly filled, and when the boot side, rocker, or 
othpr parts of the timbers Iravc^rsed are of hard 
wood, there will be no necessity for jugging, as is 
sometimes done. 

The smith is one of the most skilful artisans in 
the shop, and his rate of pay at least equals 
that of the bodymaker, although it does not 
exceed that of the motor body metal plate 
worker. 


Continued 
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16 Other hand, the 
are issued at a dis- 
count, the company will, o£ 
course, receive something less 
than the full amount for which 
it will be liable to the deben- 
ture-holders, and the amount 
it loses on the transaction is 
debited to a ** Discount on 
Debentures Account.” The 
full entries are: (1) A debit 
to cash of the amount actually 
received ; (2) a debit to dis- 
count on debentures account 
of the difference between the 
amount received and the full 
amount of the debentures ; and 
(3) a credit to the debenture 
account of the nominal amount 
of the debentures. The deben- 
ture account will always have 
the latter amount to its credit, 
whatever the terms upon which 
the debentures have been 
issued, and this will be the 
ij^mount of the liability under 
the head of debentures in the 
companjis balance-sheet. The 
debit on the discount account 
must be written off to profit and loss account by received, the total amount credited as paid on 

the time the debentures become redeemable, the shares not issued for cash, the amount of 


If, on tl 
debentures 


LIABILITIES 


Sharo Capital : 

Nominal Capital : 

1,00 ) Ordinary Shares of £10 < 
Subscribed and Issued Capital ; 
1,000 Shares of £10 each 
Lies 60 shares forfeited 


Called amflPaid up Capital : 

950 Shares at £6 per aharo 
I Forfeited Shares : 

I 50 Shares £6 calleil up 

I Leas Calls in ai rear thereon 

Five per Cent. Mortgage Debentures : 

50 Bonds uf £10 ) each 
Sundry Creditors : 

On Bills Payable 

,, Open Accounts. . . . 


Reserve Fund . . 

Profit and Loss Account : 

Net Profit for Year. . 

Leaa Interim Dividend 1 00 
Transfer to Reserve 
Fund . . . . 600 


ie,00) 

0 

0 

600 

0 

0 

9,600 

0 

0 

260 

0 

0 

100 

0 

0 

430 

10 

6 

1,651 

8 

5 

1,466 

9 

8 

690 

0 

0 


160 0 

6,000 0 


2,081 18 11 
600 0 0 


766 0 8 

£13,248 8 7 


Redemption of Debentures. \^^en 
debentures are redeemable at a fixed date it is 
necessary for the company to make provision for 
paying tnem off when the time arrives — unless it 
lis in a position to re-borrow the money on 
favourable terms. One method of doing this is 
for a sinking fund to be created in the manner 
previously described in connection with a 
wasting asset, so that the company’s re- 
sources shall be equal to the demand when the 
time arrives for payment. If the debentures are 
repayable at a premium, care must be taken that 
the instalments set aside and invested periodic- 
ally are sufficient to accumulate enough to pay 
both principal and premium. Other methods of 
piroviding for the payment of redeemable deben- 
tures are ; (1) The purchase of debentures on 
the market if the price is favourable ; or (2) the 
takmg out of a policy of insurance for an amount 
sufficient to repay the debentures at the due date. 
Under the latter method the amount of the pre- 


mium would represent the sinking fund instal- 
ment ; there would bo no risk of loss from the 
depreciation of the sinking fund investments, 
and the company would be saved the trouble of 
periodically mvesting the instalments and the 
accruing interest. 

Annual Summary of Capital. Every 
limited company having its capital divided into 
shares is required to furnish each year a sum- 
mary of its capital and return of its members in a 
fonn prescribed by the Bo^d of Trade. The 

divided, the number of shares taken up— 


ft is divided, the number of shares taken up— 
d&ti«i|^bixig between those issued credited as 


am^t per sbme dslled np, and the total sum 


unpaid calls, and the amount received on for- 
feited shares. The summary must give the 
amount uf debt duo by the company in respect of 
debentures and floating charges on its property. 
The name, address, description, and share 
holding of each member must be given in detail, 
as well as a list of the directors. 

Besides companies limited by shares, there iik 
a class of company in which the members do not 
contribute the capital during the company’s 
existence. This kind of comi)any is useful in 
concerns of a non-trading character, such bs 
professional societies and chambers of commerce, 
where incorporation is desirable but no working 
capital is required. These companies ore said to 
be limited by guarantee, because the members 
guarantee to subscribe a certain limited amount 
for the purpose of paying the debts if the com- 
pany be wound-up. There is no peculiarity in 
the accounts of these companies calling for notice 
here. 

Double»account System. In addition 
to companies incorporated under the general 
Companies’ Acts many companies are brought 
into existence by special Act of Parliament. 
These companies are, as a rule, formed for the 
purpose of carrying out works of a public nature 
such as railways, gas and w-^ater works, canals, 
electric light and power undertakings, etc. For 
such companies a special system of accounts has 
been laid down, which is known as the double- 
account system. It must not be supposed by 
the reader that this is anothec name for the 
double-entry system. All our accounts so far 
have been upon double-entry principles, and the 


of those principle for the purpose of showing 
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oleapfly a certain set of facts. It has been suffi- 
cient hitherto to state the whole position of a 
firm or company in a single statement called a 
balance-sheet, which includes the whole of the 
assets and liabilities of the concern of whatever 
sort or kind. Accounts kept on those lines are 
said to be kept on. the single-account system, 
siiloe one account shoe's the whole position, but 
this must not be confused with the so-callcd 
“ system ” of single entry. 

From the nature of the companies named 
above it will be seen that their objects are the 
construction or acquisition of particular works 
which, when acquired or constructed, will be 
used for the purpose of earning revenue for the 
proprietors. They trade in a sense, but not by 
buying a commodity at one price and selling 
at another. 

Capital Account. The particular object 
of the double-account system is to show clearly 
the amount of capital that has been raised for 


coals, coke, tar, and other products, debts due 
from persons to whom gas, coke, etc., have been 
supplied, and any other assets, other than the 
fixed assets, which the company may possess. 

Revenue Account. A detailed revenue 
account is prepared showing on the one side the 
income arising from (1) sales of gas ; (2) sales of 
residual products, such as coke, tar and breeze ; 
(3) rents ; (4) other items, such as fittings, 
discounts, etc. On the debit side appear the 
various expenses under the heads of (1) manu- 
facture of gas, including materials, wages, 
repairs, etc. ; (2) distribution of gas, including 
salaries, repairs of mains, pipes, and meters ; 
(3) rent, rates and taxes ; (4) management 

expenses and, lastly, miscellaneous items. 

The effect of this arrangement of the capital 
account and the general balance-sheet is that 
it is necessary to examine both those statements 
in order to obtain full information as to the 
assets and liabilities of the concern. Another 


Dr. 

TflE OLDTOWN GAS COMPANY, LIMITED. 
Cai)ital Account for the Year en<Iod 30bh June, 1005, 
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KxiHMIlli- 

tliro to 
30tU June, 

n-oi. 

Kxpciuled 
(Juriitz ttiu 
Yeir. 

TiiUl to i 
3<)th J nne, ' 
1905. 1 


Keceiptii to 
30th June, 
1904. 

Roeeivod 
duriiiK; the 
Year. 

-A. 

Tot ft) 

Receipts to 
30th .1 uiie, 
1005. 

To Expenditure to 30th June, 
i\m 

240,807 

— 

240,307 

By Ordinary Shares of £5 

each 

„ 2nd Preference Shares 
of £5 each , . 

, 1st Preference Shares 
of £10 each , , . , 

„ Dehentnre Stock 

1 

50,000 


60,000 

,, Lands acquired . . 

,, New Buildiniyrf^, Manufac- 
turing Plant, ^fachines. 
Storage Works, and 
other Btnictures con- 
nected wiWi manufac- 
ture 

„ New Mains and Service 
PlpcH (not in place of 
old ones), including lay- 
ing same, paving, and 
other works connected 
with distribution 
„ New Meters (not in place I 
of old ones) . . . . 


0.826 

4,754 

530 

i 

12,116 j 

40.000 

50.000 
120,000 

10,000 

10,000 

60,000 

60,000 

120,000 

L Total Expenditure 

1 „ Balance of Capital Account (carried to General 
Balance Sheet) 

201,1)83 


200,000 

20,000 

280,000 

18,017 








£280,000 1 




£280,000 










the purpose of the undertaking and how that 
amount has been expemded upon purchasing 
or constructing the fixed assets — i.e., the property 
which will, subject to wear and tear and depre- 
ciation, always exist for the purpose of earning 
revenue. With this object a statement is pre- 
pared in tabular form showing the character 
of the capital raised and the manner in which 
it has been applied. TTie above is a specimen 
of such a statement in the case of a gas company, 
and will enable the reader to see how the object 
of the system is attained. 

Only the balance of this account is carried 
into the company's general balance-sheet, which 
also shows, on the liabiUties side, the amount 
, to tbe credit of the profit and loss account, the 
rdleive fdhd^ the depreciation fund (which will 
"explaiJled later), and the general floating 
^ mbiliues of the company. On the assets side 
^;^ppfar the floating assets of the concern, such 
i^iah in hand and at the bank, the stocks ol 


result of preparing accounts on this system is 
that the fixed capital assets are shown at cost 
in the published statements instead of at their 
actual values. Any repairs and renewals are 
made out of current revenue and not out of 
capital moneys, while any extensions and addi- 
tions are properly provided out of money raised 
for the purpose and charged as capital outlay 
in the capital account, as shown above. 

Depreciation Fund. Although the fixed 
assets are set out in the capital account at cost, 
proper provision is made for wear and tear 
and depreciation by an amount being charged 
annually in the profit and loss account in wiis 
respecti The amount is not - written off the 
book value of the assets but is carried to the 
credit of a special account entitled “ Deprecia- 
tion Fund Account,** or some other equally 
distinguishing title, and included in the general 
balance-sheet under that head. The effect is 
that, taking the capital account and the general 






OLBRKSHIP 


balance-sheet as a whole* the position of the 
company is accurately stated ; as, although 
the assets are shown at more than their actual 
value, this is rectified by the inclusion on the 
liabilities side of the amount of the deprecia- 
tion which has taken place and which would, 
in accounts kept on ordinary single - account 
(not single entry) lines, ho d^uci^ from the 
assets on the other side of the balance-sheet. 

Fixed and Floating Liabilities. 
Attention has already been directed to the 
fact that the assets may be divided into two 
classes — viz., fixed and floating assets. The 
separation of the capital account from the 
general balance-sheet, which takes place under 
the double-account system, emphasises the fact 
and further makes it clear that a similar division 
may be made in the case of the liabilities, those 
' of a fixed nature being the share capital of the 
concern and loan.s on debentures or mortgages, 
while the floating liabilities are those to creditors 
supplying stores, materials, etc., or for unpaid 
dividends or interest, the indebtedness to whom 
is discharged practically immediat<;ly. 

It may be stated that the broad principle 
of the double -account system is the division of 
the assets and liabilities into two classes — fixed 
and floating — the former being included in the 
capital account, the latter in the general Vialance- 
shcet. 

Capital and Revenue. A further point 
to which attention is drawn by the double-account 
system is one not specifically dealt with hitherto ; 
that is, the distinction between capital and 
revenue items. The receipts of a business are 
generally of such a nature that their classificia- 
tion is an easy matter, and the distinction is 
quite apparent ; but in the event of there being 
a doubt as to the nature of a particular item, it 
* must be carefully examined, and credit must 
not be taken for it as income unless it is clear 
that it can fairly be regarded as revenue of the 
concern. The question whether an amount 
should bo treated as revenue or capital usually 
arises in connection with expenditure. The prin- 
ciples upon which a decision should be come 
to are quite clear, but their application is some- 
times a matter of some doubt. The broad rule is 
that expenditure on the acquisition or con- 
struction of property which is to be used to earn 
revenue, or expenditure which adds to the value 
of property already acquired is capital expendi- 
ture, and may be debited to an asset account, 
while outlay, such as repairs and renewals, 
Vlich merely maintains property at its book 
value cannot be so treated, but must be regarded 
as an expense of carrying on the business. The 

a uestion frequently arises in connection with 
He purchase of new plant or machinery which 
w'djr be either wholly or in part in replacement 
of old assets of the same nature. So far as the 
new plant, etc., is in replacement of something 
already standing in the books as an asset, the 
cost must be treated as a revenue charge and 
debited to the profit and loss account ; but if 
any part of the expenditure is upon additional 
plant which will increase the actual value 
l^yond the amount appearing in the books, 


the proper course ishto debit such increase to 
the asset account, and not allow the charge to 
fall against revenue. 

With regard to amounts received, any doubts 
concerning their nature will probably arise in 
connection with the sale of part of an asset. 
For instance, a patent may bo standing in the 
books of a concern at its cost of £500. half 
share is sold for £1,000. There are at least three 
ways of dealing with this transaction. One is to 
write off the whole cost of the patent and treat 
only £500 of the sale price as profit. The second 
is to retain the remaining half at its present 
value of £250, and treat £750 of the price as 
profit. The third method would be to treat the 
second half as worth as much as the first had 
sold for, and increase its value in the books accord- 
ingly. The result under this method is that 
credit is taken for the whole £1,(KM) received for 
the half-share, and for a further £500 in respect 
of the increased value of thi^ remaining half. This 
is not desirable, and the fairest basis is the 
.second method. 

Income Tax. A mailer that is a cause of 
some worry and annoyance to a trader or to the 
secretary of a trading company is the annual 
return to be made for income tax purposes. 
Income tax is a charge levied annually upon 
net profits derived from sources in the United 
Kingdom or paid to residents therein. It is 
intended to be chargetl on income from all 
sources, and the various kinds of income are 
classified under schedules distinguished by 
letters of the alphabet. Thus, Schedule A 
relates to income derived from the ownership 
of land and buildings, and is borne by the 
owner although paid in the first instance by the 
occupier. It is known as the property or land- 
lord’s tax, and when collected by the authorities 
from a tenant may be deducted by him from 
his next payment of rent. Schedule *B is borne 
by the occupier and relates to the income from 
farms, etc. Schedule C has reference to income 
from public funds, and is generally deducted 
before the income is paid to the recipient. 
Schedule relates to salaries and emoluments 
paid to jKirsons in the employ of the State, 
public bodies, companies, etc. Schedule D is 
the important schedule from the point of view 
of accounts, since it relates to the profits arising 
from the carrying on of trade, manufacture, 
and business generally. The rate of the tax 
for eacsh schedule is so much in the pound, and 
is fixed annually by the Finance Act. The 
amount of tax payable depends upon the amount 
which has been fixed by tlie surveyor of taxes 
as the income of the trader for a particular 
year. The amount of income is fixed, or, 
as it is termed, assessed, upon the basis of a 
return which has to be made each year in or 
about the month of June. The tax is payable 
annually on January Ist and is in respect of 
the year ending on April 5th following. 

Assessment under Schedule D. In 
the spring of each year a form is sent by 
the local assessor to persons and firms in his 
district requiring them to make a return of 
their income for purposes of assessment. When 
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returning the form the^ader has to make a 
declaration that the amount stated as liable 
to tax is correct. The penalty for making a 
false return is £20 and treble the duty chargeable. 
The amount returned is based upon the average 
of the three oon^lete ;)rear8 preceding the year 
of assessment. Thus, in making a return for 
the year 1906-7 — t.c., ending on April 5th, 1907, 
a trader whose books are balanced on June 
30th in each year would base his return upon 
his profits for the years ending June 30th, 1^3, 
1904, and 1905 respectively. Where a business 
has not been carried on for as long as three 
years, the return will be based upon the period 
during which the business has been established. 

Towards the end of the year the surveyor 
issues the notices of assessment. They are sent 
to all affected persons in his district whether they 
have made returns or not. If the amount at 
which the trader is assessed agrees with the 
amount he returned, he need take no steps, but 
will wait until ho receives h demand for payment, 
about December, and then pay the tax. If, 
however, the assessment exceeds the amount 
on which he considers he should be called upon 


to pay, he must take steps to appeal to thcr 
income tax commissioners. To do this with 
any hope of success he must be p^ared with 
accounts substantiating his contention as to the 
roper amount of his income, and he should also 
e ready to produce his books if required ; for, 
although their production cannot be enforced 
by the commissioners, a refusal will probably 
result in the surveyor’s assessment being up- 
held. The return originally sent in should, 
of course, have been made from accounts pre- 
pared for the purpose, and if that was the method 
adopted those accounts should be forwarded to 
the surveyor. It may be that he will be satisfied 
with the production of the accounts. If he is, 
no further attendance will be necessary, for 
he will arrange with the commissioners for a 
reduction of the assessment. 

Accounts for Surveyor. It is obvious 
that a trader will bo well repaid for the care- 
ful preparation of his accounts for income tax 
returns at the out set. In order that the accounts 
shall be prepared upon a proper basis it is 
necessary that he should know which items in 
the nature of expenses will be allowed to be 


The profits of John Smith, an ironmonger, as shown in his books were, for the year 1903, £863; 

1904, £210; 1905, £587. 

Before arriving at these profits the following items hod been charged 
or credited in his profit and loss accounts 

Interest on capital . . 

Interest on mortgage of freehold premises 
Bad debts 

Salaries and Av^ages « . 

Rates . . 

Bank charges and interest on overdraft 
Repairs of machinery and premises 
Depreciation of plant and machinery 
Depreciation of freehold premises 
Proprietor’s salary . . 

Income Tax, Schedule D . . 

Carriage and packing 
Rents from two houses belonging to him 
General trade expenses 

Income Tax, Schedule A, ^ Is. in tho £ on freehold premist^ 

The amount upon which he should be assessed under Schedule D 
for the year 1906-7 is arrived at as follows: 

Profits as shown in books . . . . . . . . . . . • 

Add: 

Items charged but not allowed for income tax purposes s 

Interest on capital . . . . . . . . . , ^ . . • . 

Interest on mortgage . . . . . . . . . . * 

Depreciation of freehold premises . . 

Depreciation of plant and machinery • . 

Proprietor's salary 
Income Tax, Schedule D 

Income Tax, Schedule A 


Deduci .* 

Amount of assessment of freehold premises . . 
Rents of houses (not arising from trading) . . 
Wear and tear of plant and Inaohinery (say) 
paid for life insurance (not shown 
^ ill booses of business) 


19QJ. 

1901. 

£ 

£ 

200 

200 

55 

65 

50 

52 

70 

70 


1905. 


£ 

200 

55 

54 

70 


1 


1903 

1904 

1905 

£ 

£ 

£ 

250 

2C0 

270 

CO 

CO 

90 

eo 

300 

70 

720 

80.1 

780 

75 

80 

80 

30 

29 

31 

fO 

120 

20 

75 

70 

66 

50 

48 

46 * 

260 

250 

250 

48 

46 

38 

30 

28 

30 

55 

65 

55 

90 

120 

80 

10 

10 

10 

863 

210 

587 

250 

260 

270 

90 

90 

90 

50 

48 

46 

76 

70 

65 

250 

260 

250 

48 

45 

38 

10 

10 

10 

1,636 

983 

1,356 

875 

377 

879 

£1,261 

606 * 

9rr 




£l,edl+£e0e-l-£ffrr»£2,94t. Avwage ]»bl« to tax £948. 






. V(|0clttOtecl from his trading profits and which portance in the ease of a partnership, for certain 

, Will not, for some of the charges properly made exemptions and abatements are allowed in respect 

by a trader when preparing his profit and loss of incomes under £700 per annum. Ko tax 

account and arriving at his net profit are not is payable on incomes below £160. An abate- 

allowed to be charg^ for income tax purposes. ment of £160 is allowed on incomes between 

On the other hand, there are a few items £160 and £400 — a person with an income of 

of profit or income which a trader need not £360 would only bo required to pay tax on 

bring in to his account for those purposes. £190. An abatement of £150 is allowed between 

Specking generally, all charges and expenses £400 and £500 ; an abatement of £120 is allowed 
necessarily incurred in earning the income between £500 and £600 ; an abatement of 

of a concern are allowed, but nothing else. £70 is allowed between £600 and £700. Persons 

The following are some of the principal items with incomes over £700 per annum pay tax on 

not allowed to be deducted from gross profits the full amount. As the tax is personal, partners 

in arriving at the taxable income: 1. Los.ses in a firm have the right to be separat^oly assessed, 

not arising from trading. 2. Interest on capital. Therefore, in the case of a partnership where the 

3. Partners’ salaries. 4. InUirest on loans. net profits are £1,200 per annum, and there are 

6. Ground rent. 6. Depreciation of land, three partners sharing equally, they will be en- 

buildings, leases, patents. 7. Income tax. titled to be assessed on an income of £400 each, 

8. Reserve and sinking funds. Tax should be and so entitled to an abatement of £160 each, 

deducted from items of the nature of 4 and 5 Repayment. With regard to the second 
when paying the amounts, the effect thus being point, as the tax is levied at the source of the 

that the tax is actually borne by the recipient income, limited companies earning profits are 

of the payment. charged upon the full amount thereof, no abate- 

The following items, in addition to the usual ment being allowed to them. It frequently 
trade charges^ are allowed : 1. If the premises happens, therefore, that a person who receives 

are the freehold of the trader and, therefore, his income from investments in stocks and 

no rent is paid, he is, nevertheless, allowed to shares, and whose total income is such as to 

debit the amount of the assessment, the reason entitle him to exemption or abatement, is in the 

being that he has already been charged tax position of having had tax deducted before his 

under that head on Schedule A. 2. Repairs income reached him. In such a case, and, in 
as distinct from additions. 3. Estimated doubt- fact, in any instance where tax has been wrongly 

ful debts. 4. Life insurance premiums up to paid or deducted, a claim for repayment must 

one-sixth of income. 5. Loss of stock by fire, be made to the surveyor. 

after taking into account compensation received A trader is also entitled to claim repayment 
from an insurance company. 6. Bank interest if, after having paid tax, it is found that the 

and charges, because the banker pays the tax. assessment on which it is paid exceeds both 

With regard to rent of the trade premises, when his actual profits for the last complete year of 

they are not his own, ho is allowed to charge trading — which was not complete when making 

the amount of the net assessment under his return — and also his average for three years, 

Schedule A whether it is in excess of the rent including the last completed year. The amount 

actually paid or not. he is entitled to recover is the difference between 

Wear and tear of plant and machinery is the tax paid and the tax on the larger of these 

also allowed, and the rate of allowance is in the two amounts. 

discretion of the surveyor. It has already been An illustration is given on the last page of the 

pointed out that “ depreciation ” and “ wear manner in which an account is prepared either 

and tear ” are not synonymous terms, and this for return for assessment or for appeal on 
must be remembered for income tax purposes, assessment. 

as only the latter is allowed. It must be borne If the account is prepared for the purpose of 

in mind that the items enumerated are not appeal against an assessment, inquiry should be 

the only charges that are allowed. They have made of the surveyor as to the method in which 
been specially mentioned because of their he prefers the same to be made up. Some sur- 

slightly exceptional character, but all losses and veyors like to have the profit and loss accounts 

expenses necessarily incurred in carrying on the for the three years as prepared for the business 

business may, in ordinary circumstances, be and three additional statements, adding to 

charged. the net profits such items as have been 

^Jf^zemptlon and Abatement. Two charged in the accounts which are not allowed 

; . fukher points should be mentioned before for income tax purpo8e.s. Others prefer to 

proceeding to give an illustration of the making have a statement prepared for income tax only 

;; of a return in a concrete case, (a) the tax is a showing income on one side and all proper 

personal one, and (5) it is levied as far as possible deductions on the other. The former method 

at the source of the income. Point (a) is of im- is the one more generally in use. 

Coniinued 
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PLAIN & FANCY STITCHES 

Various Stitches Used m Making Underclothing: Hemstitching, 
Herring-boning, Feather-stitching, Tucking, etc. Some General Hints 


By AZELINE LEWIS 


'T’HE stitches most in use in making underwear 
^ have now to bo dealt with. 

Tacking and Basting have been explained 
and illustrated in Dressmaking [150], and should 
be done with fine cotton. 

Hemming is one of the most indispensable 
stitches in plain needlework, as no garment is 
complete without a hem. It has been illustrated 
and explained in Dressmaking, and for under- 
wear requires to be very neatly done, cither by 
hand or machine. It may bo from one-cighth of 
an inch, such as is used for the edge of a frill, to 
the one and two inch wide hem at the bottom 
of a nightdress. The latter width is usual in a 
fine material to weight it somewhat, but a hem 
should never be less than one inch wide for a 
chemise or nightdress, that is, if the former 
is not adorned with a frill as in the best under- 
we^ir. 

To keep the hem even, the best plan is to have 
a card nicked [17] to the right width and measure 
from this from time to time. Remember not 
to have a knot when starting a fresh thread of 
cotton. Cut the previous thread within half an 
an inch or so from the end, insert the point 
of needle just below edge of fold in a slanting 
position to the right, bring it out over the previous 
stitch, leaving an end of thread ; then tuck both 
ends neatly under the hem to the left and con- 
tinue hemming as before, when the joining of 
cotton should not be visible. Finish off firmly, 
and slip the needle under the hem before cutting 
off the cotton. 

Running has also been described in Dress- 
making, and is required chiefly to join a seam 
together before felling. It must be very neatly 
and evenly done. 

Seaming, or Sewing. This is a sort of fine 
overcasting stitch used to join two selvedges 
together. The two edges to be joined should be 
placed evenly together, edge to edge, and pinned 
or tacked at short distances to keep them from 
getting puckered, which is very likely to happen 
if this is not done, unless the worker be very 
expert. 

Hold the work upright in the left hand 
between the thumb and forefinger, and round 
the tip of the latter, and work from right to left. 
The stitches should only be deep enough to 
just hold the selvedges together, and should lie 
in a slightly slanting direction, and be not more 
than three threads from each other. No 
knots are allowed in seaming. Place the needle 
with the fresh thread (having cut the former 
as dksoSsd te heipjning) a little to the right, 
bring o^'^oyer last stitoh and sew over the 
threads the next few stitches, cutting 
o€ ends that project When the seam is 


finished, place the finger under the seam and 
flatten it down with the thumb-nail, or it may 
be placed, if preferred, on the table and flattened 
with a short bone paper-knife or tooth-brush 
handle [2]. 

For a seamed fell turn in the raw edge of one 
portion | in., then turn in the other double 
this width, because the one half is turned back 
for the fell. Place the fold of the turn-down 
to the second fold of the other edge and seam 
together ; then flatten and fold back the tumed- 
down edge and either seam or fell this down, 
thus making a nice neat seam [7]. 

Old German Seam. This is much the 
same stitch as fine drawing, so much used by 
tailors, and was largely used in old linen work. 
The seam sketched is very useful for joining two 
selvedges together, if the material be somewhat 
thick, as some makes of linen [9]. The stitches 
are taken first on one side and then on the other 
within the selvedge, and only two threads apart, 
with the needle towards the worker. The cotton 
must bo drawn till the edges meet closely but 
do not overlap, when a perfectly flat seam 
without any ridge will be produced. The edges 
must be marked at regular distances and the 
marks kept level to prevent the seam becoming 
puckered. 

Felung, or a Run-and-Fell Seam. This 
kind of seam is usual for joining the various 
portions together. Fold down one edge i in. 
(or a little more or less according to the material 
and garment), place the corresponding edge 
of the garment to the turniHl-down Sge, a 
shade below the fold, then tack and run, or 
machine together ; remove the tacking and fell 
down neatly, being careful to keep the under 
edge quite flat and level with the running, and 
not letting this turn into a fold. These seams 
should correspond or pair with each other — 
that is, if the first one be liegun at the top of 
the garment, the other should be startea at 
the bottom ; this will make all the difference 
between a well-arranged and a faulty garment 
[ 8 ]. 

Stitching. See Dressmaking and Tailor- 
ing. 

Hemstitching. Though hemstitching is 
usually employed for handkerchiefs, the stitch 
is a useful one, and of late has been called into 
play in tucking, which, instead of being merely 
run, may be open-worked at the upper edge, 
and thus made much more ornamental. For 
a hem, begin by drawing out two threads of 
the material, I in. from the margin and 2JiiL or 
4 in. at the distance from the margin the hem 
is reauired to be. * Fold over the turn-down of 
the hem even with the drawn-out threads, 







t^eii fold up the hem to the second row of 
drawn-out threads, letting the edge lie perfectly 
level with the lower edge of the threads. Tack 
along, then thread the ne^le, insert it in the 
fold, as in the diagram, bring it out three threads 
above the fold of the hem, insert the needle 
between the open threads immediately under the 
place where the cotton is emerging, and, passing 

it to the left, take up three open threads 

on the needle and draw the cotton 
through. Insert the needle again in the 

same place, and now, turning it in a 

slightly u|)ward direction through the X 
hem, bring it out above the place where 
the cotton now appears — that is, three 

threads above the fold of the hem and 

three threads to the left of the previous ^7 
stitch ; draw cotton through and pro- 
ceed in the same way to the end of the drawn 
threads [6]. 

For a tuck, the threads are drawn and the 
inner fold of the tuck placed to the first of the 
drawn threads, when the stitches will be done 
in exactly the same way as for the hem. In 
these tucks, however, it is usual to work the 
other edge of the drawn threads in the same 
way as the hem, which makes a very pretty 
finish and is much used in underwear, baby 
frocks, cambric blouses, etc. 

Whipping. This stitch is indispensable for 
fine underwear, and is used for uniting lace or 
insertion to the edges, gathering for openwork 
insertion, and a variety of purposes. A whipped 
hem is formed in this way. Take the edge of 
the garment, cut it perfectly level, just moisten 
the left finger and thumb and roll the edge 
downwards until it forms a tight and very 
narrow rolled hem. This requires some little 
practice to get even and not stretch the edge. 
When a sufficient edge has been rolled — and 
it must be worked till it is quite narrow — 
place the edge of lace to this underneath, and 
secure to the edge by a fine overcasting stitch, 
taking it under the whipped edge, so that this 
is enclosed and no raw edges are visible [ 14 ]. 
If properly done it should form only the very 
narrowest' sort of corded edge, and in very fine 
work be scarcely seen. I^en sewing on 
gathers of fine ma|)erial to a transparent inser- 
tion, the edge should be whipp<^ and then 
gathered by the overcasting stitch mentioned 
[1]. If the material be somewhat thicker, 
the edge should be turned in about ^ in. and 
then gathered, as this will be less clumsy than 
whip^g it first. 

In veining the seams of under-bodices, for 
instance, the ed^ of the material and beading 
are both whipped very finely and oversewn with 
the finest of cotton. 

Hbiuriko-boninq. The method of working 
this stitch has already been explained « and 
illusUuted in Dressmaking. It is required 
in fiannel work for seams — and sometimeB for 
hems-^q obviate the hard ridm which would 
Bo eaum by turning in the edge again as in 
dkD mOthod. very fine cotton -or silk 

ahsIM Be employed, and the stitches worked 
wp A 0^1y and closely tiogether. jnst far 


enough from the raw ed^ td keep this n^t, 
but not large enough to be unsightly. Fc^ p 
flannel seam, cut the edges jj^eotly oven, 
place one edge nearly ) in. bMow the oth«p, 
and run the two edges neatly together about 
the same distance below the inner edge; but 
these distances must depend very muon on the 
garment and the material and the judgment 
of the worker. When nm together, turn the 
upper edge down over the lower and herring- 
bone along, being careful to keep the seam 
even. If this is done there should be no 
ridge, as would be the case if the two edges 
were put quite evenly together [ 16 ]. 

If the flannel be rather thick the hem may 
be herring-boned down raw-edged imitead of 
being turned in. This is an important point to 
be remembered in flannel work. 

Overcasting. [See Dressmaking.] Use fine 
cotton, and remember not to pull the thread 
tightly. 

Gathering. [See Dressmaking.] For under- 
wear, the addition of “ stroking the gathers 
is needed to flatten them and make them 
more easy of manipulation. To do this, when 
the gathers are finished draw them up closely, 
leaving a little space to work them forward, 
and secure them round a pin [11]. Keep 
the right side of the work towards you, take a 
strong needle, and, holding the work between 
the forefinger and thumb of the left hand, the 
latter being pressed below the gathering thread, 
begin stroking on the left-hand side, working from 
the top and raising each gather gently with the 
point of the needle, and work into a little ruck 
or fold, pressing down under the 
left thumb till all the gathers lie 
perfectly flat and smooth in a row. 
Stroke down each gather level, as 
, far as possible, with the thread of 
the material. 

There is, however, another way 
of obtaining the same result. For 
this, take a long, strong needle for 
gathering — that is, a coarser one 
than you would ordinarily use. 
Gather the needle till quite full, 
keeping the thimble-finger at the eye of the 
needle, so that no stitches escape on to the 
thread. When no more material can be forced 
on, still holding the thimble in place,* with the 
thumb and first finger hold the gathers securely 
to the needle at the point end. With the left 
thumb and first and second fingers pull the 
gathers two or three at a time straight down 
from the needle with a swinging motion, 
sliding the fingers under the material and pulling 
down with the thumb, beginning at the Irat and 
working towards the ri^t. When the work 
is slip]^ on to the thr^eid it will be found as 
fiat as if each gather had been stroked in place, 
and thus the two processes of gathering and 
stroking are practically accomplished at once. 

Sswmo IN Gathers. When the material 
is gathered and stroked, loosen the thread and 
open the gathers, then mmik the half, and quarters 
of the band and portioiis to be gathered, and 
sevf in place, diatribiitkig ^e gatk^'4^ 






and one gather with each thread [8]. 

In elaborate underwear gathered edges are much 
prettier set in with a be^ng. 

Buttonholes. The working of buttonholes 
has been fully explained in Dressmaking and 
Tailoring, but 16 shows the usual method of 
working these in cotton and similar goods, the 
thread being passed round to the left of the point. 
It is best for thin materials to overcast the hole 
somewhat loosely rather than as advised for 
tailoring. 

Pot underwear the buttonholes may be worked 
as in a, or with one end barred, as at h, whilst 
bars at each end, as in c, are only required in 
perpendicular buttonholes as in fronts of chemises, 
nightdresses, blouses, etc. 


OlltM 

of different widths, in groups, etc., this depending 
much on the material, garment, and good taste 
of the worker. When the arrangement has been 
decided, make a diagram as in 18, so that all 
may be even. It is well to remember that a tuck 
always occupies three times its width — m., the 
upper and under surfaces of tuck and the 
width of material it lies upon, and a little clear 
space has always to be allowed between each 
tuck. For wide tucks the space may be estimated 
as half the width of the tuck. Very narrow 
ones require a greater proportion, at least the 
width of the tuck, as otherwise they appear 
overweighted. 

Single Feather-Stitch. This is so useful 
a stitch that it may bo considered indispensable 



19-23. PLAIN AND FANCY STITCHES 


Sewing on Buttons. As explained in 
Tailoring, all buttons should be sewn on with 
^a diank. To obtain this a coarse needle or 
bodkin should "be placed through the first stitch 
taken 'when sewing on the button and the re- 
maining ones worked over this. When finished, 
remove the bodkin or needle, pull up the button 
shai^^ and twist the cotton round the shank 
thlusiosmed several times before fastening off [ 10]. 

Bund Loops. These loops are required for 
flMtteiiuig when buttonholes are not advisable 
01^ possible, as at the ends of lace insertion, etc. 
Tb ilrork, make a loop of several threads of cotton 
l^ge enough to take the button easily, but not 
too loosely, then buttonhole round the threads, 
{inshing eaoh stitch close to the other [12] 

Tucking. The method of workmg tucks 
hM been explained in Dressmaking, but as this 
% sb^. isa Important part of the ornamentation 
•ol inidmuMx, a few further hints are desirable. 
Totika may be amnged in a variety of ways, 


in this sort of won:. It is done ]engthwa 3 rs, 
with the needle towards the worker. Place the 
needle alternately right and left when making a 
stitch in the material, sloping it slightly towards 
the centre, and making each one slightly lower 
than the other. Keep the thread to right and 
left of the needle when working accoi^ing to 
the stitch. It must be kept perfectly even and 
regular, and may be worked with cotton or silk 
of varying degrees of fineness according to the 
material [4a]. For the double variety take 
two stitches to right and left instead of one, as 
shown in 46. This must be very evenly worked, 
and of the same width all the way along. Chain 
stitch is illustrated in 4c. 

Coral-stitch. This is merely a variation of 
the above, the only difference being that the 
stitches are made quite diagonally at right and 
left, and the needle is always brou^t out in the 
centre exactly underneath the previous stitch, 
thus making a straight line down the middle [5]. 



^^EATBAE-ST^^CH. This farms a pretty 
variation of the ooral-stitch, and can be either 
single or double. It is worked with a preliminary 
chain stitch, with a diagonal one to right and left 
from the centre chain [18 and 19]. 

Satin-stitch. Now that embroidei^ plays 
a large part in the ornamentation of the liner 
kinds of underwear, being worked 
on the garment itself, we have 
included this among stitches 
necessary for underwear. For this 
purpose it is not always padded 
as in embroidery, as this would 
make uncomfortable ridges and 
lumps. For monograms, etc., 
however, the raised portion will 
require a little padding, as in fes- 
tooning [21]. It is b^t to work 
the stitches in a slanting direction 
as in the diagram, as they Ho 
better so. Work from you with 
the thread underneath, and keep 
each stitch even and close to 
the previous one [20]. 

CfiOSS - STITCH AND 

Marking. Cross-stitch is 
not so much used as 
formerly for marking 
embroidery, the woven 
letters and marking ink 
having taken its place. 

Very effective designs 
for large articles can be 
worked in chain-stitch, 
or combined with satin- 
stitch, these being very 
easily and quickly done. 

Elaborate monograms 
and designs in satin-stitch 
require a frame for their 
working. 

Festoonino. This is 
chiefly used to finish off 
the edge of flannel gar- 
ments, but with em- 
broidered chemises and 
camisoles a festooned 
edge is a necessity, and 
the accompanying dia- 
grams show the method of working. First 
mark the scollops, then outline them with fine 
cotton to ket^p the two edges together, if a hem, 
and also to give a little fumness to it. 

Diagram^ 21 shows tlie scollops padded with 
ohain-stitch in soft cotton and then finished in 
buttonhole-stitch. For the scollops, transfer 
papers can be purchased at any fancy-work 
repository, which only need ironing off ; but for 
the round ones a halfpenny, penny, or any other 
round object will do to draw we semicircles with. 

Difi^am 22 illustrates a simpler method of 
finishing off a scolloped edge for flannel under- 
wear, which is very quickly worked, and quite 
effective for inexpensive materials. This should 
be outlined with a rather coarser cotton than 
to the other way, or can be worked over a thread, 
tad the stitch, it will be seen, is the single wheat- 


ear shown in 18. Diagram 28 shows a simple 
and pretty stitch for the oraameilthtion of 
flannel underwear. 

Faooot-stitcuing. For this see Dbi^- 

MAKINO 

Sewino in Gussets. There are two kinds of 
gussets — square and triangular. The former 
are usually employed for 
the lower parts of chemises 
and nightaress sleeves, to 
give a little additional spring. 
[For the method of cutting 
see Chemise.] The triangular 
kind is employed to strengthen 
an opening like those at the Tower 
side of a man’s shirt. Diagram 
24 shows at a the first stage of ’ 
the gusset, this being cut through 
the square as in the other shape, 
and the apex sewn to the point of 
the opening ; h shows the second 
stage, and c the gusset inserted 
and finished on the wrong side. 

Spme General 
Hints. Linen and 
calico are better washed, 
stretched, and pressed 
before being cut out, as 
this will remove what- 
ever dressing there may 
be in the fabric, and 
make it much easier to 
work. It is also best to 
purchase longcloth or 
linen of a close, even 
make — that is, with the 
threads of the same 
thickness in both warp 
and woof, and also with 
straight, firm selvedges. 

Flannel, calico, and 
muslin may be torn, if 
required straight, but 
the process is apt to 
pull it somewhat. lanen 
and lawn should be cut 
by a thread. 

Under - garments are 
cut lengthways of the 
material — that is, with selvedges going from 
hood to foot, as in chemises and nightdresses. . 

Collars, wrist, and waistbands, yokes, and 
shoulder-straps should, therefore, always be cut 
8 elvedgewa 3 r 8 , as these are not required to stretch 
or give, there being more strain on those portions. 

Cotton should always be used the way it un- 
winds from the reel, as the friction of the eye 
of the needle against the fibre or twist of the 
cotton will sometimes cause it to fray or break. 

. All underwear is made by means of the fore- 
going seams, stitches, etc., the number and kind 
dexiending on the garment, a run-and-fell seam 
and hemming being required m all cases. The 
side seams of nightdresses and chemises, also the 
leg seams of drawers, are always united by a run- 
and-fell seam, and a hem must finish off the 
lower edge of chemise and nightdress. 
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THE HARP 


Putting on the Strings. The Octaves. Tuning. Correct Attitude 
of Player. Finger Preparation. Right and Left Hand Practice 



By ALGERNON ROSE 


Y^HEN the beauty of outline and charm of 
^ tone of the harp are considered, it may 
seem 'strange that this instrument is nowadays 
seldom heard in the home ; but lot the student 
who has bought a harp attempt to master it 
without the assistance of a tutor and he will 
speeddy discover why it was superseded by the 
pianoforte. A child can go to a keyboard 
and elicit sounds which arc in accord with each 
other ; but with the harp, the player has to 
tune, and continually to keep in tune, upwards 
of forty strings. On the first occasion no will 
probably have to replace several which are 
broken. It is therefore necessary that the 
student should appreciate the difficulties which lie 
in wait for him, and endeavour to overcome them 
by carefully following the instructions given. 

Stringing the Harp. It is false economy 
to get cheap harp strings ; only those of the 
best manufacture should be used. Their tone 
is of better quality, and, being more evenly 
graded in size, they last longer. The thickest 
and longest strings are those nearest the pillar, 
giving the deepest tone ; then they diminish 
in length and thickness till the high treble notes 
are reached. Use a gauge to ensure that each 
size is correct. This can be obtained wherever 
the strings are purchased. 

The first thing to note is that all the 0 strings 
are red in colour. All the F’s throughout the 
scale *are of dark blue. The other strings are 
white. This enables the correct notes to be 
identified rapidly in playing. Beginning at the 
pillar we have the bass octave, which consists 
of wire-covered strings. These of good quality 
cost about 2s. each. In a full-sized Gothic 
concert harp the strings nearest the pillar are 
C (red) and D. The old-fashioned single-action 
harp has a shorter compass of six octaves, from 
E to E. In that case the longest string would be 
E, and the next one to it F (blue). 

How to Put On a String. After 
unrolling a wire string, see that it is overspun 
equally. Pass one end of it through the eye- 
hc^e in the first “ wrest-pin ” of the neck of the 
instrument, and tie a knot securely at that end. 
Take out the corresponding woo<fen peg in the 
sound-board, and pass this end of the string 
through the aperture. Replace the peg so as to 
hold it tight, and bring the upper part of the 
string between the studs of the levers. Adjust 
the tuning hammer, or harp key, on to the wrest- 
pin. Wind the latter round to the right till the 
string becomes taut. If restringing throughout, 
do not draw up any one string to its proper pitch 
until the others have been put on and made 
fairly tight. When the instrument is up to pitch, 
the tension on the entire frame is very great. * 


It is not advisable, therefore, to impose a sudden 
strain on any one part of the neck. The stress 
should be increased gradually and equally. 

The Fifth Octave. Having strung the 
bottom C (red), D, E, F (blue), G, A, B, C (red), 
D and E, and left them slack, the fifth octave 
receives attention. The material here is of gut. 
Later, when ordering strings the student will 
be able to indicate the exact gauge best suited to 
his hand. If the string is insufficiently stout, 
it will jar unpleasantly when placed. It must 
not be too thick or the touch will be difficult. 
Ladies, as a rule, prefer thinner strings than men, 
who are able to get a richer tone from a material 
furnishing more resistance. After unrolling a 
gut string, hold it to the light, and see that the 
texture is clear and that it is not lump^. If 
decked or perished, it is useless to put it on. 
In this octave the lowest string is F (blue). 
Then come three white strings (G, A, and B), C 
(red). D, and E. For the fifth octave the best 
quality of string costs Is. each. 

In the fourth octave there are seven pit 
strings of smaller gauge than in the preceding 
set. Of best quality, they cost lOd. each. 
As before, the lowest string is blue; this 
is followed by three white, one red, and two 
white. For the third octave another set of 
seven, still smaller in gauge, must be adjusted. 
If superfine, these cost 8d. each. 

Continuing higher up on a full-sized harp, there 
are two more sets to adjust — those of the second 
and first octave, the latter being the shortest 
and of the smallest gauge. The respective cost 
of these is 6d. and 4d. each. Thus, a complete 
set of five octaves of gut strings, if bought 
separately, comes to 238. If purchased together, 
they may be had for £1. 'According to the size 
of the harp, a complete set of wire bass strings 
costs either 16s. or £1. 

Measurement of Octaves. In a musical 
sense octaves are reckoned not from the blue, 
but from the red strings — from C to B in- 
clusive — although the gauges are calculated 
from F upwards to E inclusive. If, instead 
of strings we had pipes — os in the church organ — 
to obtain the sound of the bottom C in the 
double-action harp 16 ft. of tubing would be 
necessary. As the harp is not 16 ft. high, what 
the string lacks in length is made up in weight. 
That is the object of having the core of gut 
overspun with wire. In the same way the C 
above the lowest B should be 8 ft. in len^h, 
or half the length of its octave below. But 
still there is no room in the harp for this, so the 
C, D, and E continue to be overspun. The blue 
F string of very stout gut is the thickest without 
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metal coverinj^. auuto, we nejLv reu BiAijDis 
represents the 4*ft. pipe in an organ. This 
4*ft. ootave is also calledf the liUU octave, beoause 
in print the notes are designated by letters of 
small t^^, whereas to represent the great octave 
below they are typed in capitals. The octave 
C above tne “ little ” represents the 2-ft. pipe 
in an organ. It is also known as the one 
stroke octave, because this section of the 
compass is represented by a single stroke, or 
accent, after each letter. Proceeding to the 
three red strings above, we have respectively 
the 1-ft., 6-in., and 3-in. pipes of an organ, 
these being denoted in print by two, three, 
or four strokes after the letters. Therefore, the 
vibrating lengths of the top strings of the harp 
are very short. If it were not for the sympathetic 
vibrations given out by the longest strings below, 
these high strings would be scarcely audible. 
Through the sounding-board, however, their 
tone is amplified by their longer neighbours, and 
if the treble strings are good, they have a beauti- 
ful silvery effect. 

Tuning. Before the beginner succeeds in 
tuning the harp with facility it will take consider- 
able practice. His best plan at first is to have 
recourse to the keyboard of a piano or harmonium. 
It may be somewhat bewildering to the eye 
to find that there are seven flats in the signature 
of the natural key of the double-action harp, 
because it is tuned in Ct^. Test the piano by a 
tuning fork. If it is fairly up to pitch, tune the 
red string in the centre of the harp representing 
the 1-ft. octave, or the note C (third space, 
treble clef) to the Bti on the piano, for Bt] is 
synonymous with C^. But the scale of Cl? 
has seven flats, whereas the scale of B has 
only five sharps, so it is easier for the beginner 
to think of the latter rather than the former. 
Therefore, for the moment, forget all about the 
C!?, and tune the third rod string below to the 
ootave B or the note under the first ledger lino. 
Then get a fifth above the bottom note, Ff, 
on the first white string over the blue. Try these 
three notes together — B, FJf, and B on the 
piano. 

Sound the first red string again, and tune the 
blue string a fifth below it to the £ (first line, 
treble olef) on the piano. Provo together the 
three notes — two red and one blue — represented 
on the piano by B, £, and B. Next take the 
two white strings above the blue and the red. 
Tune them respectively in fifths to F||l and 
on the piano, although on the harp these are 
really G and D strings. Having done this, tune 
the ootave below the D to Cf on the piano. 
Pco^e the three white strings, D, G, D, by the 

and on the keyboa^. Taking the 
lowwt string, get the A above it (second white 
this side of the blue), and tune it to G jf on the 
piano. Prove the three, D, A, D, by the Cjf 
Gtt,^^and on the piano. Taking the middle 
^ at|£ii4; ot these, tune the £ string a fifth above 
K (with the G^) on the piano. - From 

jaft’FUtr xm tune the octave E string below, . 
f&e Bo on the piano. Ptove this with the ^ 
Jdwe 'A or on the keyboard. From 
of iS(M thm stringB tune the dbile 


together to the notes and Ajj^ on th^piaald, 
proving with the octave string above. By tw 
means the scale between the 2-ft. and 1-ft. 
on the harp has been laid, and all the stringl, 
from the C up to the second £ above, have ^ 
been drawn up to their proper pitch. Thfis, the 
first greatest strain has been placed on the 
centre of the nock of the instrument, which, like^ . 
the keystone of an arch, is that part best able to^ 
bear it. 

Octaves. Having laid the scale, tune the , 
strings above and below in ascending and 
descending octaves. Begin with the middle blue 
string (F on the harp). Tune the correspondiim 
blue string above it to agree with the note £ 
(first line, treble clef, and E on fourth sps^e 
above) on the piano. Tune the three white 
strings next above respectively to the Fit, G J, 
and Ajf on the piano. The red strings (C’s on 
the harp) will then be reached. Tune these 
to the octave B’s on the piano. Continue the 
operation, cheeking each string by the piano notes 
until all the top strings have been tuned. Then 
take the lower notes. Begin with the first white 
string below the red. Tune this to Aj|' on the 
piano, with its octave below. Follow on with the 
next white string, tuning it to G|j|. The bass 
clef on the harp usually begins with the first blue 
string below pitch C. Time this blue string 
(F on the harp) to the E on the piano (secona 
ledgcr-lino above the staff) and the E below (third 
space, bass clef). Follow with the two white 
strings (tuned to and C;), the two red 
strings (tuned to B on the piano), and so on down 
the scale. 

As soon as the beginner gets accustomed to, 
and remembers, the various soimds required, 
he will be able to dispense with the aid of the 
keyboard. Great harp-players have their 
different methods of tuning. The late Mr. 
Oberthiir was of opinion that “ to tune well and 
correctly cannot be learnt by rules, as this 
depends principally upon a correct and musical 
ear.’' Yet that master taught many pupils how 
to tune their instruments by showing them rather 
than telling them the way. When dealing with 
so subtle and elusive a force as musical sound; 
it is easier to convince by demonstration than*to 
explain by word alone. Briefly, however, it may 
bo said that, when desirous of making a brilliant^ 
effect, some harpists have a knack of tuning the 
strings as they ascend a shade sharp ; and, in 
order to get greater depth and fulness of tone 
towards the bass, the long strings are intention- 
ally left a trifle flat in the extreme octavOf This, 
the purist may argue, is not correct tuning. 
Nevertheless, it is more than justified when It 
improves an otherwise dull mstniment* 

Position of tho Piayer. Adjust the 
music-stool in height so as to bring the chin of 
the performer level with the neck of the harp 
when the instrument is drawn back, and turn 
out the feet to give them easy access to any of 
the pedals. Draw the harp towards the right 
shoujdiMr, and let it rest against the ri^t ki^ 
Generally spealpng, those notes written in the 
treble clef are by tbe ri^t hand, and 



MUSIO 

in tJie basA olaf by the left hand. The hands* while one hand begins with the thumb* 

qyer is not used in harp playing. Place the other begins with the little finger* and so on* 

4ie thvmb, first, second* and third fingers of the numerically reversing the order of each dmit. 

ri^t hand respectively on the P (blue string. Now* place the pa&s of the hand together 

first space)* E (first line), D, and C (red). Keep towards each other, as in the attitude of prayer, 

thumb erect, and bend the other fingers instead of placing them away from each other. 

, fipraoefully towards the palm of the hand. The The left hand is thus the exact counterpart of 

knuc&les must be kept up. Curve the joints, and the right. 

avoid bringing the palm towards the player ; it Fingering. On the harp, therefore, the 

is the back of the hand, rather, which snould face fingering of the two hands in parallel psissages, 

him. Do not rest the wrist on the soundboard, ascending or descending, is uniform, instead of 

t but when playing in the middle octave keep it being dissimilar, as on the piano. Repeat, there- 

^ elevated. In ascending to the shorter strings, fore, with identical manipulation, but an octave 

* however, this wrist support is allowable. Freedom lower, the exercise for the right hand just given, 

of finger action must aimed at* and the carriage Place the third, second, and first fingers and 

of the hand should be light in quickly ascending thumb of the left hand respectively on the red 

arpeggios or scales. Too much attention cannot string below that struck by the third finger of 

be paid to getting the correct position of the the right hand, and the B, E, and F above. Be 

hand. This is not easy at first, owing to the way careful to place the fingers in the middle of the 

in which, except in the bass, the fingers must be length of the strings. Keep the thumb up. As 

coinpressed. The idea is not to pick at the strings before, the motions should be from the fingers, 

with the nails, but to strike with the fleshy tips. Avoid moving the wrist or arm. This will be 

’ Right Hand Exercise. With the third more difficult to do at first with the left hand, 

finger of the right liand strike the middle C Absence of support from the body of the in- 

(fourth red string from the player’s body). Bend strumont, which the right arm has, makes the 
the finger elastically. Do not move the wrist or task seem almost impossible at first, but steady 

arm , the motion should only affect the finger- determination to do the right thing will pre- 
joint. In the same manner strike the D (above sently cause the hand to obey the wishes of the 

the red C) with the second finger, the E with the mind. At first, softly and slowly, strike the four 

first finger. Then proceed to the blue string F. notes in succession from the C to the F, increasing 

To sound this with the thumb in an upright the speed and strength gradually. Do not con- 

position, bend the digit slightly at the thumb- tinue the exercise when fatigued ; rest for a 

joint. Avoid motion of the wrist or arm. Rc- while, and begin again hter. When this study 

member, whenever a string has been struck, that can be played clearly by each liand separately, 

the thumb must return at once to its perpendicular try it with both together. Considering that the 

attitude. Repeat this exercise (with the third, fingers of the hand each possess a different 

second, first finger and thumb) slowly. Try to strength, the tendency is for their movements 

get the sounds equal in clearness, softly at first, to lack steadiness. This uncertainty the beginner 

When the hand gets accustomed to the strings, must strive to overcome. In the absence of a 

use more and more force, and increase the speed. rauxster, the best way to do this is to practise 

Adjusting the fingers in advance is an im- with a metronome, and make each sound with 

portant matter in harp playing ; it prevents absolute regularity, increasing the speed of the 
unnecessary motions of the hand. The student exercise gradually. 

must cultivate the habit of placing the fingers. Inverting the Order. Now reverse 

before they are needed, softly on the string the progression of the notes. After ascending 

or strings about to be struck. Therefore, before from C to F as before, descend to the C. Be 

sounding the blue string with the thumb, prepare careful to anticipate each sound by placing the 

the third finger on C, the red string below, so finger needed for the n(‘xt string upon the latter 

that the exercise may continue equally. In before its time comes to strike. Do not be in a 

like manner, before the C is struck, get the hurry ; speed will come later, ^y the same 

second finger into position for sounding D. exercise with the left hand, keeping the elbow 

^ Although the notation on paper in an ascending well up. Bad habits, which are easily contracted, 

scale goes from left to right, and has to be played usually arise from over enthusiasm when bo- 
on the harp from right to left, towards the ginning to learn, and continuing practice when 

pla^r* the beginner will soon accustom him- tired. The result is rigidity instead of elasti- 

seli to correct transposition of the necessary city of movement. The one thing in harp 

movements. playing which the student must resolve to 

ji Left Hand Exercise. The harp player avoid is stiffness as opposed to gracefulness. . 
has several advantages over the pianist. If the This is a difficult fault to remedy, so let the 
hands are spread out before one, it will be student, in following the beaten track alone* 

observed that the right thumb points to the left beware of the ruts ; and, however easy progress 

and the left thumb to the right. This means that, may seem, avoid practising for too long a 

in a parallel passage on the keyboard for both time at first. 

' Continued 
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By J. A. HAMMERTON 


'THERE is a tendency among some latter-day 
^ critics to belittle the great figures of our 
literary history. It is a simple way of attracting 
attention to oneself : to quibble about Shake- 
speare, to grow querulous with Scott, to sneer at 
Dickens. To write of our literary heroes with 
anything of the old enthusiasm, to avow oneself 
their thrall, is regarded, in certain quarters, as 
evidence of a commonplace mind. Well, these 
little pettifogging critics have their day and 
cease to be, and their scribblings vanish as 
utterly as the grass that withereth. The heroes 
remain ; nay, they grow greater, for their roots 
are deep struck into the fruitful soil of their 
country's life. Let us be nowise afraid of display- 
ing too much enthusiasm in their praise, though 
we may be denied the gift of eloquence. If we 
are told that nobody reads Scott nowadays, 
he’s out of date, let us forthwith see that we 
re-read him. Happier still will bo our condition if 
we have any or all of his novels with which to 
make first acquaintance. One of the noblest 
heritages of the Britisher is that glorious library 
of romance, the “ Waver ley Novels.” And soon 
or late mo«»t of us awaken to this knowledge; 
he who fails to apply it remains a poor man in 
midst of plenty. As Hazlitt said so happily, 
Scott’s works, “ taken together arc almost like 
a new edition of human nature,” Lord Rosebery 
considers that more people read Henty than 
Scott. This would be deplorable if true, but 
it is deplorable that so excellent a bookman^ 
as Lord Rosebery should entertain the thought. ^ 
When Scott has so fallen into neglect that any 
common novel spinner is more widely read than 
he, we may well despair of public taste. But 
we are enthusiastic enough to believe that Scott 
is as much read to-day as ever ; that he will bo 
read as long as Edinburgh rock stands in the 
midst of an English-speaking town, even though 
the romantic castle around whose grey old walls 
he played in boyish games may have crumbled 
into dust. Scott is as firmly rooted in our 
national life as Edinburgh rock in Scotland’s 
soil. 

The Waverley Novels. Age cannot 
wither nor custom stale the infinite charm of Sir 
Walter Scott (b. 1771 ; d. 1832). There are 
some writers who appeal to the instincts of men 
and women only at particular periods of their 
lives. The Wizard of the North claims the love 
and homage if not of the seven ages, of five 
of them at the least. He is easily first of the 
^jgreat writep of English fiction. Bfe is the father 
of the bisto|ical romance. If from the wide range 
"of Boyish ilte^tttre two champions only had to 
be selected as representative, the selection 
WOukl sni^ fall on William Shakesjpeare and 
-Wjliilar ' Scott, Worn eveiy point of view we 


could spare these least of all of our great 
imaginative writers. If the student, the greater 
part of whose time is devoted to other than 
literary studies, should ask us to name the 
minimum of books essential to culture in its 
highest sense, we should say without hesitation : 
Road and re-read and make companions of the 
Bible, the works of Shakespeare, and the works 
of Scott. 

But we take it that tlic majority of the readers 
of this section of the Self-Educator are students 
first of English literature, its byways as well as its 
highways, and that therefore they seek guidance 
to more than the best books themselves ; that, 
in fact, as we have before suggested, they look 
for the man behind the book. In the case of 
Scott they have a noble quest. “ This was a man ! ” 
And we must be brought face to face with him 
before we can fully appreciate the splendid 
work that is but part of him. Therefore, we 
would have the young student spend his days 
and nights for a while with Lockhart’s ” Life ” 
— the second best biography in our language — 
and the equally moving pages of the now famous 
” Journal.” Such time would be well and 
profitably spent. If this advice be taken as 
counsel of perfection, well, there is an admirable 
monograph by Mr. Andrew Lang, in the 
“Literary Lives ” series. This brief biography, 
or rather appreciation, breathes that spirit of 
critical hero-worship which none but the best 
of men can inspire. Moreover, with the pen of 
the gifted writer, displayed to its fullest advan- 
tage, Mr. Lang brings before us the man of 
whom he writes — a man whose life was a greater 
romance than, perhaps, any that has been 
written out of the fulness of his own or any 
other man’s imagination. 

Scott's Aims as a Novelist. The career 
of Sir Walter Scott illustrates, as Professor 
Raleigh points out, the renewal and decision 
of the old battle between verse and prose for 
the prerogative possession of romantic themes. 
Scott “ took the bread out of the mouths of the 
novelists ” by his metrical romances, “ The 
Lay of the Last Minstrel ” (1805), “ Marmion ” 
(1808), “ The Lady of the Lake ” (1810) ; then, 
turning to prose, he proved that the historical 
and romantic interests need not be imperilled 
by the admixture of qualities that are known 
only to prose. “ In his works the novel proper 
and the romance, which had long been coquetting 
with each other, were at last wedded.” Scott’s 
genius was stirred by several bauses — among 
them being the French Revolution, the Napo- 
leonic wars, Percy’s “ Reliqu^s of Ancient 
English Poetry,” the songs of Burns, the ballads 
of Biir^r, and the early poems of Qoethe. Nor 
must the example of IHelding be discounted. 





klTBRATURB 


But the Irish novels of Maria Edgeworth first 
inspired in him the thought wliich found such 
eloquent expression in that vast treasure-house 
of literature which we know as the “ Waverley ” 
novels. We commend to the student as steps 
preliminary to the reading of these novels (1) 
a consultation of the “ General Preface," 
written by Scott jn 1829, which will be 
found in the first volume of all good editions ; 
and (2) the “ Epistle ” introductory to “ The 
Fortunes of Nigel,” written in 1822. Readers 
of the “ Life ” will appreciate the spur of 
necessity that drove Scott, who was never a 
laggard, to become a toiler by nigJit and by day, 
in sickness and in health ; no man of honour, 
genius, or spirit such as his was, ever made the 
love of gain less the purpose of his labours. 
He explains, in the “ Epistle ” to which we 
refer, that he was quite aware of the aims of 
Fielding, Smollett, Le Sage and others, as wrriters 
of novels, but ho goes on 
to was 

enough for him could he 


goodness interesting writhout beauty, without 
overmastering tragedy, without wallowing naked 
in the pathetic, without piission. 

Scott's Manliness. His chivalry is a re- 
proach to all who seek to achieve fame by moaner 
methods. “ Scott and Homer had a semse of 
reverence of human things : they did not lack the 
imagination necessary for the portrayal of the 
evil and terrible, but they did not seek success in 
that popular region. Scott was no prude, but he 
held the young in reverence, know'ing that 
among them lie must have many readers.” 
Tlie ” Waverley ” novels ” are not the work of 
any Peeping Tom who studies woman in her. 
dre.ssing-room, and trie^s to spy or smell out 
the secrets of the eternally feminine.” For 
the reader with any true feeling there can be 
few moments in modem literature more memo- 
rable than that in which Liana Vernon’ (in 
” Rob Roy ”), stooping do\m from her Highland 
pony, bids her lover faro* 
well over. Yet Carlyle, 
all of whose references to 


“ write w'ith sense and 
spirit a few scencis, un- 
laboured and loosely put 
together, but which had 
sufiicient interest in them 
to amuse in one corner the 
pain of body ; in another 
to relieve anxiety of mind ; 
in a third place to im- 
wrinkle a brow bent with 
tlie furrows of daily toil ; 
in another to fill the place 
of bad thoughts, or to 
suggest better ; in yet 
another to induce the idler 




Scott are not ungenerous, 
has placed on n^ord the 
remark that Scott “ fash- 
ions bis characters from 
the skin inwards, never 
getting near the heart of 
them.” Never wiis word 
more lightly spoken by 
man of intellectual weight. 
” Never,” asks Mr. Lang, 
” never near the broken, 
stoical heart of Saunders 
Muoklebackit (in * The 
Antiquary ’) ; of the fallen 
Bradwardine (in ‘ Waver- 


to study the history of his 
country ; in all, save where 
the perusal interrupted the 
discharge of serious duties, 
to furnish harmless amuse- 
ment.” 

History in Scott’s 
Novels. Others before 
Scott, as both Professor 
Masson and Mr. Lang After the paiuting by 
remind us, had attempted 

the historical novel, “ but wholly without his 
knowledge of history and of the actual way of 
living and thinking in various periods of the 
past.” He it was who “ first made the dry 
l^nes of history live.” The casual reader needs 
to bo reminded of tlie stores of varied and 


SIR WALTER SCOTT 
After the paiutiiig by Sir T. Lawrence, P.R. A. 


Icy *), happy in unsullied 
honour ; never near the 
heart of the maddened 
Peter Peebles (in ‘ Red- 
gauntlet ’) ; never near 
the flawless Christian heart 
of Bessy Macluro (in ‘ Old 
Mortality ’) ; or the heart 
of dauntless remorse of 
Nantv Ewart (in <R.d. 
gauntlet ) ; or the heart 
of sacrificed love in Diana Vernon (Scott’s early 
love) ; or the stout heart of Dalgetty (in the 
‘ lA^gend of Montrose’), in the dungeon of 
Inveraray ; or tlu'. secret soul of Mary Stuart 
(in ‘ The Abbot ’), revealed when she is reminded 
of Sebastian’s bridal masque, and the deed of 


accurate learning which were garnered in Scott’s 
capacious mind. This man was a student from 
fhis youth upwards. It is important also to 
secure at the outset of our study of his historical 
works a knowledge of his methods of dealing 
with history. Scott’s plan was never to make a 
famous character bf history the central personage 
of his tale. He never cx>ped with the records 
of actual events. But he achieved effects 
denied to some of the most painstaking and 
letter-faithful among historikns proper. 

In all that Scott wrote, wo breathe the free 
air of the mounted heights. He has made 


Kirk o’ Field ? 

Scott's Leading Characters. The glory 
of Scott’s work,” says Mr. Lang, **is, of course, 
not merely his wealth of incident, and his natural 
gift of story telling, but his crowd of characters, 
from his princes, such as James VT., an immortal 
picture, Louis XI., Elizabeth, Mary, Charles 
II., in flight or in such prosperity as he loved, 
to his Highland chiefs, his ploughmen, his 
lairds, Bucklaw, and old Redgauntlet the 
persecutor ; his copper captains in Alsatia, his 
bailies, his Covenanting preachers, his Claver- 
housc, his serving men, his Andrew Fairservioe^ 


1 y 


3340 


28 


UTBRATURB 


his yeomen, his Dandie Dinmont, with the 
Diiimont family and terriers, his wild women 
— Meg Merrilios and Madge Wildfire ” — Norna 
might be included ; his smugglers, his lawyers, 
from Pleydell to the elder Fairford, and ev(*n his 
bores, who, like Miss Austen’s bores, are cer- 
tainly too much with us — who can number the 
throng of such characters, all living and de- 
lightful ? The novels are recus ; the author 
has, in imagination, lived closely and long 
with his people, whether of his own day or of 
the past, before ho laid brush to canvas to 
execute their portraits. It is in this capticiity, 
as the creator of a vast throng of living people 
of every grade, and every variety of nature, 
humour, and temperament, that Scott, among 
British writ(u*s, is least remote from Shakespeare.” 

How to Read Scott's Novels. When 
the student, cither from Lockhart’s pages or 
those of Mr. Lang, has made himself convei*sant 
with the story of Scott’s life, he will find in the 
novels much of the inner history of that life 
reliected. Having ourselves in our earlier years 
read the ” Waverlcy ” novels in the order (or 
want of order) suggested by the fancy of theur 
titles, we later turned to Lockhart, and then 
lookup the novels in the order in which they were 
published. The r(‘sult was a revelation ; and 
we seriously commend the course indicated to 
every litiirary aspirant as well as to the general 
reader. The “ Waverley ” novels make excel- 
l(‘nt reading for the family circle ; we mean for 
that reading aloud, with discussion afterwards, 
which is an aid not only to the better under- 
standing of the author, but to many other things 
that are equally desirable. Such a method of 
, reading will bring out into strung relief the 
wholesome philosophy of the author. Scott’s 
novels, it must be rememlK^red, do not depend 
for their popularity finally upon their plots. 
Taking time to arrange a st-ory was a sore point 
with Scott. ” I have,” he has tSld us, “ re- 
pciat-edly laid down my future work to scale, 
dividt'd it into volumes and chapters, and 
endeavoured to construct a story wheh I meant 
should evolve itself gradually and strikingly, 
maintain sus|>cnsc and stimulate curiosity, and 
which, finally, should terminate in a striking 
catastrophe. But I think there is a demon who 
seats himself on the feather of my pen when I 
begin to write, and leads it astray from the 
purpose. Characters expand under my hand ; 
incidents are multiplied ; the story lingers 
while tho materials increase ; my regular mansion 
turns out a Gothic anomaly, and tlio work is 
closed long before 1 have attained the point I 
proposed.” Scott himself is his own keenest 
critic. He tells us further : “ When I light on 
such a character as Bailie Jorvie, or Dalgotty, 
my imagination brightens and 'my conception 
b^mes clearer at every step which I take in 
|ils coftt{)any, although it lea43 me many a 
^eary mile away from the regular road, and 
force.:: Itie liap hedge and ditch to get back into 

Iroute again.” 

Scott*» Literary Style* It has to be 
xifFj^mbered^ also, that much which was new 
wmipt Soott wrote, has now become hackneyed. 


and as we do not base our claim for Scott on the 
excellence of his plot^, so we do not fall back 
ujwn his style, of which the best that can be 
said is that it is a free'and easy medium wherewith 
he brings more valuable things thail style alone 
before us. R. L. Stevenson, who loved Scott 
and understood him os well as any critic that 
ever wrote of him, said many severe things about 
his literary style, and nowhere more aptly than 
in ” A Gos.sip on Romance,” which is printed in 
“ Memoirs and Portraits,” and should be read 
by the student. Scott was to Stevenson, as 
to every reasonable student of him, so gigantic 
that he could be made the subject of the severest 
criticism in details without in tho least seeming 
to detract from the mighty mass of his merits. 

Chronology of the “Waverley” 
Novels. By taking up the novels in the ordiT 
in which they wen? published rather than as 
fancy or other reasons may dictate, the student 
will be able to discern the workings of the 
author’s mind when dealing succe-ssively with 
special phases of character and particular situa- 
tions in human life. As to tho introductions and 
notes, these are not essential to the story in hand, 
and may l)e reserved for consideration till each 
story hiis been read. With the remark that tho 
authorship of the “ Waverley ” novels was for 
long a secret, in which rich and pobr, from the 
throne tlownwards, interested thi^msclves, it may 
be useful if we give a list of these works, with 
the dates of their publi(ui.tion, and an indication 
of the i)eriod with which they deal. 


Yoarof 



(‘iiticn. 

Title. 

PeritMi. 

1814 

“ Waverley ; or ’Tis Sixty Years 



Since ” 

1745 

1815 

“ Cuy Maimcring ” 

1760 

i81<5 

“ The Antiquary . 

1798 

181H 

“ Old Mortality ” . . 

1679 

1816 

“ Tho Black Dwarf ” * 

1708 

1817 

“ Iteb Roy ” 

1715 

1818 

“The Heart of Midlothian”' .. 

1736 

1819 

“ A LoKcnd of Montro.se ” 

1644 

1819 

“The Bride of Larinnenuuor ' 

1700 

1819 

“ ] vanhoe ” 

1194 

1820 

“ The Monastery ” 

“ The Abbot ” 

1569 

1820 

1670 

1821 

“ Kenilworth ” 

1676 

1821 

“ 1’ho Pirate ’* 

1700 

1822 

“ The Fortunes of Nigel ” 

“ Quentin Durward ” 

1620 

1823 

1470 

1823 

“ Pevcril of the Peak . 

1660 

1823 

“ St. Honan's Well ” 

1804 

1824 

“ Redgauntlet ” 

1770 

1825 

“ The Betrothed ” 

1187 

1825 

“ The Talisman ” . . . . * . . 

1193 

1826 

“ Woodstock ” 

1651 

1827 

“ Tho Surgeon’s Daughter ” 

1766 

1827 

“ The Two Drovers *’ f • • 

1766 

1827 

“ Tho Highland Widow ” t 

1766 

1828 

“ My Aunt Margaret’s Mirror ” t • • 

1700 

1828 

“ The Tapestried Chamber ” t • - 

1780 

1828 

“ The Laird’s Jock ” 1*^ . . 

1600 

1828 

“ The Fair Maid of Perth ” 

1402 

1829 

“ Anne of Geierstein ” 

1474 

18271 

1830/ 

Tales of a Grandfather ” 

11707 

U788 

1831 

“Count Robeft of Paris” ♦ 

1090 

1831 

“ Castle Dangerous ” 

1307 


* Tales ot My Landlord.'* 
t ** CbroniclM of the Ouiongaie * 
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The Origin of ••Waverloy.” A glance with, at no time, more than a million and a 

at the foregoing list will serve to show that half souls in it, it had spoken and acted with 

with few exceptions Scott, with all his love of some emphasis in relation to the bigger nations 
the Gothic, preferred to deal in his novels with around it. But, since Scott, the Thistle, till 
periods not far remote from his own time ; but then a roadside wot^d, has hod a great promotion 
he did for Scottish romance what Cervantes in universal botany, and blooms less prickly 
did for Spanish chivalry. Fourteen years befon^ than of yore, but the identical Thistle still, in all 
the appearance of “ Waverlcy” Scott attempttKi the gardens of the world. All round the globe 

the vein associated with the romantic talcs of the little land is famous ; tourists flock to it to 

Mrs. Rodcliffe and Horace Walpole. The first admire its scenery, while they shoot its game ; 

seven chapters of “ Waverlcy ” were written in and afar off, when the kilted regiments do 

1805, and then, on the advice of a friend, put British work, and the pibroch shrills them to the 
away, forgotten, and only recalled by the work they do, ask wh(;n(;o they come, the answer 

success of Miss Edgeworth and the task of com- is ‘ From the land of Scot t.’ 

Dieting Queenhoo Hall,” an imlinished romance The late James McNeil Whistler was asked, 
by James Strutt. The lost MS. was discovered “ What is the Future of English art ? ” and is 

when Scott was in que.st of fishing tackle, and said to have answered, “ Phil May.” It would 

the story was finished in four weeks. These be no extravagance if one were asked “ What is 

faetearc of particular interest as showing that English romance ? ” to answer Walter Scott.” 

Scott did not take to the writing of prose fiction Yes ; and French romance also, for his influence 

because Byron had beaten him in poetry. Thence- in France was profound; but for Scott there 

forward, for sixteen years, says Professor Herford, might have been no Dumas. He i.s ours to 

in his “ Age of Wordsworth,” “ the wonderful read with delight, to learn from, to love, to 

series of the ‘ vScotch novels.’ as they were use .as the golden key mlmitting to one of th<^ 

called, issued from the Ballantyncs’ pre3.s with- fairest kingdmns of earth, if indeed it he not 

out a pause; and for the last ten, at least, their the veritable fatiry land — the Kingdom of 

appearance was watched for as eagerly in Paris Romance. 

and Weimar as in London. 1’he poems had Bibliographical Note. 1'herc are so 
thrown the British world into a passing excite- rntyxy good and cheap editions of the “ Waver- 

ment ; the novels enlarged tluj intcllecituai ley ” novels that it is almost invidious to rccoin- 

horizon of all Europe, created in half-a-dozen mend one more than another. I’he “Centenary ” 

nations the novel of national life, and opened a edition, published by Messrs. A. and C. Black, is 

new epoch in the study of history.” Two facts one of flic best. Mi'ssrs. MacmillaTi publish ado- 
stand out clearly on a careful review of these light ful illustrated pocket edition in 2.5 volumes, 
novels ; one is that the characters are tyjws, the on India paper, edited, with Introductory Essayi 
second is the wonderful fidelity of the descrip- and Notes, by Mr. Andrew I-ang ; 2s. ii(it per 

tions of natural sc?enery. If the novels be volume. Another India paper pocket oditiou, - 

classified it will be found that two-thirds of them also in 25 vols., at 2s. net per volume, is issuinl h? 

are historical ; and it is worth noting, as examples Mc^ssrs. Nelson. Messrs. Dimt publish an i*ditio?i 

of the way in which Scott’s pen “ran awajr — the “ Temple” edition -edited by Mr. Cl(*mcnt 

with him,” how “The Heart of Midlothian ’ K. Shorter, in 4S vols. at Is. fid. net pt^r voL Mr. 

grew into one of the most humanly interesting AndrcwLaiig’s “ Sir Walter Scott ” (Hodder and 

of his books from what at first was a desire to Stoughton, 5s. fid.) gives much that is vital in 

write a novel around tlie Porteous Riots, and small compass. Mr. Orys Norgate’s “ Sir 
how, in “A IjCgend of Montro.so,” htstory is Walter Scott” (Methuen, 7s. fid.) is a painstaking 

again secondary to the creation of the iiu- pit^ce of work though lacking fire. Mr. R. H. 

mortal Dugald Dalgetty. Hutton’s “ Scott,” in the “ Kngli.sh Men of 

Scott as a National Asset. All litera- I^etters ” Scries (Macmillan, Is. fid), and the 

turo is a national a.sset — the theme is one “ Life ” by Prof. Saintsbury should not bo 

which the young student would find wondtu’fully overlooked. The best edition of Lockhart’s 

suggestive for inquiry — and it is difti<!ult to “ Life ” is the second in 10 vols. (18*38. Black, 

exaggerate what the British people in general, JIOs.) ; Mc^ssrs. Black add the work to their 

and the Scots in particular, owe to the author of “ Centenary ” issue in 2 vols, and publish an 

the “Waverley” novels. abridged edition at fis. Messrs. Hutchinson 

“ Scott,” as Professor Masson has said, “ is also publish an abj idged edition at Is. The 

greatest in his Scotticism. It is as a painter of “ Journal ” was published in one and two- 

Scottish life, an interpreter of Scottish lieliefs volume form in 1890 (Edinburgh. David 

and Scottish feelings, a narrator of Scottish Douglas). Nassau W. Senior, in his “ Essays 

history, that he attains to the height of his on Fiction ” (Longmans), deals at some length 

genius. He has Scotticised European Ute^rature. with Scott as a writer of historical roniance, 

He has interested the world in the little land. and in Sir Richard Jebb’s “ Introduction to 

It had been hem’d of before ; it had given the Homer ” (Maclehose) there is a striking parallel 

world some reason to be interested in it before ; between Homer and Scott. 

Continued 
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SPANISH By AmaAa de Alberti 


AUXILIARY VERBS 


There are three auxiliary verbs in Spanish, 
fmber^ to have ; ser and eatar^ two forms 
of the verb to be. 

Pronouns are rarely expressed with the verb, 
unless similarity of termination in the first and 
third persons makes it necessary to avoid 
ambiguity. 

Conjugation of Haber, To have 


Gerund, or 

Infinitive Present Participle 

haber, to liave hahiemb), having 

Past Partich'le 
habido^ had 
Indicative Mood 


PrenerU 
hfy I have 
^aSf thou hast 
ha, he has 
hemoA, we have 
habeis, you havt? 
han, they have 
Past Definite 
hnbe, I had 
hubiste, thou hadst 
hvho, he had 
Hvbimos, wo ha<i 
hvbisteis, you had 
hubieron, they had 


Imperfect 
huhta, T liad 
hxihim, tliou hadst 
habia, lie had 
habtatnos, we had 
hxihtais, you had 
habian, they had 
Future 

habre, I shall have 
habrds, thou wilt have 
Juihrd, he will have 
habremos, we shall hav<^ 
habreis, you will have 
ftabrdn, they will have 


Conditional Mood 


■ hahria, I should have 
Jiabrtas, thou wouldst have 
habria, he would have 
hahriamos, we should have 
hdbrtais, you would have 
habrian, tliey would have 

Subjunctive Mood 


Present 

haya, I may have haydmos, we may have 

hayas, thou mayst have hayais, you may have 
haya, he may have hayan, they may have 
Imperfect 

hubiera or hubiese, I might have 
hubieras or hvbie^es, thou mightst have 
hubiera or huhiese, ho might have 
hubiiramos or kubiesemos, we might have 
hubih'ais or hvbieseis, you might have 
hubieran or hubiesen, they might have 
Future. 

K ierct when 1 shall haxp 
ietes, when thou wilt nave 
when he wij} have 

^ %ubier€mo8^ when we shall have 
< 1 . hubUreiSf when you will have 

, hubieren, when they will have 


1. To have, as an independent verb signify- 
ing to possess, is expressed by tener, to have, 
hold, or possess. Example : Tengo un caballo^ 
I have a horse. 

2. Haber is also an impersonal verb forming 
its own compound tenses by the addition oi 
the past participle habido. The present of 
the indicative is hay, there is, there are. 
Examples : Hay pan. There is bread ; Hubiese 
habido (juerra. There might- have been war. 

3. The simple tenses of the verb haber with the 
preposition de and the infinitive of another 
verb signify must, have t-o, etc. Examples: 
Todfts los honbres han de morir. All men must 
die ; Hemos de. salir hxty. We have to go out 
to-day. 

4. Tener is also ust^d as an auxiliary in this 
manner, with the addition of que before the 
inlinitive insti»ad of de. Examples : Tengo que 
salir, I have to go out ; Tienen que trabajar, 
Ttjey have to work. 


Ser and Estar 

The use of ser and estar, the two forms of 
the verb to be, must be carefully distinguished : 

1. Ser is used to express an inherent and 
permanent ipiality. Example: Sqy un Ingles, 
I am an Engli.shman. 

2. Estar (expresses a passing condition. 
Example: Kstoy cansada, I am tired. 

3. Ser is always used with the past participle 
of a verb, to form the passive voice. 

4. Estar is used with the present participle 
to express the progressive form of an active 
verb. Example : Ser amado, to be loved ; 
Estar durmiendo, to bo sleeping. 


Conjugation of Estar, To be 

Infinitive Gerund 

estar, to be estando, being 

Past Participle 
estado, been 
Indicative Mood 


Present 
estoy, I am 
ejtids, thou art 
estd, he is 
eMamos, we are 
estais, you are 
estdn, they are 
Past Definite 
esiuve, I was 
estuviste, thou wast 
estuvo, he was 
estuvimoSf we were 
estuvisteis, you were 
estumiron, wiey were 


Imperfect 
eMaba, I was 
estahas, thou wast 
estaba, he was 
* estdbamos, we were 
estdbais, you were 
estaban, they were 
' Future 

estare, I shall be 
estardSf thou wPt be 
estard, he will bo 
"^estarinm, yre shall be 
estarHs, you will he, 
&ey will be 
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Conditional Mood 
estaria, I should be 
estariaSf thou wouldst be 
estaria, he would bt' 
eslariamas, we should bo 
estariais, you would be 
estarian, they would bo 
Imperative Mood 

Z8td, be (thou) . estemm, let us be 
este, let him be estad^ be (you) 
eaten, let them be 
Subjunctive Mood 
Present, 
este, I may be 
estL^^ thou mayesfc be 
este, he may be 
estemos, we may be 
esteis, you may be 
eaten, they may bo 
linperject. 

estuviera or eshwieae, I might be 
estuvieras or estuvieses, thou mightst 
estuviera or estuviese, he might be 
- eatuvieramos or eMmnhernos, we might be 
estuvihais or eMmdeseis, you might be 
estuvieran or estnviesen, they might be 
Future 

eatuviere, when I shall be 
eatuvierea, when thou wilt bo 
eatuviere, when ho will bo 
estumererms, when we shall be 
estuviereis, when you will be 
estuvieren, when they will be 
The oompound tcmses of estar are formed 
with the verb liaber and the past participle 
eatado : haher eatado, to have bism ; he estado. 


I have been, etc. 


Vocabulary 

Vocabulario 

Ambition 

La ambicion 

To be ambitious 

Ser ambieioso 

To have had ambition 

Haber tenido ambicion 

Audacity 

La audacia 

To be audacious 

Ser audaz 

To have audacity 

Toner audacia 

Doubt 

La cluda 

To have doubt 

Toner duda 

Cruelty 

La cruel dad 

To be cruel 

Ser cruel 

Desire 

El dcseo 

To have desired 

Haber dcscado 

I am conscientious 

Vo tengo conciencia 

I have scruples 

Tengo escrupulos 

To have had scruples 

Haber tenido cscrupulos 

They were hungry 

Tuvicron hambro 

Nobility 

La nobleza 

To have nobility 

T(mer nobleza 

Hope 

La e.speranza 

To nave hope 

Tenor esperanza 

To have had hope 

Haber tenido esperanza 

Faith 

La fe 

I have faith 

Tengo 

We have had faith 

Hemos tenido f6 

Charity 

La caridad 

To be charitable 

Ser caritativo 

To have charity 

Tener caridad 

To have had charity 

Haber tenido caridad 

Shame 

La vergiienza 

To have shame ' 

Tener verguenza 


To bo ashamed 

Estar avergonzado 

To bo shameless 

Ser desvorgonzado 

Indignation 

La indignaoion 

Interest 

El interes 

To be interestiid 

Estar interesado 

They had interest 

Tuvicron interes 

Profits 

Ganancias 

To have gained 

Halx^p ganado 

To gain 

Ganar 

Loss 

Pevdida 

To liave lost 

Haber pordido 

To have losses 

Tener p^rdidas 

Riches 

La riqueza 

To be rich 

Ser lieo 

Poverty 

La pobreza 

To be poor 

Ser pobre 

Pride 

El orgullo 

To be proud 

Ser orgulloso 

Dignity 

La dignidad 

To be dignified 

Ser digno 


Note. The article is used in Spanish before 
ambition, faith, hope, etc., where it is in- 
admissible in English. 

Exercise X. (1). 

Translate the following into Spanish : 

1. We are listening to that preacher who is 

cscuchando 

very charitable. 2. 1 have faith in that man. 

3. A irian should be digriiti(Hl in riches and in 

debe do ser 

poverty, and have hope and ambition. 4. A 

III in of scicncH? is rich. 3. To be rich is not 


always to be charitable. 0. Those men were 

sicmjire 

inter(‘sted in the bank, but now they have lostr 

tht‘ir interest. 7. That young man has had 

tenido 

ambition; his father must have been ambitious. 

ambioioso. 

8. Tlu^ archite(^t has scruples to havii signed 

ticne firmado 

the contract. 9. We are daunted by the fear of 

acobardados 

death. 10. That man must have been ill. 

*11. H(^ was starved. 12. They are playing 

hambriento jugando 

with the children. 13. He is in bed with 

cama . . 

fever ; call the doctor. 14. After having killed 

calentura; 

the thief wo were afraid. 

temerosos. 

Exercise X. (2). 

Translate the following into English : 

1. Dospues do haber comido, estuvimos de 

paseo. 2. Haber cantado, y estar llorando. 
crying. 

3. Estoy sentado con mi sombrero y mi gaban. 

seated , 

4. He sido caritativo ; he dado pan k los nirlos. 
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5. Habia Balido con mi porro, estando el colegial 


cn casa. Or Habre de tener un caballo, habrels 


dc oomprar una mula. 7. Homos de heredar 

. . . buy inherit 

mucho dinero. 8. Hemos mucrto al ladron. 


PROSE EXTRACT Vlll. 

From “An Essav on Shakespeare,” by Juan 
Valera. 

Few authoi’s have Poeos autorea han 
taken more from others tornado mas de los 
than Shakespeare, otros que Shakespeare. 
Everything whi(!h he I’odo lo que le pareeia 
thought beautiful, sub- bellosublinie,divertido, 
lime, amusing, agree- agradable, gracioso, lo 
able, or witty, ho took tomaba sin escrupulo 
jvithout scruple where donde lo hallaba. Ha 
he found it. A wise dicho un discrete, que 
man has said that in cn la literatura, no 
literature robbery is solo se disculpa sino 
not only excusable, que se gloritica el robo 
but even glorious when cuando le sigue el 
it is followed by murder, asosinato. Shake- 
Shakespeare was well speare siibia esta max- 
aware of this, and he ima, y no dejo dc, 
has not failed to mu rder asesinar a cuanlos robo, 
all those ho roblKxl, for de los autores robatlos 
not one of them would nadie se acordaria si no 
be remembered if lie hubieran sido robado.s. 
had not robbed them. Todos murieron — mas 
They are all dead — but Shakespeare vive, y los 
Shakespeare lives, and porsonajes que aquellos 
the characters which autores orearon 6 evo- 
those authors creat(«l earon a una vida vaga 
or evoked to a vague y corno de sombra, y d 
and shadowy life in a una luz indecisa crcpiis- 
dim uncertain twilight cular e incierta, han 
have been brought by sido ti’aidos por Shake- 
Shakespcarc into the speare a la j’adiante y 
radiant noonday light moridiana luz de la 
of immortal glory, and gloria inmortal y d 
to a life firmer, clearer, una vida mas firrne, 
and more real than that mas clara, mas real 
of all the heroes of his- que la de todos los 
tory. htu’oes de la hiatoria. 

The worth of Shake- Crando ha sido el 
speare must have been valor de Shakespeare 
great to have accorn- para conseguir esto : 
plished this, but his pero ha sido mayor an 
good fortune has been fortuna. ; Quien duda 
greater still. Who sin embargo, de que 
doubts, however, that la fortuna es el mas 
fortune is the most poderoso elemento del 
poUmt element of valor ? 
wortli ? 

Faust, Marguerite, Fausto, Margarita, y 
and Mephistophelcs, Mefist6fele, y Werther 
Werthor and Charlotte y Carlota, en la litera- 
in German, and Don tura alemana, y solo 
Quixote, Sancho, Dul- D. Quijoto, Sancho, 
cipea, and Don Juan Dulcinea, y D. Juan 
Tanoeia/ yA .Spanish Tenorio, en la espaflola, 
areola j^lily ciidracters son las personafes que 
in |mibplarr«literature por la notoriedad la 
; AO known that lama, y el fulgo^ 

' lame and shining glorioso se pueden com* 



glory can be compared pararse 41osper8ona]e8 
to the characters of de Shakespeare en las 
Shakespeare. hteraturas europeas*. 

But is this due to the ; Pero depende esto 
faet that there is no de que en los dramas de 
characterbut Don Juan ♦ I^ope, T^rso, Calderon, 
in the dramas of Lope, Moreto, Alarcon y 
Tirso, Calderon, Moreto, Rojas de que en todo 
Alarcon, and Rojas, or nuestro gran teatro 
in the whole of our espafkol no haya mds 
great Spanish drama- persona jes que D. Juan 
tic literature, as full of con tanto aliento de 
the breath of life and vida, con tanto pre- 
predestination to im- destinacion para la in- 
mortality as the Shake- mortalidad, como los 
spearean heroes ? It is hdroes Shakespeari- 
true that in all our anos ? La verdad es 
great dramatic litera- que no hay en nuestro 
ture there are no other gran teatro espailol 
characters that live like otros pecsonajes que 
these. Does the fault vivan como aquellos. 
lie with our poets or iFue mengua de 
with fortune ? nuestros poetas 6 ,de 

la fortuna ? 

Shakespeare wrote Shakespeare escribid 
for a nation beginning para un pueblo que 
to be groat, about to empezaba a scr grande, 
extend its empire, im- que iba a extender su 
prove its individual and imperio, a mejorar su 
racial civilisation, and civilizimion castiza y 
diiTuso and make it felt propria a difundirla y 
throughout all the 4 hacerla valer por 
regions of the earth, todas las regiones del 
Writing for the people, mundo. Como escribid 
ho was inspired by, and para el pueblo, escribid 
full of, the thoughts inspiraefo y lleuo de los 
and feelings of the peo- pensamientos y senti- 
ple, and his mind and mientos del pueblo, y 
works are big with the su monte y sus obros 
future ; they contain ostan henehidas de lo 
the germ of the spirit of porvenir ; contieuenen 
England to-day. germen todo el espiritu 

de Inglatcrra cn el dia. 

Our diamatists also Nuestros dramdticos 
wrote for the i>eople, oscribieron tambien 
and were full of the para el pueblo y llenos 
feelings of the people — de los sentimientos del 
but of a people on the pueblo — pero de un 
point of death, a people pueblo que moria, de 
whose individual racial un pueblo cuya civilK 
civilisation was about zacidn castiza y propria 
to disappear, and in iba a desaparecer, y 
whom the spirit of cuyo espiritu de en- 
those days was not to tonces no habia de ser 
be the spirit of U)-day. el espiritu do ahora. De 
Thus it is that their aqui es que aquellos 
heroes speak a language hiroes hablen una 
'Which even Spaniards lengua que apenas 
hardly understand, and entienden ya ^ los 
express feelings and espafloles, y e^presen 
ideas which Spaniards sentimientos 4 ideas de 
no longer share. How, que los espanoles mis- 
then, can strangers mos ya no partieipan. 
understand them when i C6mo, pues han de 
Spaniards understand entenderk>s bs ex- 
them no more f tranjeros, ouando los 

^ espaiioles no bs en^ 

tienden ya t . ^ f ^ 
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Juan Valera (1830- 
1905), one of the most 
distinguished men of 
letters of this century. 
Ho was a poet, critic, 
novelist, and diplomat- 
ist, and the author of 
“ Pepita Jimenez,'’ pro- 
bably the best known 
of modern Spanish 
novels- The essay from 
which our extract is 
taken was written as a 
preface to a translation 
of Shakespeare's works 
by D. Jaime Clark. 


Juan Valera (1830- 
1905), uno de los horn- 
bres mas distinguidos 
do este siglo. Fu6 poeta, 
critico, novelista, dip- 
lomatico, y autor de 
“ Popita Jimenez,” pro- 
bablemcnte la novela 
mejor conocida de la 
novelas modernas 
espaholas. El i^msayo 
del cual hemos tornado 
nuestro extraeto fuc 
escrito como prefacio dt^ 
una traduccion do las 
obras dc Shakespeare 
por D. Jaime Clark. 


Key to Exercise TX. (1). 

1. Esa mujer vino cual un angel do Dios. 

2. i Qui4n cant6 ? Nadio canto. 

3. Alguion vino esta mahana. 

4. Alguno me ha. dicho. • 

5. Algo so ha de decir. 

6. Nada me dijo. 

7. Ninguno conoce el wiminal. 


8. Quienquiera ha dicho esto ea un mentiroso. 

9. Es un cualquiera ; cualesquiera puede verlo. 

10. Todos hablan ingles. • 

11. Otro almiranio otra fragata. 

12. Ese hombre es soez, pero aquel es cortes. 

13. Aquol fu6 condenado a muerte. 

14. No se hen de esa mujer, vale poeo. 

15. Ese colegial es cstudioso. 

16. Aquel es estudiante de medecina y sera 
un buen doctor. 

17. El criminal fu6 ahorcado esta manana. 

‘Key to Exercise IX. (2). 

1. Who wrote the letter ? 

2. What a misfortune ! 

3. To whom do you owe money ? 

4. '^riic men whom thisy killed deserved it. 

5. How do you like that woman ? She is of 

little worth. ^ 

6. Such was his bad life -- such was his death ! 

7. The criminal was hung. 

8. The bricklayer and the whitowasher have 
arrived. 

9. The forger was a liar. 

10. The architect was drunk. 

11. The gunsmith has my gun. 


Continued 
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By Francesco de Feo 


VERBS : First Conjugation 

Infinitive in -a-rc .* Domandare, to ask 
Indicative Mood 
Present 

domamlo, I ask doman<li(mi<tf we ask 

domandi, thou askost dormimlaley you ask 
domandUf he, she, it asks domdmlano^ they ask 
Past hideflnite 
Iw domandato, I have asked 
hai domandoJto^ thou hast asked 
ha domandato, he has asked 
ahbiamo domandatOj we have asked 
avete doniandato, you have asked 
hanno domandato^ they have asked 
Imyerfect 

domandavo^ I asked 
domandavi, thou askedat 
domandavat ho asked 
domandavamOf we asked 
domandavatef you asked 
dormnMvanoy they asked 

First Pluperfect 
avevo domandatOy I had asked 
avevi ^hmandcUOy thou hadst asked 
aveva d<mandatOy he had asked 
avevamo domandcUOy wo had asked 
avevate domandatOy you had asked 
av^no domandatoy they had asked 
Pa^t Definite 
domandaiy I asked 
dtmandaMiy thou askedst 
domanddy he asked 
d^mandaffmoy wo asked 
domanda^ey you asked 
domanddrono, they asked 


Second Pluperfevt 
ebbi dornandatOy I had asked 
avesti dornandatOy thou hadst asked 
ehbe domandatOy ho had asked 
avemmo dvniandalOy we had asked 
aveMe domandfitoy you had asked 
ebbero domundatOy they had asked 
Future 

dornanderdy I shall ask 
dornanderaiy tlum wilt ask 
d^munderdy he will ask 
dom<inderenu)y we shall ask 
domandcretey you will ask 
domamlerannoy they will ask 
Future Perfect 

avrd d(jinandato, I shall have asked 
avrai dornandatOy thou wilt have a.sked 
ai^d dornandatOy he will have asked 
avremo domandatoy we shall have asked 
ameie domandatOy you will have asked 
avranno domandatOy they will have asked 


Imperative Mood 
Present 


domanday ask (thou) 
domandiy let him ask 
domandiamoy let us ask 
domandatey ask (you) 
domdndino, lot tliern ask, ask 

Subjunctive Mood 
Present 


(che) domandiy (that) I ask 

domandiy „ thou ask 
domandiy he ask 

domandiamOy wo ask 
domandiatey you ask 

domdndinoy they ask 
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Perfed 

{che) dhbia domandtUo, (that) I have asked 

„ abbia llomandato^ „ thou have asked 

,, abbia domandato^ ,, ho have asked 

,, abhiamo domandatOy .. we have asked 

,, ahhiate domandato, you have asked 

„ dhhiano domandatOy they have asked 

Imperfect 

{chCy se) dofnandassiy (that, if) I asked 

donmndassiy thon asked 

dimayidauftCy .. he asked 

dtmianddssimOy ,, we asked 

doniaiuluste. . you asked 

domand/tsserOy they asked 

Pluperfect 

(che se) avejisi domandatOy (that, if) I had asked 

avessi donmndeito, thou h ad asked 

avesse domandatOy he had .asked 

avessima domandatOy we had asked 

avestc domarulatOy you had asked 

avessero domandatiK they had asked 

Condition A I. Mood 
Presenl ■ 

domandereiy I should ask 
d^omanderestiy thou wt)uldst ^isk 
domanderebbcy he would ask 
domanderemnmy we should ask 
domanderestey you would ask 
domanderehberoy they would ask 
Perfect 

avrei domavdatOy I should have asked 
avresti domandatOy thou wouldst have disked 
avrebbe domandatOy be would have asked 
avremfno domandatd, we should have asked 
avreste domandatOy you would have asked 
atrebbero domamlatoy they would have asked 

Infinitive Mood 
Present : dornandare, to ask 
Perfect : aver domandatOy to have asked 
Gerund 

Present : dormndandoy asking 
Perfect : aveiido domandatoy having asked 
Participle 

PreserU : dovuindantey -i, asking 
Perfect : domandatOy -a, -t, -e, asked 

Exekcise XIX. 
amare (ahmdhreh)y to love 
insegnare {eenaehnee-dhreh)y to teach 
imparare (eempahrdhreh)y to learn 
lavare (lah-vdhrek), to wash 
cantare (ccthn-tahreli), to sing 
perdonare (pekr-dondhreh), to forgive 
bruciare {broo-chee-dkreh)y to burn 
laiHrrare (lahvordhreh)y to work 
pensare (pehn-8dhreh)y to think 
studiare (stoodee-dhreh), to study 
tajliare (tahdee-dhreh)y to cut 
haUare (hahlldJireh), to dance 
contare (e/ynialtreh)y to count 
acoettart (ahcheh-ttdhreh), to accept 
. inuMre {nuihncdhreh)y to fail 
($pehrd%reh)y to hope 
4 cam£^kre Jmhfnhee-^reh)y to change 
man>giare'{makndgee-dkr^)y tP eat 
. fumare (fo<mdhr^)f 
ingannare to deoetvta 


They ' spoke. Did th^ npeak t Dost' thou 
love ? Did tou team ? I aid not wash. We 
shall pay. Let us forget. Do you sing ? Do 
not a^. If you bought. If we bought. They 
would forgive. To burn. Assured. When I 
entered. He entered. If I entered. Working. 
Having copied. We shall have paid. We shtdl 
begin. We thought. They learned. If I had 
studied. I think they have accepted. Let us 
pray. We should ^vise. We would have 
refused. I will not fail. Have they not sent ? 
I thought they had sent. 

Remarks on the First Conjugation. 
1. Verbs ending in -care, -gare, -scare preserve 
the guttural sound throughout the conjugation ; 
therefore an h must be added to Cy gy sc before 
the terminations beginning with % or c. [See 
Observations on the Plural of Nouns, page 2485. ) 
Examples: Cercare, to look for, ceremamoy wo 
look for, cercHeremOy we shall look for ; pregare, 
to pray, pregniamoy we pray, pregnerd, I shall 
pray ; pescare, to fish, pesCRiamOy ure fish, 
pesenereynoy we sliall fish. 

2. Verbs ending in -ciarey -giarey -sciare preserve 
the ])alatal sound throughout the conjugation, 
therefore an i rnti.st be added to c, jjf, and sc 
before the terminations not beginning with i or e, 
Examplc^s : coniincmrcy t o begin ; comincianoy 
they begin ; comivrAdy he began ; but com- 
incEremOy we shall begin, cominciamoy we begin 
(and NOT comiyic-x-erenvoy cominc-l-iamo) : man- 
giarCy to eat ; mdmjianOy they eat ; imngiammoy 
we ate ; but manai&re'nu)y we shall eat ; man- 
(ijanWy wo eat (and not mang-x-ereynoy mang-i- 
iamo ) ; lasciarcy to let ; IdsaanOy they let ; 
lascAGy he let ; but lascereniOy wo shall let ; . 
laaciamoy we lot (and not lasc-i-eremoy lasc-i- 
iamo). 

3. Verba ending in -chiare and -gliare drop 
the i Ucdore terminations begiiming with an i. 
Example ; pigliarey to take ; pigliamo, we take ; 
(not pigli-iamo) ; appareceftiarey to prepare ; 
appareccMamOy we prepare (not apparecchi- 
iamo). 

4. Verbs ending in -tare (with the t accented in 
some of tin? forms of the conjugation) retain the 
i before the terminations •», -ino. Example ; 
obliarey to forget ; ohliiy thou forgetoat ; ohliinoy 
that they may forget ; but obliamoy we forget 
(and not ohli-iaim ) ; invian\ to send ; invn, 
thou sendest ; tnvlino, that, they may send ; 
but invixuoy wo send (not invi-iamo). 

Note. In the forms MiamOy inviamoy etc., 
the i must be pronounced very distinctly; oblei- 
dhmoy eetive^-dhmo. 

Exercise XX. 

viaggiare (veeahdgee-dhreh)^ to travel 
confidare (confeeddihreh), to entrust 
provare (provdhreh)y to try 
aspettare (ahspeJUtdJtreh), to wait 
passeggiare (pahssehdg-eedhreh)y to walk 
guastare (gtMh8tdkreh\ to spoil 
mostrare {mo8trdhreh)y to show 
nevicare (nehveecdhreh)^ to snow 
fUamare (reetorndhreh) to return 
aseoUare (ahscoUdhreh)f to listen 
sgridare (Bgreeddhrek\ to soold 
suonare {aoo-emdhr^y, to ring, to play 
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ininvinare (eendavee^ndhreh), to guess 

bitbigliare {bees-bee-lee-dhreh), to whisper 

incorUrare {een-conirdhreh), to meet 

toccare {toccdh-reh), to touch 

^ neeesaMo {eh nehchesaaJi-reo)^ it is necessary 

credo (^khdo)^ I think, I believe 

awenire {ahvveh-ne^-r€h)y future 

conaiglio {conaee-leeo), advise 

aano e aalvo (adhno eh adhlvo)^ safely. 

1. Noi studiamo Tltaliano. 2. Qucst'anno 
abbiamo viaggiato tutto rinyerno e viaggerenio 
ancora questo autunno. 3. E necess6,rio cho voi 
pensiate al vostro awenire. 4. Se avcssimo 
asooltato i vostri consigli avreramo ancora tutto 
il nostro danaro. 5. lo mangiai molto }K)co, 


ma voi non mangiasto addirittura niente. d. 
Incontrcrorno i nostri amici a Parigi, e ritorm^- 
remo insieme a Ix>ndra. 7. Speriamo che tutti 
arrivino sani o salvi. S. Sbagliando s' impara 
{o7ie learns). 9. Se av^iSRimo lavorato di pih 
avremmo gia completato il nostro lavoro ; ora 
chi sa {who knows) so ravrcnu) complettito 
quando il padrone lo {it) domandora. 10. 
Arrivaste in tempo I’altra sera ? 11. Credo cho 

presto novichen\. 12. Guardate, ma non tix^iate. 

13. Non dimentichiamo di aiutare i poverelli. 

14. lo avcvo giii copiato la lettera quando egli 
entrd. 15. Portate questa 16tt(*ra al suo 
iiulirizzo, per piaeen?. 10. Quando essi arri- 
varono trovarono la porta chiusa. 


Contimied 


FRENCH 

VERBS 

Conditional Mood 

1 . The Conditional expresses state or action 
as depending on some condition, and is eon> 
nected with an “ if ” claustj in past time : 

LeasoldcUs feraient hien leur devoir s’ Us Hamit 
bien commandea^ The soldiers would do their 
duty properly if they were properly com- 
manded. 

2. It is also used as a future in past time : 

1 1 w’tt dil bier gu'il viendrait aujourd'hui., Ho 
told me yesterday that he would come to-day. 

3. The conditional must never ho used afters, 
if : I would write to you if I should have need 
of you, Je vous ecrirais si famis hesoin de t^ms. 

4 . In English the past is frequently used 
instead of the conditional after “ when,” “ as 
soon as,” etc,; in French the conditional must 
always be used : 

I told him I should speak to you almut it 
as soon as I saw you, Je Ini aidit que jc vous m 
parlerais d^s que je mus verrais. 

■ 5. The pluperfect subjunctive is used as a 
second form of the conditional ; and when that 
is the case it may be preceded by si, if ; 

Jl n'etU pas public son ouvragcy s'il n'eut pas 
cru quHl 'pdJt etre utile, He would not have 
^lublished nis work, if he had not believed that 
it migh{^ be useful. 

In this sentence the first pluperfect subjunc- 
tive may be replaced by the past conditional ; 
but the second, being prc<jeded by si, can be 
replaced only by the in^cative : 

H n^aurait pas public son ouvrage, sHl n^avait' 
pas cru qu'il piU etre utile. 

0. If would ” and “ should ” are “ notional 
verbs ” in English, the conditional does not 
suffice to express them. An independent 
verb, usually devoir, must then be used : 

If you have ngt yet done it, you should do 
it without further delay, vous ne Vavez pas 
encore fait, vous devriez le faire sans plus tarder. 

Subjunctive Mood 

L The Qubjunctivb is used in subordinate 
sentences, as its name implies. It usually 
follows main elapses expressive of a wish, 
desire or commiandt prohibition, pleasure, regret 
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or nece^ssity, or containing a negative or an 
interrogat iv(*- viTb : 

Je mnhaite que vous reusaissiez, I wish you 
may succeed ; 

Je desire qu'il vienne, I desire him to come ; 

J'ordonne que vous ini obHssiez, I order you 
to obey him ; 

Nous sornmes ravis que vous ayez rfus.U, Wo 
are delighted that you have succeeded ; 

Je ne saoais pas quo. v<nis jussiez amis, 1 
did not know you were friends ; 

Croijez-vons qu'il vienne ? Do you think 
he will come ? 

2. The SuB.7UN( TiVK is also rcquiroil after 
certain eonjimctions, such as, ap.n que, in 
order that ; qnoique, altliough ; de crainte qiie, 
for b^ar lest ; pourvu que, provided that ; 

(U* livre est ton jours sur le bureau, a fin qu'ou 
puisse le consnUer, That boc^k is always on the 
desk, so that it- may he consulted ; 

Qmnqnil soit /xiuvre, il e.st heureiix. Although 
he is poor, he is happy. 

3. The present subjunctive follows a present or 
future in the main elaiiso. 

4. The*, imperfect follows any of t he past tense.s 
and also the conditional : 

Il faut que nous ecrivions. It is necessary that 
we should write ; 

11 faudra que nous ejcrivims. It will be necessary 
for us to write ; 

1 1 faUait que nous ecriinssU/ns, It was necessary 
that we should write ; 

Jl fatuirait que nous Hrivissions, It would be 
mwessary that we should write. 

Infinitive Mood 

1. The Infinitive is used without any 
intervening preposition aftcT certain verbs, of 
which the most common arc : aimer mieux, 
and prejerer, to prefer ; croire, to Iielitive ; 
desirer and vouloir, to wish ; devoir, to have 
to (ought, must) ; falloir, to be necessary ; faire, 
to make, to cause to ; laisser, to let ; oser, to 
dare ; pouvoir, to be able ; regarder and voir, to 
look at, to see ; savoir, to know how to ; 
entendre and eoouter, to hear, to listen to : 

J^aime mieux ne rien dire, I prefer to say 
nothing ; 
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II croit him fairtt He thinks he is doing right ; 

II vent parler. He wishes to speak ; 

II taut obeir aux loia, It is necessary to obey 
the laws ; 

Nous avons fait hdtir une maison. We have 
got a house built ; 

II a Uiisse tomher sa canne. He has let his 
walking-stick fall ; 

Je le vois venir, I see him coming ; 

II suit lire el ecrirey He can nuxd and write. 

2. In English verbs of motion are frequently 
connected by “ and ” to another verb in the 
same tense. In French the second verb is 
put in the infinitive ; 

I shall go and see him, J^irai le voir. 

3. Of the verbs that’ require a before an 
infinitive, the following are of frequent 
occurrence : 

Aimery to like to ; apprendrey to learn, to 
teach ; commcncery to begin ; consentiry to con- 
sent ; enseigneVy to teach ; renoncevy to give up ; 
reussiry to succeed ; 

II aime d joiiery He likes to play ; 

^ Elle apprend d tricoteVy She is learning to knit ; 

Cel enfant commence d parler y That child is 
beginning to talk ; 

Nous avons rcussi d le convainrrfy We have 
succeeded in convincing him ; 

Consentez-vou8 d le recevoir? Do you consent 
to receive him ? 

4. Of the verbs that require de before an 
infinitive, the following are the most common : 

Achever to complete, finish ; /mtV, to finish ; 
cesseVy to cease ; commander^ to command ; 
cmseillery to advise ; craindrcy to fear ; defendrcy 
to forbid ; empechery to prevent ; pricCy to b(^g ; 
refusery to refuse ; regrettevy to regret ; 

II cejisa de parlevy He ceased speaking ; 

11 commanda aux soldais de fat re feuy He com- 
manded the soldiers to fire ; Je vans conseille 
de ne. pas y alleVy I advise you not to go there ; 
Craigiiez-vous de ne pas reussir ? Do you fear 
not to succeed ? 11 nous a defendu de jouer. 

He has forbidden us to play ; EmpeehezJe 
rfVw/rer, Prevent his coming in ; II nip priedelui 
ecrirOy He begged me to write to him ; Je re- 
grettf> de ne pas Vavoir vUy I n^gret not liaving 
seen him. 

5. Impersonal expressions made up of etre and 
an adjective require de before the infinitive ; 

II est impossible de VarrHeXy It is impossible 
to stop him ; 7/ eM facile de s'y meprerulrey 
It is easy to make a mistake about it. 

6. When not occurring in impersonsil expres- 
sions, adjectives are usually followed by d ; 

C^est facile d comprendre, That is easy to under- 
stand ; 11 est difficile d CA)ntenicry He is difficult 
to please. 

7. An infinitive is usually preceded by de 
when it is used as the complement of a noun : 

Le disir de plairCy The wish to please ; II 
eat Vheure de diner y It is the dinner hour ; Laissez- 
moi le temps de ranger mes affairesy Leave me 
^inie to pul my things in order. 

IVesent Participle 

The Pee.sent Partiotple always ends in 
hfUy and ia invariable. It expresses an aotiom 
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and differs in this from the verbal adjective 
which also ends in ant, but expresses a quality, 
and agrees in gender and number with its noun : 

Voyez-rxyu-s la roaee degouttant des feuilles ? 
Do you see the dew dropping from the leaves ? 
Voyez-vous ces feuilles degotUtantes de roaee ? 
Do you see those leaves dripping with dew ? 

Past Participle 

The Past Partioipi.e of regular verbs ends 
in e in the first conjugation, donne ; in t in the 
second, fini ; and in u in the third and fourth, 
rcQUy vendu. 

1. The past participle, when not accompanied 
by etre or avoir y plays the part of an adjective, 
and agrees in gender and number with its 
noun : 

Lea mediants ont hien de la peine d demeurer 
unisy The wicked have great difficulty in re- 
maining united. 

2. When the j^ast participle is accompanied 
by MrCy it agrees with the subject of the verb : 

La vertu obscure est souvent meprisee. Obscure 
virtue is often despised. 

3. Wh<m a past par! iciplo is accompanied 
by avfdr — ihat is to say, in all the compound 
tenses of active verbs — it agrees, not with the 
subject of the verb, but with the direct object, 
provided that object precedes the verb : 

Les m fill cures harangues sont celles que le 
civur a dideesy The best harangues are those 
which the heart has dictated. 

In this sentence dictees agrees with que, 
which is the direct object and precedes the 
verb. But there is no agreement in Le cceut 
a dirte les meilleures harangues. The heart 
has dictated the best harangues, because the 
object, les meilleures harangues conu^s after the 
verb. 

Key to Exekcisk XXIV. 

], Les ours grimpent sur les arhnis. 

2. Lc‘ soleil brille pour tout le mondo. 

3. La terre no refuse rien a eeux qui la eul- 
tivent. 

4. Les chemins de for ont contribue au 
progrds du commerce. 

5. S’il vous priHe son livre n’oubliez paa 
de Ten remereier. 

(>. II y a plus d’une heure que nous travaillons. 

7. Colui qui n’a pas cultivc ne reeoltcra pas. 

8. Vous regrettcrez de ne pas lui avoir parle. 

9. On m’ a (‘mpeehe d'entrer. 

10. Vos parents desirent que vous travaillioz 
assidumont. 

11. 11 y avait deux lujuroa que je I’attendais 
quand on m’a apporte sa lettre. 

12. Le siege de Troie dura dix ans. 

13. Si je I’osais je lui demanderais de me 
pretcr vingt francs. 

14. II m’a dit qu’il m’cxpliquerait cetto r6gle. 

15. Quand nous e\kmes achev6 notre travail, 
nous allames joucr, 

16. Je lui ai dit hier que je viendrais lui 
parler aujourd’hui. 

17. 11 ne nous rencontre jamais sans nous 
empruntor de I’argent. 

18. Je ne lui aurais rien donnd s’il n’avait 
pas eu Fair si malhoureux. 
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19. Croyez-vous que votre p6ro rentre avant 
midi Y 

20. Je souhaito qu’il vous donne co que 
vous lui avez demand^. 

21. Le* dictionnaire est sur la table ; con- 
sultez’le. 

22. Priez-lo d’cntrer. 


23. Domandez k vos amis ce qu’ils pensent 
de vous. 

24. Votre frere parle-t-il franyais aussi bien 
quo vous ? 

2/5. 11 est dilfic.ilo de triompher du prejuge. 

26. Votre ami osorait-il Icur parlor s’il lea 
roncontrait ? 


GERMAN 


By P. G. Konody and Dr. Osten 


LXII. Auxiliary Verbs of Mood. 

There are six auxiliary verbs of mood in German: 
feiuien, to be able ; buifcu. to bo allowed ; mc^cn, 
to like ; U)oUcn, to bo willing ; fcllen, to be to 
(I ought); miilTcti, to be obliged. These arc 
irregular verbs [see LX T.], and do not denote 
independent actions, but are generally used to 
modify the actions expressed by other verbs. 
The latter (when employed with an auxiliary 
verb of mood) stand in the inlinitive (dependent 
infinitive). 

1. The auxiliary verbs of mood and the verbs 

(affcii, to let; l)cijieii, to bid, let^rcn*, t<i teach 
Urnen to learn ; ff()fn, to see ; t<3 help 

mac^cn, to make, to do; braud'cii, to need 
form the past participle in two ways : (a) used 
independently with (he weak suffix -t and 
th^ prefix fle-; and (b) in connection with a 
dependent infinitive [see LXTI.J of the strong 
form (suffix -tn), which has the same sound as 
the infinitive. Thus, fifitucu forms the w'eak 
past participle ^e-lonn-t, and the strong |mt 
jjarticiple fbtm-cti : fami (indeiK'ndent vtub) 

mcinc I know my lesson, and 3d) farm 

(auxiliary verb of mood with dependent infinitive) 
meinc 5lufqabc (jetfa^cn, I am able fl know] to say 
my le.sson ; 3d) l)ab< nicine ^luftvibc fount, I 
have known my lesson, and 3d) l)abc utciuc Vluf- 
gabe l)frfac;cu foniicu, I have been able to say 
my lesson. 

2. If the dependent infinitive is omitted, as 
being obvious, the past participle of the auxiliary 
verb of mood stands alone and is used in its 
weak form: .^abon @ie 3t)te Vlufgabc bcvfa^eu fonucu ? 
Have you been able to say your lesjjon ? 
3c^ l^abe uid)t qc fount, I have not been able. 
In a similar way are used: 3d) l)abf ci» i()ni 
aefeeificn (weak past participle), I have bid him 
[doj it, and 3d) l)abc f<5 il)U tun t) c i ^ c u (strong 
past participle) [also cifl)fipcn] ; 3d) l^abe ebraii 
^emac^t, I have made something, and 3d) f)abe 
ion wit vebeu madden [also ^cmac^t], I luwe 
made [people] talk of me. 

3. Compounds of the verbs mentioned in 
LXII., 1, only take the weak, and never the 
strong form of the past participle. Examples; 
be-biirf<n, to be in need of, beburft ; Ofr-nic^rn, to 
be able, oermoebt; gc-braueben, to use, gebrautfit; 
auf-b«(fcn. to help, to succour, ttufflc()o(fcn. These 
past participles are of course formed according 
to the rules which govern the verbs with 
separable and inseparable prefixes. 

* The strong forms „lel)ren" ,dfrncu", are but 
very rarely used in modem German, the weak 
forms „aelebrt", „(jcternt", being generally employed. 


4. The use of the auxiliary verbs of mood 
difiers greatly in the two languages, and the 
correct employment of theun in German can only 
bo ac«]uir(5d by practical experience. The 
general uses of these auxiliary verl)s of moo(f 
will bo dealt with subsetiuenily. 

LXIII. Passive Voice of Verbs. Only 
transitive verbs [see XLl h] admit of tlie passive 
voice in all tenses. 'Fhe active voice: T)cr 'JJatft 
lifbt biui .ftinb. The father loves the child, 
is changed into the passive by changing the 
.subject of the sentence ; T)ac< .ft'iub W i v b \)om 
'Ihitcr ftf I iebt , The child is [gels] loved by the 
father. In the first case the father is the subject, 
in the second the child. With intransitive verbs 
the passive voice can generally only be formed 
with theaid of the iniper.sonii.l it, which then 
is the subject: Tic '^duiitfiv iua()tcii, The mowers 
mowed; and passive: UMivbf vrit bf u v»d)uificru 

^cutdbt. 

1. Many intransitive verbs, eH])ecially in 
sentences which indicate measure and answer 
to the qu(‘Htions how njuch? how long 
how far ? admit no passive voice : Tev itraufo 
lac^ ihcr "111(011)011 (im '^ette), The patient lay 
four weeks | was in bed four weeks], cannot he 
put into the passive voice. T>fr ^Ik'auu «tal)lt 
80 3‘^()vc, The man counts 80 ycais (is 80 years 
of agej ; hut never ; ce Jinubcii v»em 'IVauue 80 3a()rc 

2. Transitive verbs which in certain connec- 
tions denote the passive sbit(' even in the active 
voice caniu>t easily be brought into the passive 
voice : C?v verier bic Oicbulb, He lost [the] patience, 
does not admit the p/issive: !t)if (%bulb uuivbe 
von il)ui vcrlorcu. 

3. Where custom has formed a kind of 

idimuatic unity (compound) of the verb and 
object, the passive is not employed, though it 
is grammatically correct: (Mebaute f(l)lu^^ 

'IB ur it cl ill il)m, The i<lea took root in him, but 
jmssive (not in use) : (lihir.^cl ivuvbc iu ilini vom 
(t^lcbanfcu gefcl)la 9 cu. 

4. As a rule no passive voice is formed by the 
verbs fein, to be ; ivcrbcii, to become ; biciben, to 
remain, sUiy, stop ; ft^cincii, to shine, seem, 
ap{)ear ; l)ci^fu, to name, call, bid ; buufcu, to 
seem, appear ; burfcii, to be permitted ; and by 
the impersonal (whether intransitive or transi- 
tive), the reflective and the reciprocal verbs. 

LXIV. Formation of Tenses in the 
Passive Voice. All tenses in the passive voice 
are formed by combinations of the past participle 
of the verb with tenses of the auxiliary verb 
ivcrbcn, to become, to grow. Tims the passive 
voice of the verb fatigen, to catch, is formed by 
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the ^st participle of fan^en: ^efangeii and the 
ttuxiliaiy verb tmben : 

Present Indicative: 1. u^erbe, 2. bu trirfl, 3. cr 
unrb ; pi. 1. irir iuerben, 2. i(>r trcvbct, 3. fic 
jpcrbcn (^efaitflcn. 

„ Subjunctive: 1. Ic^ U'crbc, 2. bu imbeft, 
3. cr mcrbe ; pi. 1. unr ircrbcn, 2. i(;r trcrbet, 
3. fie mrbeu c^efanv^n* 

Imperfect Indicative : 1. irf) u>urb-f, 2. bu -eft, 

3. ft -c; pi 1. unr -cu, 2. i^r -et, 3- fic -cu 
cicfaui^cn. 

„ Subjunctive: I. id) Unirb-e, 2. bu -eft, 
3. cr -e ; pi 1. U'ir -en, 2. i^r -et, 3. ftc -eii 
flcfan^eu. 

Perfect Indicative : 1. id; bin, 2. bu bift, 3. erift; 
pi. 1. unr fiub, 2. il)t feib, 3. fic ftub 
faiu^cu unnben. 

„ Subjunctive : 1. id) fei, 2. bu feift, 3. er fei ; 
pi. 1. unr feien, 2. il)r feiet, 3. fie feien ge? 
fau^en uunbeii. 

Pluperfect Indicative: 1. U'ar, 2. bu Untrft, 
3. cv U'ar; pi. 1. unr tvavcu, 2. il)r tuart, 
3. fie ivaren i^cfaitcjcn tvorben. 

• „ Subjunctive: 1. id) U>are, 2. bu U'dreft. 

3. cr U'drc; pi. 1. unr U'dreu, 2. t()r u'dret, 
3. fie U'drcu ftcfaui^cu uunbeu. 

1. Future Indicative : \. id) U'crbc, 2. bu U'irft, 
3. cr U'irb ; pi. 1. U'ir U'crbeu, 2. il)t unrbet, 
3. fie U)crbcu flcfaiigeu unrbeii. 

„ Subjunctive : 1. icb unrbe, 2. bu unrbeft, 

3. er U'cri'c; pi. 1. unr wcrbcit, 2. il)r iuerbet, 
3. fie u>erbeu i^efai^eii U'crbcu. 

M. Future Indicative : 1. id) unrbe, 2. bu U'irft, 
3. cr U'irb ; pi. 1. U'ir U'evbcn, 2. i()r U'crbet, 
3. fie U'crbcu c^fau^^cii U'orbcu feiu. 

,, Subjunctive: 1. id) U'cvbe, 2. bu U'crbcft, 
3. cv u'crbc ; pi. \. U'ir U'crbcu, 2. it)r U'crbct, 
3. fic U'crbcu c^cfaiu^cu U'orbcu feiu. 

I. Conditional : 1. id) nniibc, 2. bu unirbeft, 3. er 

U'iirbc ; pi. 1, U'ir u'urbcu, 2. ibr u'urbct, 
3. fie u'urbcu lufaiu^n u'crbcu. 

II. Conditional : 1. id) U'iirbc, 2. bu U'uvbcft, 3. cv 

U'iirbc ; pi. 1. ivir U'iirbcn, 2. il)r U'iirbct, 
3. fic U'iirbc n ^cfaiuvu U'crbcii feiu. 

Infinitive Present : c^cfaiurcu U'crbcu. 

„ Past : ftcfrtiurcu U'crbcu feiu. 

In tlio perfect- and pluperfect the final U'crbcu 
can bo dropped where a continuance of the 
action provaila and has to he denoted : 3d) bill 
^cfiin^^cil ! I am caught ! (in tlie very moment of 
this action) ; or id) Unir ^efam^u (U'crbcu) ! Twas 
caught, which lends more vigour and fluency 
to the statement. 

EXAMINATION FAPEIl XVTl. 

1 . How many jmst participles are formed by the 
auxiliary verbs of mood and several other 
verbs, and which form of the verb is one 
of tliom sounded like t 

2. Which prolix and suffix are taken by these 
verbs in the })ast participle, when used 
independently, and which when in connection 

* with a dependent inflnitive of another verb? 

3. What fonn of past pirticiple is taken by the 
eotupoimds of these verbs i 

4.,^,3VJnch,.ii'erbs admit of the passive voice ? 

& Hov. is it possible to form the passive voice 
of^some intransitive verbs ? 


6. Which verbs do not admit of the |)assive 
voice ? 

7. What are the constituents of the verb in its 
passive voice, and how are the tenses formed ? 

8. Which auxiliary verb of tense is employed 
in the passive voiee ? 

Exercise I. Insert tlio eonect jjast parti- 
ciple of the auxiliary verbs of mood : 

3d) l)abc nid)t ....... l)at nid)t 

I have not been willing. He has not been able. 

(•^r but niebt femwien )Sic but niebt 

He has not been able .to come. She has not been 

fcmmcn Sir bubcit niebt fuiclcn 

willing to come. We have not been allowed to play. 

(§r but tnid) bi?hu @ie but 

Ho has had [let] me fetched. Slie has 

fc< mid) U'iffen (5c but fliebtn 

lot me know it. He has been obliged to escape. 

3d) b^'be bic .R'inber fricicn 

I have let the children play. 

Tic 'I^aucrn buben ibn 

The poasiints were obliged to hear him. 

(5r but fcmmcn 

Ho has not needed to come. 

(There was no need for him to come). 

Ter 'I'atcr l)vit co mid) tun (or ). 

The father has bid me to do it. 

3d) bubc ibn fcmmcn illUr buben jic (iiuicn 

1 have seen him come. We have heard her sing. 

Tu buii^^tl tun 3d) bubc ibm 

You ought to have done it. 1 have helped 

anffteben Tic (^cfd)id)tc but pc meinen 

him to get up. The st-ory has made her weep. 

Exercise 2. (a) Change the following sen- 

tences into the passive voice : 

Tvicf Jtinb trviv(t ben dterb. Taei ^Inblifum 
The child carries the basket. The public [audience] 
bert bic Diupr. Ter '•Ihflcr licp bic 3citun^. 
Ileal'S the music. The father roads the paper. 
Tev "Ihitcr Ui»5 bic ;UitnnvV Tic U)i utter but 
The father rofid the paiier. ^Plie mother has 
bic ('iicr v^cted't. Tvic Jtiub butte ben .tpunb c^cuedt. 
boiled the eggs. Tlie child had teased the dog. 

(h) (Jhaiige the f^►llo^^ing present tenses of 
the passive voice into the imperfect, perfect, and 
first future : 

Ter i5eiub U'irb bcpcvV- Tu U'irft ^clicbt. 
The enemy is being beaten. Tliou art lovo<l. 
(5r U'irb aiu\uUid)t. 'ilUr U'crbcn itcad)tct. 31)^ U'crbet 
He is laugiied at. VVe are esteemed. You are 
bctrc(\eu. viic uerben aiu^ ber ^d'lilc au0f\^efd)U'Pcn. 
being cheated. They get expelled from the school. 

(c) Change the above sentences into the 
passive pluperfect and second future. 

Key to Exercise in Examination Paper XVI. 
(Pace 3215) 

Exercise 1. Ter ^liuttcr mablt bacJ Jtorn. Ter 
.ffuiifttcr but bag S3i(b (jcmalf. bu ben dtajfec 
Qcmablcn? ai>fnn id) nur mit cudb geb^** fbnnte! 
(5r mup bftde flcbcn. Ta« brannte. Ter SSatcr 
brad)tc bic (^cfd)cufc fur bic .tliuber. SBaruni uni§tct3b^ 
niebte? 3cb turfu nid)t fpicten. @ie bad)te nid)t 
buran. Tie •fi:cd)in fal-^lc bud Tae Sbifd) 

mar ni^bt ^cfaljjen. (5r fanbtc ibr iBlumcn. SBu^ but 
er ibr gefanbt 1 

Note. The Key to Exercise 2 will be given 
in Part 24. 
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CARPET WEAVINGS 

Group 28 

TEXTILES 

Designing Brussels, Wilton, and other Heavy Carpets. Special 

23 

Features of Patent Axminster, Tapestry, and Scotch Carpets 

frohi 


By W. S. MURPHY 




CIMPLE and obvious as the fact is, carjiet 
designers frequent ly forgot tliat a carpet- is 
intended to cover a floor. Trees, shrubs, land- 
scapes, bouquets of flowers bound with ribbons, 
figures of wild and ferocious ariimals, human 
faces or figures, arc among the unsuitable 
designs which have frequently beem employ(*d 
in the making of carpets. Carjiets should not* be 
made to servo as pictures ; domestic conditions 
forbid it. The carpets which have been gener- 
ally accepted by the best and most cultured 
taste are masses of subdued and rich colours 
formed by small and regular figures on a geomet- 
rical basis. We do not-, however, altogether 
condemn the attempt to 
bring the beauty of 
Nature’s efiildren, the 
flowers and the grasses, 
into the home. But the 
designer must always be 
on* his guard to avoid 
incongruity and egre- 
gious bad taste. If 
made frankly conven- 
tional, and without any 
attempt at I'ealism, w(^ 
believe that good use 
might bo made of natural 
objects of beauty and 
charm. 

Brussels Carpets, 

We speak technically of 
three-frame, four-frame, 
five-frame, or six-frame 
Brussels, and by that is 



meant the number 
of different layers of threads composing the 
carjfXit. According to ancient praetkie, the num- 
l)er of frames told the numbcT of dilTercnt colours 
and the number of layers of thread employed in 
forming the fabric. We have altered the prac- 
tice a good deal, but it will serve our purpose 
quite well to study the older practice. In the 
breadth of a Brussels carpet there are 260 
threads. Suppose we have five-frame — that 
makes five sets of 260 reels containing the 
requisite len^h of thread. Each frame holds 
thread of a dilferent^olour. Our pattern paper 
has upon it 260 squares in its breadth, and the 
depth may be according to pattern [143]. Wo 
may determine to repeat our pattern as many 
times as we please in the breadth, but if the sides 
ol the carpet are to be symmetrical, the pattern 
must be a multiple of the total number of 
thread?. In other words, we must complete 
every repeat of the pattern within the breadth 
ot the carpet. Every square represents a point 
of colour, and ev^ point of colour is made 
by a loop of thrt^. The section marked a 


is named the gammot, and gives the key t»f the 
design. 

Structure of Brussels Carpet. We must 
understand somewhat, the structure of the carpet. 
Let us bike a singk'- thread si*etion of a four- 
franu^ Brussels carpet [144]. First, we have 
the linen warp, and on top of this we draw our 
four threads of worsted from the frames. 
At the fort? end of the loom are t-lit? looping 
wires. The one thread which has to appear 
on the surface is drawn up and looped on 
the wire, while all the others lie under. The 
linen weft, flies across with a binding pick ; the 
linen warp rt'vtM’ses the shed, and the weft iiiake» 
another pick. A loop 
has formed. At the next 
movement another frame 
thread may be (billed up 
to the surface, to form 
a loop of a different 
colour, and the same 
movements are gone 
througli. This is re- 
peated the wholp length 
of the w'cb. Looking 
now at the stnieture, we 
K(‘e that, the four thread.? 
form the body of the 
carpet, the one forming 
the loop always resting 
on the four others. By 
this means a massive and 
elastic fabric is formed, 
and a variety of colour 
and pattern is obtained. 

Such an? tin? conditions upon which the 
designing of Brussels carpets is based, ft is for 
the young designer to study the Ixjsi models, 
and to work out in practice the patterns ho 
thinjes most suitable and desirable. 

Wilton Carpets, 'rhis class of CRr|)et is 
simply the Brussiils carpet with the loops cut 
t/o form the velvet pile. Usually, the? ends of the 
looping wires are formed into a small knife, and 
as they are withdrawn, cut the loops. Vcr>" often 
the loops on the Wilton are larger than those on 
the Brussels. One thing the desigiujr of Wilton 
carpets must rerneni her is that th(? <;ut pile tlircads 
incline aU in one direction, and the design of each 
woven strip should be adjusted to the fact. 

Patent Axminster Carpets. The name 
of this carpet has been derived from tbo 
first attempt to produce the Persian tufted 
carpet in this country. Persian carpets arc 
formed by knotting the tufts or threads of wool 
into the linen warp by hand, and securing them 
with a strong pick of weft. The building together 
of so large a fabric tuft by tuft involves long 
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labour, but the results are splendid, both in 
wearing quality and artistic value. In the pro- 
duction of a commodity which consumes a large 
amount of labour-time, the manufacturers of 
this country , a a * ^ » 

0 o m p^ e^^ o wtotMNo 

available in »iM/»/“>A^\sA6AsAfiA^As 

India and Asia 144^ section op 

generally. Be- 
gun at Axminster, the little Devonshire town, 
about 1755, by French s(^ttlers, the industry 
grew to some importance ; but increased facilities 
of communication with the Fast, and the 
stress of competition caused thereby, 
affected the prosperity of the trade to 
such an extent that it could not stand 
alone. The seat of manufacture removed 
to Wilron, where a large trade in 
Brussels carpets was being carried on. 

ITiis wise expedient of associating the 
superb tufted carpet with other and 
more popular forms of the fabric has 
been widely adopted, and an industry 


144. SECTION OP BBUSSELS CARPET 


can perceive at a glance the character of a design. 
The Persian method of teaching the designing 
of carpets may be recalled as a final hint. The 
pupils are shown a desjign, and instructed in the 
u a ^ 2 ! 3 position of every 

n n n n n n thread, as soon 

thinks he knows 
"m f l H r ^he pattern, or 

when the teacher 

RUSSELS CARPET thinks he ought 

to know it, the 
design is take away, and ho is required to repro- 
duce it in every detail. The generalising habit, too 
common among ourselves, would not do in Persia. 
Tapestry and Velvet»Pile Carpets. 
Tlie rise in the standard of living among 
the working and rniddle-claas people of 
this country during the nineteenth 
century created a market for carpets 
which, while costing less than a 
Brussels, would present a similar 
appearance and possess fairly good 
wearing quality. As if in anticipation of 
the coming time, car|K't manufacturers 
LTENT other in the production 


of considerable value and interest has axminster carpet cheap and useful carpet of the 


been saved to the nation. Carpet, 
manufacturers in Kidderminster, 
Bridgnorth, Pontefract, and 
other places make it a depart- 
ment of their factories, for the “ 
supply of what, we hope, is a •• 
growing market. •• 

The Patent Axminster design •• 

[146] is first worked out in •* 
preparation for the chenille loom, ’ ' 
onw'hich the strips of connected 
threads forming the carpet pile j 

are woven. Wo then out the « 
design into strips [146], and thus £45 



THE METHOD OE 


get the row's to be cJombined. 

As many as a dozen different 
shuttles may be used in succession, or at inter- 
vals, on the chenille loom. Eveiy strip of chenille 
fringe forms a line across the carpet, and the 
threads in it must be varied according to the 
pattern. T’he “cloth” 

[147] comes off the loom 
and is cut into threads, the 
sections of which are 
shown [148]. 

From these simple facts 
it is evident that, both 
in Axminster and Patent 
Axminster, the carpet 
designer is wholly unfet- 
tered by considerations of 
structure. He can vary 
the colour of every 
thread as he pleases, ana 
oofnbine them in any ' 

maimer he thinks most I47 

Effective. Our design, 


147. OHENILLB CLOTH 


style desired. Most successful of these 
attempts was the tapeMry carpet 
row»i ^9 which was invented by an Edin- 
3^ burgh manufacturer, Richard 
.. 5 A<i Whytock, and \qx>n which a 
jfys industry has been built 

».a/d structure this form of 

iiAjt closely resembles velvet. 

isAu First, there is the ground warp ; 
.. second, the weft — both com- 
.. nAt9 i)()sed of linen, or perhaps jute. 

I9A20 Next, WT; put in the extra 
. . i*A a worsted warp, which is to form 
)D OE (urTTiNO carjx^t, w’hen it 

lias been made ready. But that 
waits till w e have made the de.sign. 
If no pattern were desired, the extra warp could 
be put in plain ; but then the tapestry carpet 
would be nothing more; than a rough imitation 
of U^Ty velvet. In thi's case, colour and pattern 
do more than add some- 
thing to the appearance ; 
they take the eye off the 
rough grain of the fabric. 
Tile extra warp is only 
one thread thick ; the 
substance of the carpet is 
formed by looping up 
the warp in the style of 
all id^sh fabrics. When 
the looped pile is high, 
the warp shows only about 
one inch in four on the sur- 
face of the cloth. Inferior 
Part ajr Sows pffe, of course, uses a 
[XB CLOTH smaller proportion of 

thread. For the sake of 


when cojbqied, is exactly the picture of the carpet illustration we shall keep to the higher quality, 

in miAiatwee, With a very little experience of The pattern is formed by the different colours of 

the dijQFerenco between the flat effect on {^intod the loops ; the loops are made on the warp 

pl^per Bnd the soft effect of the carpet pile, we threads ; for every point of colour we must 
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make a section of the warp four times the length 
of the said colour. The thread in this case has 
to be dyed or stained, with different colours, 
in various sections along its whole lengtli, and 

•tP 




will bo if the pinions which control the toothed 
rim are set to catch certain numbers. On the 
broachsido of the dnim ten or a dozen lianks of 
white worsted yarn are w'oimd, the yarn in single 


ilou; f 
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ay 


every thread in the breadth of the carpet 
requires to be so coloured. Before consider- 
ing the means of i*calising it, let us go 
on with the method of making the design. 

The best results are got by first 
making a picture of some suitable 
object, or group of objects. We may 
venture boltlly, for the yarn will 
combine in any style we please. With 
good tasto as a guide, the prettiest 
effects imaginable may bo produced. 

Rosebuds peeping out from variegated 
green foliage, trails of flowers, rich 
suggestions of heathy moorland, and 
all the numerous combinat ions of line, 
curve, and square, arc open to us. 

Our picture having been made, it is 
first transfen’ed on to pointed paper [140]. Then 
if the design harmonises, it is again transferred 
on to large sheets, the threads of which will 
make fairly broad slips of paper, and the spots 
proportionately elongated four times [160|. 
This set of sheets is cut up, every 
thread being made into a slip, 

Kach slip of paper is a picture of 
the length of the thread of warji 
nec€5S8ary to complete the design 
1151]. Seen by itself, it is an 
unintelligible slip of paper barred 
with colour, l^it all the slips 
together again, and the design, 
almost ludicrously elongated, 
appears [162], These sliiis go 
into the hands of the warp yarn 
printer. 

Yarn Printing, This form 
of printing is special to tapestry 
carpet manufacture. The print- 
ing machine is a tin drum [153], 
rimmed with an index showing 
the number of loops contained in 
yam wound upon it. Drums are 
of various sizes, according to the 
length of the carpet 'to be woven 
from the yams printed upon it. 

For a large-sized carpet, the dnim 
is over 16 ft. in diameter, and the 
index numbers on the rim run up to 
864. The drum is slung on a frame, 
and under it two rails cross ; on these rails sits a 
small trough [164] filled with liquid colour, while 
depending on the sides of the trough hangs a little 
felt-covei^ roller half immersed in the colour. 
Beside the dmm hangs a ready-rockoncr, or 
table, which shovll^ ihe printer what the effect 


layer and each liank separate. When this has 
lx'.en done, the printer g>ithers in a row his little 
troughs of dye, (‘ach oiU' a different colour. He 
takt^s the first slip of coloured moilel paper, and 
marks off the spaces occupied by one 
colour and the number of tiim\s it 
appears. The index rirn and the 
clutch are set ; the trough of colour, 
with its roller, is put on thc^ rails. 
Now lay on the drive. 

At the required point the diiitn 
stops and the trough runs across its 
width, tlio coloui’ roller printing a 
broad line of dye on the yarn. Again 
the drum moves round and stops, and 
the roller makes another lino of 
colour. Another trough with a 
different colour is put on and the index 
adjusted. I'lie yarn takes on more bands of 
dye, it may be broad masses or perhaps only 
single strokes, according to the design. Again 
and again th/^ action is repeated, till the whok? 

drum is covered with dyed yarn, 
banded like a rainbow. Onothreiul 
of our pattern has been produced. 
If this pattern is not repeated on 
the carpet, if the carpet is one 
pattern only, wo have only made 
one thnnul of so many webs of 
carpet, and need to nqMuit this 
printing no fewer tlian 218 times. 
T5ut it is really all one, in a great 
factory, whether wo arc prcnlucing 
one thread for 3,000 yards of 
carpet or ton threads for 300 yards 
of the fabric. 

Different manufacturers have 
different ways of working, and it is 
easy to see that the printing dnim 
may be worked to suit various 
methods. An instrument so handy 
and so simple in its working can 
be utilised in a variety of stylos. 
The principle alone is important, 
and wc have seen its action. 

In tapestry carpet yarn print- 
ing wc have a method of fixing 
the colours which has peculiar 
features. When the hanks are 
taken off the drums, they are laid in latticed 
troughs and coverccl over with bran ; thus 
encased, the yarn is put through the steaming 
stoves, and the colours fixed. Next the yarns 
are thoroughly washed in flowing water and 
dried in the hot stoves. 



140. DESIGN OF 
TAPESTRY CARPET 



150. SECTION OF ELONGATED 
DESIGN 


151. SINGLE THREAD OF 
TAPESTRY CARPET 


152. TAPESTRY CARPET 
THREADS SET 
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Having been reeled on to bobbins, the yams 
are ready for the setters. 

Setting. At one end of a long toble a creel 
of warp bobbins is placed ; at the other end is 
a weaving beam ; midway is a movable clamp 
across the setting table, which 
can be shifted, fixed, and loosened 
at will. The setter has a complete 
pattern of the design, and works 
to it. From the bobbins the yarn 
is drawn off, and the threads, with 
their various bars of colour, are 
laid on the flat board. We draw 
the thread up close to the beam 
and under the lifted clamp. Note 
the pattern, and draw the one 
thread and the next, and the next, 
placing the bays of colour in the 
range ordered by the pattern. 

When all the threads are placed, 
a long, shadowy outline of the 
pattern is seen in the ranged yarn. 

Every thread must be exactly 
adjusted, so that each bar of 
colour comes ^into place. This 
section set satisfactorily, the 
whole breadth of warp is wound on the beam, 
and tjie clamp is fixed. We have made the 
first section of a tapestiy carpet warp. The 
forming of the whole warp i.s nothing more than 
a repetition of this process. 

Kidderminater* or Scotch Carpets. 
This form of carpet is merely a kind of double 
*cloth. Here we have two warps and two wefts, 
with the methods of binding common to all 
double cloths. As a rule, the warps are worsted, 
and the wefts arc woollen yarns. 

“ Woven with coloured yarns, these 
carpets arc made into very fine and 
elaborate designs, some calling for 
the use of 16 shuttles carrying 
wefts of different shades and 
colours. But no now principle of 
dosip is involved; it. i« a very ^54 
straightforward process the design- 



153. YARN PRINTING DRUM 



ing of the Scotch carpet. We encounter no subtle 
diflicullios or special peculiarities. The lack of 
wearing quality in the soft fabrics induced 
Morton, of Kilmarnock, to introduce a tlireefold 
carpet, and the idea has certainly made carpets 
that wear well. The centre ply is a plain 
warp, with figured webs on both sides. The 
“ three-ply,” as it is called, has the added advan- 
tage of affording more points of binding for the 
separate cloths, and making them more durable. 

Mixed Pile Warp. For many years the 
pile of nearly all classes of carpet has been 
worsted yam. Ground warp and binding weft 
may be linen, jute, or cotton, and the. lund of 
material used affects very little the character 
of the design. In most factories the choice of 
binding warp and weft lies w'ith the manager of 
the weaving department, or the general manager. 
On the pile warp alone, tlie designer is expected 


to put forth his skill. Here, for a long time, 
the carpet designer was happily exempt from 
the necessity for studying very deeply those 
problems in textile calculation which are so con- 
stantly making demands on the designers of other 
textiles. As we all know, however, 
many of the most beautiful carpets 
of the East owe their loveliness to 
the free use of mixed yams in 
building up the pile. Silks, fili- 
gree, and s}>ocia11y fine wools have 
been introduced to diversify and 
beautify the carpet, and these 
bring very difficult problems to 
the designer. If, however, the 
carpet is to maintain its position 
against the rivalry of competing 
fabrics, some advance must bt^ 
made, and this direction seems at 
once the most effective and the 
most practicable. The introduction 
of mixed pile yarns opens up a 
wide field for the designer. To 
ecluip himself for taking part in 
this advance, the student should 
pay special attention to the 
tables of t<?xtile caloulations which have been 
made up by generations of practical men. What 
the ready reckoner is to the clerk, the tables of 
calculations are to the textile worker. 

Different Yarns. With the growing 
popularity of the carpet, manufacturers have 
been impelled to spread their efforts over a wide 
area. Extension ha-s taken place in two opposite 
directions — towards costliness on the one hand, 
and towards cheapness on the other. The silk 
carpet, formerly regarded as either 
an impossible luxury to all save 
Eastern potentates or Anicrican 
millionaires, or as a curiosity of 
ancient workmanship, fit only for 
the museums, has betumic commer- 
cial and an article of regular trade. 
At prest'nt W'c import most of our 
silk carpets from Wurrungal, 
Tjahoro, and other parts of India ; but there is no 
reason w^hy the trade in silk cirpets woven in 
this country should not grow. 

Needless to say, the cheap carpet is made of 
cotton. Though lacking the softness and elas- 
ticity of the woollen article, these cotton carpets 
are wonderfully good, and wear ^vell. The cotton 
carpet has been objected to l:»ecauso it may 
Iks readily set on fire ; this is a danger, but it is 
easily obviatc^d by the manufacturer. Into that 
province of things we do not propose to enter. 

In the ways we have indicatetl, the sphere of 
the carpet desi^er has been greatly enlarged. 
From being an isolated unit in the textile world, 
he is being brought into contact with all the other 
members of his craft. Every designer, in fact, 
should make himself thoroughly acquainted 
with the principles of textile desig)i as a whole, 
and specialise in practice. 


Centinued 
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legs and possesses a pair of air-holes. Some of 
our small native species (Juhia) are common in 
hedges, and curl up if alarmed, while certain 
greatly abbreviated millipedes (Glomeris) can 
roll up like a ball. The animal figured is one of 
the large tropical forms. 

It might hardly be expected that the creatur(‘.s 
under discussion would be cap.'ible of much 
parental solicitude, yet sucli is the case, at 
least so far as the mother is concerned. In the 
little British centipede mentioned above, the 
eggs, as laid, are covered with particles of earth 
cemented together by a sticky fluid. * The small 
pellets thus formed are very inconspicuous, and 
there is great need for this, since the father 
centipede is an egg-eating cannibal of the most 
abandoned type. 

Equally painstaking is the female of one of our 
native millipedes, though in this case the male 
is not a perverted egg-eater. She burrows 
into the ground, and constructs a little nest of 
earth, about the size of a hazel-nut, in which 


fresh oxyg^^^khh up In exchange. Hence the 
restless energy which spells success.' 

Many characters are made use of in classifying 
insects, the best known distinctions having 
reference to the mouth-parts, wings, and life 
history. As to the last, an insect — c.flf., a butter- 
fly— may hatch out from the egg as a hirm 
that is extremely unlike the adult, into which 
it is ultimately transformed by radical changes 
constituting a “ metamorphosis,” or else — e.g., a 
cockroach — it resembles its parents from the 
first, and becomes adult by a series of com- 
paratively slight changes. There are also cases 
of intermediate character. 

The simplest way of classification is into the 
following nine orders, though specialists recognise 
a much larger number: (1) Wingless Insects 
(Aptera ) ; (2) Straight- winged Insects {Orthop- 
tera ) ; (3) Bugs {Herniptera ) ; f4l Fsinoe- 

wiNGBD Insects (Thysanoptera ) ; (5) Net- 

winged Insects (Nevroptera) ; (fl) Beetles 
(Coleoptera ) ; (7) Moths and Butt'ERFlies (Lepi- 


from flO to 100 
eggs are laid. 

Insects 

This ubiquit- 
ous class in- 
cludes more 
species than all 
the other groups 
of land animals 
put together. 
The body is 
short, and made 
up of a com- 
paratively small 
number of seg- 
ments, divided 
into three dis- 
tinct regions 
— i.e.f head, 
thorax, and ab- 
d o m e n. The 
liead pos.sesses a 
pair of antenna\ 
two large com- 
pound eyes (and 
sometimes 
several simple 
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LEAF insect 


Plititographa by Prof. B. H. Hentloy 


doptera); (8) 
Flies {Diptera) ; 
(9) Membrane- 
winged Insects 
{njpnenoptera). 

i. Wingless 
Insects. This 
order does not 
include all in- 
sects devoid of 
wings-— for some 
of these belong 
to other groups, 
and their an- 
cestors possessed 
the power of 
flight — but only 
certain primi- 
tive forms repre- 
senting an early 
wingless stage in 
the evolution of 
th(5 class. They 
arc small, in- 
significant crea- 
tures, which live 
under stones, 
bark, and 


eyes as well), and three pairs of jaws, differing 
greatly in character according to I, he habits. 
The thorax bears three pairs of legs, and in most 
cases two pairs of wings, while the abdomen is 
entirely or practically limbless. The air- tubes 
make up an exceedingly complex system, and 
open to the exterior by a limited number of 
air-holes. 


leaves, or in other sheltered places where they aye 
likely to esca^xj obsersration. Their mouth -parts 
arc feebly developed, and there is no metamor- 
phosis. Two groups belong here, the Tassel-tails 
and Spring- tails, often reckoned as distinct orders. 

Tassel-tails. Tassel-tails are so named 
because there are generally some jointed bristles 
at the hinder end of 


Insects a r e 
among the most 
successful animals 
in the struggle for 
existence, and this 
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the body, but a 
more interesting 
feature is the 
presence of small 
limbs on the abdo- 


is largely due to the very perfect arrange- 
ments for purification of the blood, every 
portion of which is in the neighbourhood of 
Bom') of the air-tubes, so that carbon dioxide 
is cliijlinfttt d as fast as it accumulates, ani 
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men. There are many reasons for thinking that 
insects have evolved from centipede -like creatures 
by shortening of the body, establishment of three 
regions, and suppression of many of the limbs. 
Tassel-tails come nearest the supposed ancestral 
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INSECT 


sriUNH-TAII 
a. S|iiins 


tj^e. Like most primitive groups, they are 
widely distributed. One common species, the 
silver fish (Lepisma saccharina) [418], lives in 
brown sugar ; 
others are 
found along 
the sea shore, 
on mountain 
snows, and in 
the recesses 
of caves. 

Spring- 
tails. 

Spring • tails 
[417j also 
have a very 
wide dietri - 
bution, and 
mostly 
possess a 
“ spring and 
catch ” ar- 
rangement, working on the princif)le of the jaek- 
jumper which children make from the merry- 
thought of a goose. It consists of a sort of fork 
folded under the abdomen, with its prongs pro- 
jecting forwards 
and held in place by 
a little projection. 
When liberated 
from this catch its 
elasticity hurls the 
insect into the air. 
'file habit has 
earned its name of 
the glacier “ flea ” 
{Desoria glacialis). 

2. Straight- 
winged Insects. 
Some of the mem- 
bers of this large 
group are rather 
generalised — c. <7 . , 
the cockroach — and 
should be studied 
first by those who 
wish to grasp the 
complexities of insect structure. The mouth 
im is a biting one, and the three typical pairs 
of jaws are easily made out — i.e., (1) the hard- 
toothed first jaws {mandihtea) ; (2) the second 
jaws {first maxillce), with a cutting blade and a 
feeler ; and (3) the third 
jaws (second maxillm), also 
possessing feelers, and 
partly fused together into 
what is generally called 
the “ lower lip (lahium). 

The “ upper lip ” (Idbrim) 
is a plate overhanging the 
first jaws. 

The fore-wings have been 
modified into homy wing- 
ooyers, under which the 
delicate hind • wings are 
folded in a fan-like way 
when not being used. This 
18 why such insects are 


called “ straight-winged.” There is no meta- 
morphosis. The order may conveniently be 
divided into Runners and Lcapers, In the 
former, as a rule, all three pairs of legs arc alike, 
but among the latter the hind legs ar.e of rcla 

tively largo 
size, in corre- 
spond e n c 0 
with their umo 
as leaping 
organs. 

Runners. 
These include 
cockroaches, 
soothsayers, 
stick and leaf 
insects, and 
earwigs. 
Cockroaches, 
though com- 
monly known 
as black 
and in spite 
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“ 1)001108.” aro not bootlo.s at all, 
of Ihoir diaagrccablo smell, are porfeetly harmless 
creatures, so far as biting 
or stinging human beings 
are concerned. Our com- 
mon kitchen pest is not- 
native to Rritain, but a 
destitute alien, while the 
larger ship-cockroach l)c- 
longs to a different s|xx‘i(‘s, 

Some exotic forms are 
brightly coloured and 
attractive in api)earance. 

Soothsayers. The 
soothsayers or praying in- 
sects [see Plate facing page 
3361] are characteristic of 
the warmer parts of the 
world, only one European 
species (MaiUis religiosa)i 
ranging pretty far north of I 
the Mediterranean. 'Jliey 
are excessively rapacious, 
and derive their name from 
the fact that the front legs 

are t^mwl up and e. 

verted into organs for seiz- enlargcMl 

ing prey, thus bringing 
abtiut a supplicatory attitude, which has led to 
many superstitious ideas. In France, for example, 
it was formerly believed 
that those intelligent insects 
were able and willing to 
point out the way homo to 
lost children. 

Soothsayers are aggres- 
sively coloured, harmonis- 
ing with their surroundings 
so as to bo inconspicuous 
to their prey. A very in- 
teresting Malayan species 
has been described which 
lies in wait upon oertain 
pink flowers, turning up its 
tail over its back to dis- 
play the similarly coloured 
3363 
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under side. Even the are Inodified to 
heighten the effect. When ttie flowers wither, the 


are situated in the fitint lej^* just l^ow the 
insect seeks a fn^sh lair, and turns down its tail . knee. When they possess chirping organs, these 
so that the brown ^ ar^laced at the bases of the wing covers. 

: CrlcReta. Crackets agree with the 
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upper side is ex- 
posed to view. 

Stick and leaf 
insects are vego- 
tarian forms 
living in warm 
climates, and re- 
sembling the ob- 
jects after which 
they are named 
both in colour 
and shape ; no 
doubt a protec- 
tive device [414]. 

Earwigs differ in many ways from other 
orthoptera, and are often placed in a separate 
order. The wings, for instance, are folded up 
in a very complicated manner. The common 
earwig, so detested by gardeners, is a very in- 
offensive insect, (|uite incapable of injuring the 
human ear, as is so commonly supposed 

Leapers. These include grasshoppers, 
locusts, green grasshoppers, 
and crickets. The first of 
them [420] may be recog- 
nised by their short anUmnie, 
and they also posses.s organs 
of hearing in the base of 
the abdomen. The pleasing 
chirping of our native tiehi 
grasshoppers is 
the love-call of 
the male, and is 
produced by rub- 
bing a beaded 
ridge on the inner 

k side of the thick part of the hind leg 
against the wing cover. Locusts are 
notorious on account of the huge 
swarms in which they from time to 
time appear, Avith disastrous results 
to vegetation. 

Green grasshoppers [see Plate] are distin- 
guished from the foregoing by their long antenna^ 
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members of the last group as regards 
antennse, ears, and chirping organs, but 
differ in minor 
respects. There 
are, for example, 
jointed bristles 
projecting from 
the tip of the tail. 
Our best -known 
native species is 
424. FRINGE- WING ED thc house cricket 
INSECT (luaimiHed) {OryUus domes- 
. ticus)^ which has 
even attained a sort of popularity. Two othcjr 
species live in our fields. But thc most extra- 
ordinaiy member of the group is the mole- 
cricket {Qnjllotalpa vidgaris) [see Plate], found 
in the South of England, a burrowing and 
largely carnivorous form. Its fore feet are 

modified into efficient spades, and the female 
is an exemplaiy mother. 

3. Bugs. Despite the 
unpleasant associations con- 
jured up by the name of this 
order, many of its members 
are very attractive in 
appearance, and unobjec- 
tionable in their habits. The 
wings vary in nature, and 
are sometimes absent, but 
the mouth parts are very 
characteristic, forming a 
long, pointed “ beak,” used 
for piercing and sucking. 

The first jaws are sharp 
stylets, grooved on their inner sides for con- 
ducting fluid to the mouth, and the second 
jaws are also pointed rods. The third jaws are 
modified into a kind of sheath, which encloses 
the otbens. There is only a partial metamor- 
phosis. 

Plant -bugs [419, and see .Plate] feed upon 
vegetable juices, and all four wings are of 

membranous texture. The largest of 
them are the cicadas, which inhabit 
warm countries, and are noted for the 
loud chirpings of the males. There 
is a large eye at either comer of 
tl\p broad head, and three small 
jewel -like ones on the front of 
it. The wingless young live 
underground, and in one 
North American species 
(CAcada seplendecim) seven- 
teen years elapse before they 
make their way to the sur- 
face and assume the adult 
form. 

Lantern - flies. The 

long-nosed Lantern-flies [see 


^ Plate] are popularly sup- 

!42Si Royal cell of termbs bellicosus opened, showing queen posed to emit a phosphores- 
f ATTENDED BY WORKERS cent light, but ihi» bM not 



NATUHAL HISTORY 


b^n proved. An inieresUng discovery has 
recently been made as to the use of the elongated 
snout. Owing to the presence of a transverse j oint 
this can be bent up by pressure against the surface 
on which the insect rests, and used as a spring 
by which its owner is propelled into the air. Wo 
might well term the lantern-flies “ nose-jumpers.” 
Among their allies are the little Frog -hoppers, 
of which the larvae live within the frothy masses 
'often seen on plants, and known to country 
persons under the prosaic name of “ cuckoo spit.” 

Blight. Plant-lice, or green- flics {aphides) or 
” blight,” are to be found on all sorts of wild and 
cultivated plants (e.gr., roses and geraniums), 
among which they play havoc. They arc small 
creatiu*es with a complicat/cd life-history, includ- 
ing winged and wingless individuals. During the 
summer numerous generations are produced with- 
out previous fertilisation, and these arc l)orn 
alive. Fertilised eggs arc laid on the approach of 
autumn. Propagation is so immensely rapid that 
the tenth generation sprung from a single egg, 
if they all survived, would collectively weigh 
as much as 500 million men. The vine-louse 
{Phylloxera vastatrix) \i^ one of the most destructive 
members of the family. 

The curious Scale-insects [421] include some 
familiar British pests, and are so called because 
the female is generally sheltered under a scale- 
shaped shield. The exudations from the bodies 
of various species are of 
economic value. Of this 
nature are the “ ground 
pearls ” of the West Indies, 
which are simply insects 
of this kind enclosed in 
glassy or shelly coverings. 

A sweet substance — 

‘‘ honey-dew ” — excreted 
by species native to the 
Mediterranean region is 
probably the ” manna ” 
of the Old Testament. 

Other scale-insect pro- 
ducts are white wax in 
India and China, shellac 
in India, and cochineal in 
Mexico, Central America, 
and Canary Islands. 

Water-bugs. Of the 
remaining families of the 
order some include winged 
and others wingless forms. 

In the former case the 
fore-wings are hardened 
into protective sheaths for 
the hind-wings, but their 
tips always remain mem- 
branous. An example of 
this is afforded by the 
Water - bugs of which 
some few have been found 
living on the surface of the 


open sea, a very excep- 427. urn history 
tional habit for insects, of a may-fly 



most interesting inhabitants of our ponds and 
streams. All are markedly predaceous. Gliding 
along the surface may be scon the long-logged 
needle-bugs {Limnohates) and skaters {Omis), 

while tlw little 
water - boatmen 
{ N otonecta) 
swim on their 
backs, using 
their specialised 
hintl legs as oars. 

Wa lter - scor - 
pious possess 
seizing fore 
legs an d a 
slender breath- 
ing - tube pro - 
jecting from tlie 
tail, which is 
from tijue to 
tiling prolnidetl 
abov(5 the sur- 
face to take in 
air. So m <* 
{Nepa) are 
broad and flat 
[422], others 
{Ranatra) of slender form. The eggs of the 
latter are elongated, with a pair of bent threads 
at one end, which have a specual use. The 
female stands upon a floating leaf and bites 
a little hole in it, through whi('h the egg .slides 
and remains hanging from tlur under side of tin? 
leaf, anchored by the threads 1 423]. Bugs and 
Lice are wingless Hemiptcra. 

4. Fringe-winged Insects. These arc 
very minute crcaturc^s. with sucking mouth-parts 
an(l four narrow fringed wings [424]. 'Phe feet 
are swollen into bladders at their tij)S. These in- 
sects may often be seen creeping about flowers, 
and the corn -th rips {Thrips cerealium) is one of 
the pests by which our corn crops arc? damaged. 

5. Net- winged Insects. In this interest- 
ing order the mouth-parts are of biting character, 
ami there are four membranous wings, traversed 
by a complicated network of vein^,. I’he amount 
of metamorphosis varies greatly in different 
ca.se8. The numerous families are arranged by 
many specialists in several separate orders, 
and they include termites (white ants), death - 
w'atchos, dragon-flies, may -Hies, ca^ldis- flies, ant- 
lions, and lace-wing flies. 

Termites. These light-shunning insects, 
often erroneously called “ white ants,” are 
particularly abundant in tropical countries, and 
notorious for their ravages on wooden articles. 
They live in communities, including several 
kinds, or “ castes ” of individual, and their 
social life is often exceedingly complex. One 
of the most extraordinary is an African kind 
{Termes hellicosus) [426], which erects mound-like 
dwellings as much as 20 ft. high. The increase 
of the community is the duty of a single male 
and female, known as the ” royal pair.” The 
al)domen of the queen is swollen to an enor- 
mous size owing to the vast number of eggs it 
contains. The other duties of the monarchy are 
performed by ” workers ” and “ soldiers [426 aJ. 
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Most termites, in accordance with their 
light-shunning habits, are either blind or possess 
imperfect eyes; but an exception to this is 
afforded by individuals belonging to a Natal 
species (Termea havilandi)^ which issue from their 
burrows in broad daylight to cut grass and acacia 
leaves. These are employed in mushroom culture, 
as is described elsewhere for some of the true ants. 

Death-watches. These are little unsects 
which live in old woodwork or books. The 
lesser death-watch {Atropos divinatoria) is sup- 
posed, by tapping with its head, to make ticking 
noises with which many superstitious ideas have 
been connected. It has been suggested that 
the sound is of the nature of a love call. Some 
authorities think that it is due to quite another 
and somewhat larger insect, the greater death- 
watch {An(jbium)y which belongs to the beetles. 

Dragon-flies. Unjustly called “ horse- 
stingers ” by countryfolk, dragon - flics [sec 
Plato] are 
exceed- 
ingly 
beautifu 1 
insects, 
with four 
power- 
ful wings, - 
by means 
of which 
they rush 

through 429. snare of caddis- worm 
the air as 

living darts, glittering like silver and jewels 
in the sunshine. Their eyes arc of enormous 
size, and with their powerful jaws they seize 
insects on the wing. 

The female dragon-fly lays her eggs in water 
or on water-plants, and the wingless young [426J 
lead an aquatic life. They are exceedingly vora- 
cious, and grip their prey by means of the lower 
lip (united third jaws), which is modified into 
a seizing apparatus. When not in use this can 
be folded up like a carriage-step. After attaining 
its full size the rather repulsive looking young 
insect climbs out of the water on the stem of 
a plant, and remains motionless. Very soon 
after this its skin splits open along the back, 
and the adult dragon-fly emerges. 

May-flies. May-flies [427J are known to 
the general public as insects which have but a 
brief tenure of life in the adult, or imago stage, 
and servo as excellent bait. They may be seen 
dancing in countless numbers in the sunshine, 
and do not feed, devoting themselves entirely 
to egg-production. The males of some species 
are provided with special “courtship eyes,” 
which help them to discover suitable mates. 
Two or three slender tails at the tip of the 
abdomen are very characteristic. 

During the early part of their existence 
May-flies, like their cousins the dragon-flies, 
are aquatic, burrowing, running, swimming, 
or climbing, according to the species. Many are 
oarnivoroas, while others swallow mud for the 
satke of the nutritive matter it contains. They 


breathe by very curious gills, traversed by 
numerous air tuW. When their feeding days 
are over, they float at the surface, tlw s^ 
of the back splits, and,, the nearly matured 
winged adult (sub-imago) flies out of its prison, 
though it has to cast yet another skin before 
l>ccoming a fully emancipated imago. 

Caddis- fl ies. Caddis-flies [428] pass through 
a more considerable metamorphosis than other 
members of their order, and when adult are often 
known as “ caddis moths ” on account of the 
general shape and scaly character of the wings. 
The numerous eggs are deposited in water, em- 
bedded in a kind of jelly, and the larvoe which hatch 
out from them somewhat resemble minute cater- 
pillars in appearance. They at once set to work to 
construct tubular homes by cementing together 
particles of sand, bits of rush, or other foreign 
matters. Their dwellings are of spiral shape, 
in certain tropical forms. Some of them appear 
to bo vegetarians, but others make silken nets 
wherewith to snare small aquatic animals [429]. 

xAfter a time the larva barricades the opening of 
its house with a screen of silk or cemented par- 
ticles of sand or mud, and passes into the motion- 
less pupa stage. LUtimately the pupa wakes up, 
so to speak, and bites its way out of the protective 
case. It floats up to the surface, and the sequel 
resembles the life history of May-flies. 

Ant-lions. 'Phese are commonly of noc- 
turnal habit when adult, and look like abbre- 
viated dragon-flies, but without the same 
brilliancy and speed. The wingless larva 
[430], to which the name “ ant-lion ” is properly 
applied, is a highly carnivorous creature pos- 
sessed of formidable first jaw^^, which catch 
ants and other insects in a very ingenious way. 
It digs out a conical pit in a sandy place, throw- 
ing out the material with its broad head, and 
lurks at the bottom of this, buried from sight 
with the exception of its jaws. 
Unwary insects which step on 
the sides of the treacherous gulf 
quickly slide down to their de- 
struction, and it is said that the 
wary larva throws sand upon 
them to hasten the descent. 
Pierced by the uncompromising 
jaws, their juices are sucked 
out for the benefit of the enemy. 
After attaining its full size the 
ant-lion makes a protective case 
by cementing sand grains to- 
gether with silk, and gradually 
changes into the adult form. 

Lace wings. Lacewine 
flies [see Plate] are beautifin 
little creatures with gauzy 
wings, and eyes that shine like 
gold. The eggs are laid on 
the leaves of various land plants, each at the 
end of a long stalk. The wingless larvae arc 
known as “aphis-lions,” on accoimt of the 
havoc they play among plant lice (aphides). 
Some of them creep about clothed in the skine 
of their victims, which are sucked quite diy. 
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insist upon tho experimental side of 
Young’s work because, though he was 
primarily a theorist and a man of imagina- 
tion, he recognised that merely to suggest 
an analogy between the behaviour of water 
waves and that of light under certain con- 
ditions was to do practically nothing. Further- 
more, Young is a conspicuous instance of 
the truth that a prophet is not without 
honour save in his own country, for he was 
honoured in France for many years, during which 
he was thought to be a triner at homo. Tho 
first phenomena to which ho applied the principle 
of interference were the colours which, under 
certain conditions, are produced by striated 
surfaces. {Slriai are parallel linos of depression 
or elevation.) 

Experiments with Sunlight. Then 
Young went on to study the colours of thin plates 
— e.g.y tho colours produced by thin plates of 
colourless glass when they are pressed together. 
Young also tried to produce interference ex- 
porimcntally by admitting sunlight through 
two small holes into a dark-room. Ho failed, 
however, and wo now know why. He failed 
because the streams of light so admitted 
had no definite connection with one another, 
nothing corresponding, for instance, to tho 
interval of half a wave length to which wo 
have already referred. Tho consequence is 
that though, as we are now sure, interference 
occurs, its results aro not obvious. Admirable 
results are obtained, however, directly tho 
experiment is improved by the use of only one 
hole, and the passage of the light so obtained 
through a screen containing two little holes 
side by side. Regular and visible interference 
then occurs — this explanation of the phenomena 
having boon carried some way by Young and 
brought to perfection by Fresnel. 

Soap Bubbles. We must next proceed to 
the study of the simplest and, in a sense, the 
oldest of interference phenomena — those which 
were studied exhaustively as far bacjk as tho 
time of Newton ; also, we shall find that facts 
of the utmost interest and valuo are to bo 
derived from the study of objects which most 
of us may never have considered worthy of 
serious study — namely, soap bubbles. 

Everyone is familiar with the fine colours 
produced in a film of soap blown into the 
form of a bubble. To the eye of the physicist 
soap bubbles aro of the utmost interest; nor 
is the interest confined to the colours which 
they show. Plainly, the soap bubble illustrates 
the action of molecular forces which hold tho 
particles of the film together. Just a century 


and a half ago it was shown that a soap bubble 
tends to contract, bo that if one relaxes the 
pressure at tho end of the tube, the bubble will 
become smaller. Tho force so exercised is that 
force of surface tension which has already been 
described as a general property of the surfaces 
of liquids. 

Light and Soap Bubbles. Here, however, 
wo cannot return to this aspect of the questions 
suggested by soap bubbles. For our present 
I)urpose we have to note merely the fact that tho 
bubble is a spherical film which has an appreci- 
able, though small, thickness. The film has two 
surfaces, an inner and an outer, both of which 
are exposed to air. The important matter for 
our present purpose is to consider the behaviour 
of light in relation to this film and its surface.;. 

The soap is not the important thing, for we do 
not see such colours in an ordinary solution of 
soap. The ossential thing is that the soap is 
spread out in the form of a film. Indeed, the 
same phenomena are shown by other films. 
Many liquids poured upon water will spread 
themselves out into a thin film that shows these 
colours. They are also shown by plates of various 
transparent substances if these are (capable of 
being made thin enough. In other words, 
the soap bubble merely provides us with a 
familiar and beautiful illustration of what we 
may call, in general, tho colours of thin plate.^. 
We may therefore leave it and discuss the sub- 
ject in more general terms ; but before doing so 
we may note one striking phenomenon exhibited 
by soap bubbles and explained by Young’s 
principles. This can bo shown either by a soap 
bubble or, as is more convenient for many 
purposes, by a film of soap spread out within a 
small ring or frame made for tho purpose. 
These soap films are ver^ largely used for experi- 
ment and illustration. If, then, wo take a soap 
bubble or a soap film hold vertically and pro- 
tected from currents of air, and watch it, we find 
remarkable consequences as it proceeds to drain, 
thus causing its uppermost part to become very 
thin. Wo find that this thinnest part becomes 
black ; if it can be seen at all it is only by light 
reflected from particles of dust on its surface. 
This fact can bo perfectly explained in terms of 
interference, as we shall see. 

Newton's Coloured Rings. The appear- 
ance which goes by the name of Newton’s rings 
must often have been observed by any reader who 
has done work with the microscope. If one takes 
two perfectly clean cover glasses — very thin 
pieces of glass used in microscopy for covering 
the object to be examined — and presses them 
firmly together, a series of coloured rings will be 
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Bf)en to spread from the point wiiere the pressure 
is gn^eatest, and to widen out as the pressure is 
increased. These rings of colour are due, we 
must conclude, to the passage of light through 
the very thin film of air enclosed between the 
two cover glasses. Following various physicists, 
Newton set to work to ascertain the precise 
relation between these ring-s now known by 
his name and the thickness of the film of air 
that produces them. His method was to place 
a flat piece of glass upon the convex face of a 
very slightly curved plano-convex lens. This 
arrangement gave him a film of air which regu- 
larly, but very slowly, increased in its thickness 
as one parsed outwards from its centre. Under 
these- condition.*! Newton obtained a series of 
coloured ring.^, all concentric, the centre being 
at the point of contact between the two pieces 
of glass. Obviously, the next proceeding was 
to use light of one colour instead of compound 
white light. When Newton did this ho found 
that the rings he obtained were alternately 
coloured and dark. The experiment is always 
a striking and beautiful one ; usually one 
employs a brilliant yellow light which yields 
a splendid series of black and yellow ring:. 
But the size of the rings was not the same with 
all kinds of light. With light from the rod end 
of the spectrum the rings had a large diameter, 
but as the various colours were gone through 
up to blue, the rings became smaller and smaller. 
This fact suffices to explain the appearance 
shown with white or compound light. The 
rainbow effect of the colours thus obtained is 
simply due to the sorting out of its different 
constituents. 

Explanation of Newton’s Rings. We 

need not here concern ourselves with New- 
ton’s own explanation of his riiig.^, because that 
explanation was conceived in terms of his cor- 
puscular theory of light, which we now know 
to be erroneous. Further ex peri men t/S, devised 
for the purpose, also proved that Newton’s 
explanation was inapplicable. 

in terms of the wave theory the facts can be 
satisfactorily explained. We have merely to 
conceive that some of the light is reflected at the 
upper surface of the film, and some at its lower 
surface. (In the case of the soap bubble, road 
outer and inner for tipper and lower.) Wo have 
now merely to apply our general principles of 
interference. At the points where the film is 
of such a thickness that the two reflected streams 
of light differ in phase by a wave length exactly, 
or by a multiple of their wave length, they will 
reinforce one another, with the consequence 
that we shall see a bright ring. But, at other 
oints, intermediately placed, the film must 
6 of such a thickness tVit the two streams, 
reflected from the two surfaces, differ in phase 
by half a wave length, or by an odd number 
of half wave lengths. In such a case, we shall 
have a state of affairs precisely similar to that 
^oqpeivrid by Young in the case of waves of 
in ^ channel. Light added to light 
daT ^nfes — this being the only known 
in whieh two whites make a black — 
/ fildiid ring will bo produced 


Meaauring Wave Leagtba of Light* 

Not only do Newton’s rings provide a striking 
instance of phenomena which can be explained 
on the wave theory of light alone, but they also 
contribute to the wave theory of light by 
providing us with a means of measuring wave 
lengths. To discuss this in full would require 
more geometry than is desirable here. If, 
however, wo consider the angle at which light 
may fall upon an air film of constant thickness, 
wo shall see that interesting consequences 
must follow according to the angle of the incident 
light. The more oblique the incidence of the 
light, the less is the retardation of the ray 
which is reflected from the further surface of 
the film. It can bo shovm to follow that a 
complete geometrical discussion of these facts 
gives us means for measuring the wave length 
of light. 

But there are entirely different methods of 
producing interference, and these lead us to 
further complexities. When we were discussing 
the history of tlie theories of light we noted 
how the rectilinear propagation of light and 
the occurrence of sharp shadows seemed to 
turn the scale against the wave theory and in 
favour of the corpuscular theory. We must 
now look into the question of shadows more 
closely, with reference not only to the wave 
theory of light but also to the phenomena of 
interference. If wo make light travel through 
an extremely small aperture — having some 
reasonable proportion to its extremely small 
wave length — we find that the light behaves 
as it should behave, if it bo a wave motion. 
It suffers diffraction, or breaking apart^ in all 
directions ; its behaviour in such a case is 
entirely opposed, evidently, to the corpuscular 
theory. 

Diffraction of White Light. The conse- 
quence of diffraction in the case of white light is 
to produce coloured fringes, and this may be 
done by many means. Thus, we may employ a 
narrow slit, such as has already been instanced. 
If we make such a slit in a piece of cardboard 
and place it in front of a candle, and then if 
we make another similar slit in another piece 
of cardboard, hold it up to the eye and look 
through it at the light passing through the first 
slit, we shall see these fringes. But any opaque 
body of sufficient narrowness placed in the 
way of a beam of light will similarly cause 
diffraction. For instance, we may emplojr a 
narrow wire, and place It in the path of light 
coming through a narrow slit, and so may 
obtain diffraction fringes. These have been 
produced by the action of the two edges of 
the wire upon the light, and we shall best under- 
s^nd the phenomenon if we consider it in its 
simplest form, namely, that of the casting of a 
shadow by the edge of any opaque body. If 
we arrange an experiment, using light f^m a 
luminous point, we do not find; as we might 
expect, that the shadow has a sharp' e<^e. 
On the contrary, there is a gradual transition 
from light to darkness, the light slightly in- 
vading the area which should be dwk — and 
which would be dark if light were a stream of 
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corjMiscleB ; whereas, on the other hand, the 
area which should be uniformly light ahowo 
a Borien 
of fringes 
which grad- 
ually fade 
away. The 
appear- 
an 9 e seen 
then upon 
the screen 
is somewhat 
like the 
accompany- 
ing diagram, 
instead o f 
being a 
sharp tran- 
sition from 
dark to 
light. 

iVesnel readily explained the '.e fringes in terms 
of interference. 

50*000 Lines to an Inch. These facts are 
applied, in physical inquiry, in the employ- 
ment of what are called hUerjerence. or diffrac- 
tion gratings. A grating may have various 
forms. It may consist simply of a series of 
fine wires, parallel and equidistant, or a piece 
of glass on which such lines have been ruled. 
Such diffraction gratings are now almost in- 
variably employed in the spectroscope in placse 
of the prism. Sometimes it is desirable to em- 
ploy other transparent materials i nstead of 
glass. If glass bo used the lines have to be 
ruled by a diamond, but a very large number 
of lines are necessary and s;o the diamond is 
soon worn down. One needs about fifteen or 
twenty thousand linos to the inch, though it is 
possible to have as many as fifty thousand. In 
order to economise in diamonds, a modern 
diffraction grating is not a transparent grating 
at all but a reflecting one, and is made of very 
finely ground and polished speculum metal, 
which a diamond can rule without wearing 
away nearly so soon as when glass is employed. 

When we look at light from a narrow slit 
through a diffraction grating we see an image 
of the slit ill the middle, while on each side 
of it is a series of coloured images which are 
more and more spread out the further they 
are from the centre. 

The Octave of Light. Under these con- 
ditions it is possible, by means into which we 
cannot here enter, to measure the wave length 
of light of various colours. The approximate 
results may, however, be noted. The wave 
length of visible light shows, as we know, a 
range of slightly less than one octave — if we 
may borrow this convenient analogy from 
sound. The longest wave length that stimulates 
the retina, that of red light, is about one 
thirty-thousandth of an inch in length. The 
shortest, appreciable wave length, that of violet, 
is approximately half as long, that is to say, 
one 8ixty-th<mBandth of an inch. 

. ^Chese figures apt^ar at first to be incredibly 
imO))!. ■ Oertfunly^. they are small when cora- 
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pared with the wave lengths of ahdible sound, 
which have to bo expressed in feet ; but, on 
the other hand, one thirty- thousandth of an 
inch is not really so very small relatively to 
many distances which wo are otherwise tic- 
quainted with. For instance, it is possible, as 
we have already seen, to make fifty thousand 
lines side by side within the space of an inch 
upon a piece of speculum metal. Again, this 
distance, when compared with the prohahlo 
dimension of molecules — including even very 
large molecules — is actually very great indtsid. 
In other words, wo must remember that, in 
comparison with the size of the. objects which 
we should like light to reveal, its wave length 
is hopelessly large. 

The Spectroscope. Wo must now con- 
sider a new optical instrument, of very 
groat interest in itself, and of supreme interest 
in comxHpienee of the o.'ctrno diuary in^.ight 
which it has given inland which it alone can give 
us, into many of the greatest facts of Nature. 
We already know, in general terms, what a 
spectrum is, and can readily guess that the 
spectroscope is none other than a device for 
forming and examining the spectrum of any 
light that we may care to examine. The 
most natural and simple method of forming 
a spectrum would, of course, be by moans of 
a prism, and this we may briefly di cus i, though 
we note that nowadays the prism lias been 
largely replaced, for tliis purpose, by means of 
a diffraction grating. The two means effect 
the same end but by somewhat different 
principles, the prism causing dispersion of the 
various constituents of compound light becaui.c 
of the dilTorcni speeds at which those constituents 
move through glass. The grating causes similar 
results heoause of the difference of wave length 
between light of various colours. If we ask 
ourselves, however, why different colours move 
at different speeds through glass, we shall see 
that the two methods really dejamd upon the 
utilisation of one and the same ultimaU? fact 
of light. 

What may be Seen with Three 
Prisms. We have not space here to concern 
ourselves witli the details of the strii(!t lire of the 
spectroscope in its various forms, but we may 
briefly describe what is called the direct vision 
spectroscope, which can he obtained for a very 
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small sum and can be carried about in the pocket, 
being scarcely larger than a spinthariscope. 
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We are already in a position to understand tha^ 
principle of fho direct vision spectroscope, for 
its essential part is a combination of three 
prisms, two of crown glass, and the third of flint 
glass, arranged as shown on the previous page, 
so that a spectrum is formed without the 
necessity of causing deviation as well as dis- 
persion of tlio beam ; this is admitted through 
an adjustable slit at the end of the spoctroscopo 
and a convex lens is used to convert the light 
frorh the slit into a parallel beam before it 
reaches the combination of prisms. The dis- 
persed light now reaches the eye placed at the 
other end of the instrument. 

Newton was practising spectroscopy in its 
simplest form when ho made his classical ex- 
periment with the prism and the sunbeam, and 
though this at once established an epoch in our 
knowledge of light, it has led to developments, 
and notably to astronomical developments, of 
which even Newton could scarcely have dreamed. 

The Lines of the Spectrum. When we 
examine the spectrum of sunlight, we find 
various dark lines upon it. These have long been 
known, and were first exhaustively .studied by 
the physicist Fraunhofer. He madti a careful 
list of them, and gave them names, employing 
the letters of the aiphab(;t for this purpose. 
These dark lines of the spectrum of sunlight, and 
of light from various other sources, have revealed 
to us certain truths concerning the chemistry 
of the universe in general, and we must study 
their production with tlie very greatest care. 

us begin by considering spectra that are much 
more simple than this of sunlight— which, os a 
matter of fact, is almost infinitely complex. 
Equipped with the sjiectroscope, we can examine 
the light given out by any luminous body, and 
we can make various bodies luminous for this 
purpose. We then make a remarkable discovery 
as to the fundamental distinction between two 
different kinds of spectra. When we have 
appreciated this distinction, we shall be on our 
way towards understanding the principle.s of 
what is called fippctnim analysis^ and of realising 
the significance of the dark lines that are found 
in the spectrum of sunlight. 

The Two Kinds of Spectra. We find 
that spectra are of two kinds. In certain cases, 
the spectrum is a continuous band of colour. 
In other cases, it consists merely of a series of 
coloured lines, between which there arc dark 
intervals. The spectra of the first kind wo call 
continuous^ and those of the second discontinuous. 
We further discover the very simple law that 
continuous spectra are produced by luminous 
solids, while discontinuous spectra are produced 
by luminous gases or vapours. We shall after- 
wards see how this simple statement led to 
one of the most significant and remarkable 
astronomical discoveries of the nineteenth 
century. If we attempt to interpret the 
meaning of discontinuity or continuity of a 
spectrum, we see that a luminous solid must 
, nocessiany, since its spectrum is oontinuoiis, be 
giving out light of all wave lengths— within 
certain limits These limits apply to a luminous 
^ or viapour also, but such a gas or vapour 
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differs from the solid in that, within such limits, 
it gives out light only of certain particular wave 
lengths, and of none other. Hence the dark 
intervals between the bright lines of the dis- 
continuous spectrum of a glowing vapour or 
gas. 

Sir William Huggina*a Discovery. 

Some forty years ago, the most distinguished of 
astronomers now living, Sir William Huggins, 
applied this fact of the two kinds of spectra to a 
great astronomical problem — the nature of the 
nebulflp. He demonstrated the truth of the con- 
tention, then supported by an amateur called 
Herbert Spencer against all the astronomical 
authority of the time, that what appeared to be 
nebula? or clouds of gas are really nebula?, and are 
not merely star clusters, which are so remote that 
the telescope cannot resolve them into their con- 
stituent stars. Not only so, Sir William showed 
how the quality of the spectrum changes, becom- 
ing intermediate between the discontinuous and 
the continuous, as the nebula becomes resolved 
into planetary or solar masses. This is not, of 
course, to say that the process of celestial 
evolution was observed in any given case, but 
that various celestial bodies seemed to illustrate 
various stages in this evolution. 

Seeing an Atom. Now, when we come to 
look more clost?ly at the discontinuous spectra 
of gases, and find that they vary in different 
cases, we discover that in the spectroscope we 
have an optical instrument which can enable us 
to accomplish, in a sense, the feat of seeing atoms 
which the microscope is impotent to perform. 
Similarly, also, where the telescope fails us, the 
spectroscope is not at a loss. Of these three 
instruments for se€?ing with, the spectroscope is 
indeed incalculably first in its power of insight. 

Let us then take some of the vapour of sodium 
and examine it by moans of a spectroscope. It 
will suffice to put a morsel of salt in a spirit lamp 
and examine the eharaoU?ristically yellow flame 
which is producc'd. Any sodium salt will act 
similarly. The spectrum produced has the most 
remarkable characters. There is darkness every- 
where except for a pair of brilliant vellow lines 
placed very close together and having the 
position corresponding to the yellow part of the 
s}>eetrum of sunlight. We may take any number 
of other instances, and we always find that each 
of them has its own characteristic light. The 
differences between these various kin£ of light 
must be referred to atomic differences, plainly. 
They do not depend upon the nature of any 
compound that wo may employ for examination, 
but solely upon the nature of the elements in 
those compounds — solely, that is to say, upon 
the nature of the atoms in question. At present 
we can merely note, in a word, that the particular 
kind of light produced by a particular kind of 
atom — the particular wave length, that is to say, 
of the ethereal vibration causra by that atom — 
is determined by the movement and behaviour 
of the electrons composing the atom. The new 
corpuscular theory of matter takes up the facts 
of spectroscopjr and builds them, with so many 
other facts, mto an organised and rational 
whole. 



Newton noticed the dark lines in the spectrum 
of sunlight, but he does not appear over to have 
i^ked himself what they meant. It was left to 
iVaunhofer to discover their tremendous signifi- 
cance. He showed that certain of the lines — 
the dark ones — in the spectrum of sunlight 
precisely correspond in position with ccrt-ain 
bright lines which constitute the spectra of 
various elements. Thus, for instance, there is 
the most absolute correspondence between the 
double yellow line of sodium light and the double 
dark line or double gap in the yellow part of the 
spectrum of sunlight. Evidently coincidence 
could not explain these facts — they were too 
numerous. 

Sympathy in the Natural World. When 
we were discussing sound we noticed how 
sounds of certain wave lengths could bo pu^kod 
up by vibrating bodies of suitable physical 
character. For instance, the A string of the 
piano will be thrown into sympathetic vibration 
if a tuning fork of the same note be sounded 
loudly near it. This principle will (mable us to 
understand the now acceptt^d and thoroughly 
verified theory which explains the correspondence 
between the dark lines of the solar spectrum and 
the bright lines of the various gaseous spectra. 
When we make tlie experiment we find that if 
the vapour of a given substance, such as sodium, 
be interposed in the path of light given olT by 
another specimen of that same substance in a 
state of incandescence, or in the path of a con- 
tinuous* spectrum, the bright lines characteristic 
of the substance in question are precisely re- 
placed by dark lines. Evidently the vapour is 
enabled t»o absorb the particular kind of light 
rays which correspond to its own comtx)8ition, 
being, indeed, the very rays which it would 
itself give off wore it m^o luminous. The only 
necessary condition for success in this experi- 
ment is that the radiant energy of the source of 
the original light must be greater than that of 
the body which is interposed between the 
original source and the eye. 

The Chemistry of the Heavens. 
When we apply this principle to the results of 
celestial spectroscopy, we see at onct? that we 
are entitl^ to assert the existence of sodium, 
for instance, in the sun. As the light from the 
main body of the sun passes outwards it has to 
make its way through outer layers, which are in 
the gaseous state but are at a lower temperature 
than the deeper parts. Wo can interpret the 
dark lines corresponding to sodium in the solar 
spectrum only by supposing that there are atoms 
of sodium in the outer envelope of the sun which, 
by the principle of sympathetic vibration, are 
capable of picking out light of the wave lengths 
proper to themselves, and so leaving dark gaps 
in the spectrum of sunlight when it reaches us. 
This is not the place in which to discuss the 
m&io results of the examination of spectra on 
these principles. These results, however, con- 
stitute one of the most signifioant and stupendous 
achievements of modem science, for the spectra 
of the stars, and of comets also, contain dark 
lines, and thus we are actually enabled to dis- 
cover the chemistry of the heavens. The subject 
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cannot be left hero without the assertion of the 
stupendous fact that the sun and stars are mode 
up of the same elements as are found in the very 
tissue of the human eye that perceives them. 

The Movement of the Stars. Already 
we have referred to an illustration from sound 
in order to explain the principle by means 
of which certain of the revelations of the 
spectroscope can be interpreted, and there is 
another principle also illustrated iti acoustics, 
and known as Doppler’s principle. This wo shall 
discuss ere long in tlu^ course of saying what 
still remains to bo said on the subject of the 
Pressure of Light. If a source of light bo moving 
towfirds the eye, the number of waves which 
reach the eye per second is increased ; whereas, 
if a source of light be moving from the eye, the 
number is diminished. It wm the application 
of this principle to the results of spectroscopy 
that enabled Sir William Huggins, in the year 
18()8, to discov(T the rate and diriH.5tion of move- 
ment of stars which are moving in the line of our 
sight. If there he an insoluble problc'm in all 
science, this might have been thought to deserve 
that title. The magnificent erudition of Dr. 
Merz, to whose “ History of European Thought 
in the Nint^tecnth Century ” we have so often 
n^ferred, i^oines once more to our service. Twenty- 
six years before Sir William Huggins’s discovery, 
as Merz points out, a theologian called Bolzkno. 
who was Professor of Religious Philosoi^hy and 
a colleague of Doppler at Prague, wrote these 
prophetic words concerning the principle which 
is now known by his friend’s name ; “ 1 foresee 
with confidence that use will be hereafter made 
of it in order to solve — by observing the changes 
which the colour of stars undergoes in time — thes 
questions whether, and in whicli direction, and 
with what velocity, they move, how distant tliey 
are from us, and much else besides.” 

The Boundaries of the Spectrum. 
When a wide compass of the ethereal vibration, 
compounded into that great chord of harmony, 
the visible part of which wo call white light, is 
analysed by the spectroscope, or sorted out into 
its various kinds, it must necessarily bo that 
many notes are to be found beyond either end of 
the visible part of the spectrum. The radiant 
heat mixed up with the sunlight, for instance, is 
put into its plac;e by the spectrum, os also the 
rays which lie beyond its violet end. Thus, 
the use of the spectroscope affords a splendid 
opportunity for studying many of the notes of 
the ethereal keyboard that lie beyond our range 
of immediate sensation. If, for instance, we 
use a screen painted with quinine sulphate 
instead of an ordinary white screen, and throw 
analysed sunlight upon it, we shall find that light 
is reflected from the screen at a point well beyond 
what was formerly the limit. Similarly, there 
are various substances which, when placed not 
in the course of the visible light from the prism 
but just beyond its violet end, become visible. 

The name applied to the remarkable character 
thus displayea by quinine and many other sub- 
stances is fiuoreacence. This word is somewhat 
loosely used in common speech, but it has a 
precise physical meaning. The only valid 
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explanation of the behaviour of the quinine smallpox however, so much eozn^eated 
upon the screen in the experiment we have the eneots of vaccination that it is still uncertain 
quoted is that it transforms the ultra-violet whether the red light treatment can really be 
rays, which are too short to be visible by our credited with the successes which it appears to 
eyes, into light of longer waves which wo can see. gain. Then Finsen turned to lupus, the extremely 
Many bodies absorb violet rays and emit them as superficial disease of the skin which is due to ite 
green or red rays. It is an extremely noteworthy local infection by the tubercle bacillus — the same 
fai^t that fluorescence was first observed (by Sir germ as that which causes consumption. Finsen 
David Brewster) in an alcoholic solution of discovered that sunlight (or, rather, certain con- 
chlorophtjlly the familiar green colouring matter stituents of the rays of sunlight) is able to arrest 
of plants. When sunlight passed into this, its the progress of this disease. His own belief was 
course was marked by a red streak. Fluores- that these rays kill the bacilli, while many other 
cence is, as the reader may guess, of extreme observers think that they act by stimulating 
interest in relation to the now theory of matter, the patient’s tissues so as more efficiently to 
but wo cannot here discuss it at any greater resist the bacilli, and thus that they cure the 
length ; we may merely note the observation of disease by helping the patient to help himself. 
Sir James Dewar, that many substances which This question, however, does not concern us here, 
exhibit no fluorescence at ordinary temperatures The Electric Light Bath. Finsen 
show this property in a very high degree when began by using direct sunlight, but he after- 
they are lowered to such temperatures as that of wards found that the electric arc was a(i 
liquid air. efficient and much more convenient. By the 

Light Without Heat. Concerning the initiative of Queen Alexandra, her •countryman’s 
violet and ultra-violet rays, wo must h€?re treatment was transplanted a few years ago 
note further merely that they are practical'y from Copenhagen to Whitechapel, and we may 
without any heating action, thus contrasting briefly describe its principles as they are now 
markedly, as we shall see, with the rays at put in practice at the London Hospital. The 
the lower end of the visible spectrum. As source of light is a 60,000-candlo power electric 
regards chemical action, however, the converse arc lamp, from which there proceed four tele- 
is true,*that of tlu^ ultra-red and the yellow rays scopo-like tubes, each directed towards a patient, 
boix^ negligible, while the violet rays, as every who sits or lies at his ease. By means of the 
phowgraphor knows, are extremely potent in lenses in each tube the light is focussed until it 
this respect — as also are the ultra-violet rays, covers an area about the size of a sixpence. If no 
There arc dark linos — if such a term be applic- special precautions were taken, the patient would, 
able — in the spectrum of ultra-violet light, as of course, bo fearfully burnt — if, indeed, lie were 
photography has proved. able to tolerate the heat at all. It is absolute! v 

Quite recently it has been shown that these necessary, therefore, to adopt some device which 
rays, be.Hides having a groat value in astronomical will absorb all the rays that convey 6r consist of 
research, enabling us by the camera to see stars heat, while allowing the others to pass through, 
which wo could not otherwise see, are of very Glass and Crystal. This is accomplished 
great interest and of very great therapeutic value by making the light pass through a double layer 
in relation to certain conditions of the skin of of rook crystal, the two crystals enclosing a 
man and lower animals — or, rather, wo should constantly moving stream of cold water. Tlqs 
say, in relation to living tissues in general. Here aUsorbs the heat, but does not obstruct the ultra- 
we shall briefly discuss the recent application of violet rays. The reader will ask why glass 
this property in modern therapeutics. cannot bo employed in place of the crystal. The 

Light and Health. The application of answer is that glass is opaque to ultra-violet rays, 
different forms of light to the treatment of and would therefore be useless for this purpose, 
disease constituted the lifework of Prof Niels while rock crystal allows them to pass freely 
, Finsen, of Copenhagen, who died in 1904, in his through. It is quite impossible to attempt any 
forty-fourth year, having accomplished more ultimate explanation of the reason why glass and 
during the course of a terribly disabling disease rock crystal differ in this respect, but the fact is 
than ten average healthy men accomplish in a an important one not merely in reference to the 
lifetime. Recognising the initial fact that it is Finsen treatment. People are often recom- 
in virtue of sunlight that we live at all, and mended to use what is called pebble in place of 
especially in virtue of the blue and violet rays, glass as the material for making sj^ctacle lenses. 
Prof. Finsen began the first systematic inquiry But oculists have an important criticism to pa8.s 
of the relations of different kinds of light to living upon this practice. They point out that while 
matter of various kinds. His first piece of work glass freely allows the passage of those oon- 
was to study the action of light upon the develop- stituents of light to which, as we have seen, 
ment of the skin eruption of smallpox. He the retina is most sensitive, it cuts off the ultra- 
believed that this eruption was almost entirely violet rays, which may sometimes be injurious 
dependent upon the chemical action of the blue to the eye. Pebble, on the other hand, ^rmits 
and violet ra3rs, and he therefore introduced the ultra-violet rays to pass, and its use^is 
what is called the red light treatment of small- therefore as undesirable, in the case of sensitive 
pox, pemitting only red light to visit the patient’s eyes, as it is desirable in the application of the 
skin^ study PI any remedial measures upon Finsen treatment. 
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•yHE term “ Gothic ” as applied to art docs not 
^ signify a stylo introduced by the Gotha, but 
was first used by the Italians of the Renaissance 
more or less as an opprobrium, as a synonym of 
“ barbarous,” with reference to the artistic stylo 
of the despised Northern nations at a time when 
all true culture was thought to bo necessarily 
founded on the antique. 

The Pointed Arch. Just as the round 
arch is typical of the Romanesque, so the pointed 
arch is the characteristic feature of the Gothic 
style in architecture. Yet it is at times diffi- 
cult to draw the line which separates the one 
from the other, as the pointed arch was not en- 
tirely unknown in Romanesque architecture, 
especially in the regions which were in direct 
touch with the Saracenic race. Moreover, 
the transition from the one to the other was 
gradual, and many twelfth century churches 
show elements of both styles. jl 

The pointed arch was at one jj/j 

time believed to bo the in ven- h \Y 

tion of the Northern mind, I A \\ Iff/L 

but there is no doubt now J' Ijm 

that the principle was do- ' Ifl 

rived from Saracenic sources, \ I 

though the full development // J 

of its possibilities must bo \\ \ fl 

put to the credit of the 
builders of media) val France, ' ^ 

England, and Germany, In // ^ 

♦the Orient the pointed arch 
had been used as a playful 
ornament to relieve the I 

monotony of bare walls. In I 

North it was developod 
into a new ^chitoctural 
system which, through the buttrkss, a 

subordination of the allied 
arts to architecture, exercised a decisive 
influence on sculpture and painting. 

Stability is the most important consideration 
In architecture, and the necessity of structural 
8onndnef;s leads to the logical development of 
every style in building. Thus the w^eight of the 
barrel vaults demanded solid, heavy maeonry 
in Romanesque buildings, since the whole pres- 
sure of the domes and vaults had to be carried 
by the walls. • Hence the preponderance of 
solid masonry over the openings. The Gothic 
vault, based as it is on the pointed arch, relieves 
^is pressure by distributing it over the pro- 
Jieotb(g ribs, which rest on strong piers or pillars, 
and consequently gives wider scope to the arti- 
culation of the walls. Gradually the .solid 
masses of masonry disappear, until the openings 
for doors, windows, rose windows, etc., are more 
in evidence than the walls. But though the 


50. SECTION SHOWINO THE GOTHIC 
SYSTEM OF VAULTING, FLYING BUTTRESS, 
BUTTRESS, AND PINNACLES 


Oictual weight of the vaults finds sufficient support 
in the piers, the lateral pressure, or thrust, 
of the pointed arch demands a new counteracting 
member — the oblique prop, or “ flying buttress,” 
which is 80 distinguishing a feature of the exterior 
of Gothic cathedrals. The flying buttress again 
needs the support of the vortical buttress, which 
is weighted down by the pinnacle [60 ). It might 
thus almost be said that in the Romanesque stylo 
the decorative features are conditioned by the 
structural system, whilst in the Gothic stylo 
a new structural system is the necessary outcome 
•of a new decorative feature. Or, in other words, 
stability was the law of classic and Romanesque 
architecture, and elasticity or balance of the 
Gothic. In Gothic vaulting, for instance, the 
. ribs, an essentially decorative 

feature, are the important 
* ♦ element, and the curved sur- 

Y * faces of the vaults may be 

removed without affocting 
the structure. In the Roman 
\ ^ jy vaults the ribs have no 

\ if fj structural function and would 
j collapse with the removal of 

I curved surfaces. 

IT' Gothic Cathedrals. As 

I I I the walls decreased in mas- 

I II" siveness, the horizontal gave 

I ill 11 ^ way to a vertical tendency 

I I jl I I of the buildings, which rose 

1 1 to loftier heights, the eye 

^ being carried heavenwards 

I I by the serried vertical lines 

' I •' of the buttresses, tiUTets, 

INO THE GOTHIC P*™"®!*’''. tho wowiiing 

“ *^**‘’* Striving towardH 

^ " the infinity of space that 

makes the Gothic cathedral the noblest expres- 
sion of the lofty aspirations of Christianity. 

Another result of the adoption of the pointed 
arch was the possibility of varying the height 
of the arch regardless of its width, a liberty 
which was not allowed by the semicircular arch. 
This did away with the necessity of square 
compartments, which prevailed in Romanesque 
vaulting; the nave could be given the same 
number of compartments as the aisles, which 
again left greater freedom to the play of fancy 
in the plan, and the general effect of the interiors 
became more varied and animated. The pro- 
fuse use of stained glass helped to enrich the 
interior, whilst the exterior allowed the full 
play of inventive fancy in the countless carved 
stone traceries and ornaments, statuettes and 
reliefs and pinnacles, which, in course of time, 
transformed the whole building into a lace-like 
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gOBsamor wob of stone tracery and sculptured 
ornament. To show the extent to which this 
applied decoration was carried, it is only necessary 
to state that the reliefs, statuettes, and stained 
glass windows of Chartres Cathedral alone con- 
tain some 10,000 figures, and that the exterior 
of Milan Cathedral carries upwards of 2,000 
statues carved in marble [54]. 

The Three Gothic Periods. The two 
countries in which the Gothic style received 
its first impetus and roacdied its highest efflores- 
cence are Franco and England. In both 
countries Gothic architecture flourished from 
the thirteenth to the end of the fifteenth century, 
4 i,nd may bo divided into three periods, though 
the development proceeded on different lines 
on the two sides of the Channel. In France the 
thrw successive centuries coincidti 
approximately with the Primary, or 
Ool'hiquc ; tho Secondary, or Rayon- 
Minty so called from tho wheel 
tracery of tho rose windows, and 
the Tertiary, or Flamlniyayit stylo ; 
in England with tho Early Krujlishy 
the Decuratedy and tho Per'f)fndk'ular. 

Of tho earliest style in Franco the 
hrst example of typical Gothic, con- 
struction is the church of St. Dimis, 
near Paris (1144). A little later in 
time, but thoroughly characteristic 
of the first period, arc Notre Dame 
of Paris [53J, »St. Remy at Rheims, 
and tho Cathedrals of Bourgos, Char- 
tres [66], Amiens, and Rouen. The 
wars with England acted as a check 
to French building activity in the 
lourtoonth century, of which period 
St. Ouen at Rouen, and the un- 
finished church of St. Urbain at 
Troyos, are tho most typical exam- 
ples, whilst the Flamboyant develop- 
ment of the fifteenth century is best 
represented by St. Maclou at Rouen. 

JDuring the close of this epoch .secular 
architecture also advanced with 
rapid strides, and produced such 
masterpieces as the Palais de Justice at Rouen 
and tho Hotel do Jacques Camr at Bourgos [68]. 

Early English Gothic can best be studied at 
Salisbury Cathedral ( 67], and in parts of West- 
minster Abbey — the choir [55], transepts, and 
first five bays of the nave. Noble proportions and 
simplicity in decoration are the chief aims of tho 
period. Tho Decorated or fourteenth century 
style is recognisable in the interior by a more 
complex system of vaulting, and on the exterior 
by the larger clerestories and window openings 
and the increased splendour of the tracery. 
Some of the cloisters in Westminster Abbey, 
tho Chapel of St. Etheldreda, in Ely Place, 
Holborn, and parts of the Cathedrals of Ely, 
Lincoln, York, and Lichfield may be quoted as 
notable examples. 

The Perpendicular style of the fifteenth cen- 
tury has. its name from the increased stress laid 
/> oif tho vertioal lino, which predominates to such 
^ att that one almost loses consciousness of 

i^e existence of walls. The clerestory windows 
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increase in size so much that no room can be 
found for a triforium, and they. have to be 
strengthened by doubled mullions. Very often 
the stonework is reduced to a mere skeleton to 
hold tho glass. Open timber roofs, richly carved 
and ornamented, are of frequent occurrence in 
tho earlier Perpendicular period ; whilst “ fan 
vaulting ” — so called from the similarity of 'the 
ril>B to tho framework of a fan — is characteristic 
of tho later period. This fan- vaulting is a pecu- 
liarly English motif, and only very rarely found 
in other countries. Tho dazzling splendour of its 
effect is known to everybody who has been in 
Henry VII.’s Chapel in Westminster Abbey. St. 
Margaret’s, Westmmstcr, St. George’s Chapel, 
Windsor, Westminster Hall, and the west 
fronts of Wim; Hester and Gloucester Cathedrals 
152] are instances of Perpendicular 
Gothic. 

Germany, where the Romanesque 
style had taken very firm root, was 
coni})arativoly reluctant to welcome 
tho new ideas which were introduced 
from France. Cologne C’athedral, 
w'hich was bcgini in the middle of 
the thirteenth century, is almost 
identical in plan with Amiens Cathe- 
dral. ’Pho cathedrals of Strasburg, 
Ratisbon, Treves, Vienna, Ulm, and 
the beautiful chinches of Nuremberg 
are among the chii'f monuments of 
Gorman (lothic ; whilst numerous 
castles, such as that of Marienburg, 
town halls — Ratisbon, Brunswick, 
Munster, Lubeck — and private dwTl- 
lings, of which many are still to bo 
seen in Nuremberg, Cologne, and 
other old cities, testify to the artistic 
taste which prevailed in profane 
architecture. In domestic architec- 
ture the most characteristic features 
of tho German (Gothic are tho very 
high and steep gabled roofs, which 
often exceed in size the actual walls, 
and the pretty dormer windows. 
Frequently the upper storeys pro- 
ject over the ground floor. The ridge of the 
roof i.s either parallel to tho street or at right 
aiiglos to it. All these features combiao to give 
an extraordinarily picturesque and quaint effect 
to tho narrow streets of these old-world citieii. 
Fig. 51 shows an oriel window, typical of many 
to be found in the streets of Nuremberg. 

FamousTown Halls. In Belgium and Hol- 
land French ideas were adopted at an early period, 
and the splendid cathedrals of Antwerp, Toumai, 
and Brussels show to what extent these idea') 
were absorbed. But the genius of the race found 
its peculiar expression in profane architecture, 
as was onl^ natural with this prosperous state of 
traders with their highly-developed civic institu- 
tions and guild system. The main features of the 
town halls are borrowed from ecclesiastic archi- 
tecture, and even the church steeple finds its 
counterpart in the lofty belfry rising from the 
centre of the buildings.' At the same time, the 
secular character and purpose of the civic build- 
ing are never lost sight of, and those edifices are 
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admirably adapted to public businese. The iovm 
' halls of Bruges* Brussels, Ghent, and Louvain 
are among the glories of Gothic aichitocture. 

Italian Gothic Churches. The local 
conditions of Italy did not allow Gothic archi- 
tecture to develop on parallel lines with the 
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North, and though the pointed arch was cx- 
tennivoly adopted, the full system, based on it, 
<lid not find favour f-outh of the Alps, except in 
isolated cases like Milan Catlu'dral [54], the work, 
to a large extent, of German builders ; and even 
here the absence of a lofty tower and the form 
of the facade are inarkf'd departures from the 
Northeni prototypes. The abundance of such 
precious and effective building material as 
coloured marble, with its possibilities of use or 
incrustation, the hot climate, which imperiously 
demands solid walls with small windows for pro- 
tection against the sun, and, above all, the classic 
tradition which was never quite eradicated, even 
when it was overshadowed hy foreign intluenceH 
— all these factors left their mark on Italian 
Gothic churches which retained more or less the 
horizontal tendency and the preponderance of 
solid masonry, decorated with stripes and panels 
of marble inlay, over openings. Moreover, the 
genius of the people could not dispense with large 
surfaces for pictorial decoration, and fresco and 
mosaic painting had practically ceased to exist in 
the North as a result of the masoniy being re- 
duced to a minimum, a more frame for the 
stained glass work which had usurped the place of 
painting. Climatic reasons, again, did away with 
the necessity of steep roofs. The aisle roofs of 
Italian Gothic churches are generally masked 
by the screen -like west-front wall, tho porch of 
which frtxmently projects, with columns restin 
on ihkhAcks of lie 


to such grand pr^rtions aa the glorious cupola 
of St. hmria del i^ore in Florence. 

The exquisite campanile of Florence, Ruskin's 
“ Shepherd’s Tower,” is the perfect result of the 
blending of Gothic and local character. In Lom- 
bardy, where brick frequently took the place of 
stone as building material, tho church of the 
Certosa di Pavia stands as a noble example of 
Italian Gothic, whilst of other churches it is 
only necessary to mention St. Maria Novella in 
Florence, and the cathedrals of Siena and Orvieto. 

In secular architecture wo have to distinguish 
between the massive, defiant, powerful Gothic 
palaces in Florence, such as tho Palazzo Vecchio 
and the Bargello, and the playful treatment of 
Gothic motifs in Venice, which found itt^ 
supreme exprespion in the Palazzo d’Oro on 
the Grand Canal [69 J. In the Doge’s Palace tlie 
style attaiiis to rare dignity, whilst the two 
colonnades by which it is adorned stand un- 
rivalled for ma^ificence. Tho brick palaces 
of Siena are distinguished for their noble archi- 
tectural articulation ; witness the Palazzo 
Pubblico and the Palazzo Buonsignori. But, in 
spite of the temporary victory of an art ideal 
which had been more or less imposed upon the 
Italians by Northern conquerors, the Gothic 
stylo always remained alien to tho spirit of 
the race, and only a slight impetus was needed 
in the early part of the fifteenth century to 
secure a lasting triumph to the rediscovered 
principles of antique architecture. The dawn 
of the Renaissanco signified tho death of the 
(^Jothic style in Italy. 

Spanish Gothic, Spain derived her 
Gothic style in tho first place from the 
neighbouring Franco. From the very first the 
Spanish builders adopted, with complete under- 
standing, tho severe constructive system of 
French Gothic; the sectional pi oportions often 



of^lions ; and the dome is develo] 


69. PALACE CA n'oEO, VENICE 

show Italian characteristics. Tho front of the 
churches was articulated in Northern fashion, 
and even openwork spires were not unknown; 
but at the same time the cross is frequently 
crowned by a dome, and rich Moorish ornaments 
are employed together with Gothic motifs. 


Continued 
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HEALTH 

Alcohol and its Dangers. Tea. Coffee. Cocoa. Mineral and 
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Effervescing Waters. Filtered Water. Die^s, and Analysis of Foods 

Continitf^ from 
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By Dr. A. T. SCHOFIELD 


YJjVE have now to say something about the 
^ general consamption of beer. 

' Beer-drinking Countries. Beer is 
chiefly drunk in the United Kingdom, Germfiny, 
Austria, Holland and Belgium, and recenlly 
in Northern France also. 

In Italy, less than 1 pint per head is consumed. 
All over the Continent the beer contains about 
half the amount of alcohol which English beer 
does. 

Germany and Great Britain are the greatest 
brewing countries, the beer of the form<*r being 
rather larger in quantity, if less in strength. The 
consumption in the United States is not half that 
in Germany per head, while in Franco it is not 
one-fifth. Bavaria drinks most beer of any 
state in Europe, the amount reaching 50 gallons 
per head, while Belgium comes next with 43. 
In Great Britain it reaches 30 gallons per head, 
77 gallons of beer being drunk for every gallon 
of wine. The average strength is under 6 per 
cent, of alcohol, and the cost about 9d. per 
gallon. 

The consumption of alcohol generally is 
enormous, and its importance well entitles it 
to be considered a little? further, for though in 
this country comparatively little wine is drunk, 
aa it is not a wine-growing country, the amount 
of beer and spirits used is very great. 

All are agreed that alcohol in excess is a poison, 
but no other poison is taken so generally as a 
beverage and as an article of everyday use. 
In this, of course, lies danger, for where the 
dose that is poisonous l>egins and the dose that 
is harmless ends cannot be det’aed, as it varies 
so enormously in different people. 

Just as our own country suffers from a plethora 
of meat, so does it suffer from excess in alcohol, 
and ihtfe galling to see the land of the degraded 
Turk a sobriety we cannot display at home. 
ff The Panger of Alcohol. Alcohol is a 
stimulant and a narcotic like opium, though 
much less deadly in its effects. But it is the 
VA<Tong sort of stimulant. It is the sort which 
makes the jaded organism put forth •more 
wength, but it does not supply strength as 
^d does. Moreover, alcohol not only does not 
give strength, like food, but it destroys the 
^vl^ppetite for food itself. Its power as a stimu- 
lant is really ultimately due to ite paralysing 
effect on the nervous system. 

‘ Every part of our body — notably the heart — 
m escapement actioh to prevent it from 
l^ing too fast. Take the esya^^ment off a 
eioek cjr watch, and see how merrily the wheels 
and hands go round, though it can no longer 
^ fceefi time, and soon runs down. So with 
alcraob^ ' It inereaees the action of the heart 
g^tly, and the effect of this on an already 


tired organ can be imagined. In largo doses 
as a narcotic, it paralyses the nerve centres 
themselves. 

It usetl to be thought that alcohol was a food, 
but few think so now. It is true that it is made 
from sugar, which is one of the best foods and 
heat-fojmers in the body ; and it used to bo 
thought that alcohol increased the heat of the 
body, though it was known that even if it did 
so it stopped the combustion of other foods, and 
decreased vital action as a whole. Like sulphur, 
it might burst into a flame itself, but it put out 
the fire. But w^hen it was discovered by the 
clinical thermometer that all feelings of warmth 
from alcohol were fallacious, and were simply 
caused by a rush of blood to the skin from the 
nerve paralysis caused by the spirit, and 
that the body was actually cooled and the 
temperature lowered according to the amount 
of spirit drunk, all claims for alcohol as a food 
had to be abandoned. 

Effect of Alcohol on the Blood. 

Alcohol, therefore, gives neither strength nor 
heat, but it does check other vital processes, 
especially digestion, so that hunger may bt' ap- 
peased by it ; but the blood becomes darker 
from its greater impurity, from the lessened 
metabolism, or oxidation, upon which life depond.s. 
We need not here di.scus.s the effect of alcohol in 
excfssy for wc all know that it impairs the action, 
not only of the nerves, but of every organ in the 
body, and especially of the brain and higher 
nerve centres, so tliat in time it even altera the 
moral character. 

Bui, 80 far, wt have not said one word in its 
praise. I« it never a real help to the body ? 

One may answer, “ Never to a really healthy 
body, but frequently to a weak or diseased 
one;” only, then it becomes more of a medicine 
than a beverage. Three-fourths of the stimulants 
drunk tend to the detriment rather than to the 
good of the human body. To the jaded they 
will, however, always be as popular as bill- 
drawing is to the impecunious. The one is a 
draft on health, and tho other on wealth, and 
both lower and lessen tho future resources, 
though both give immediate relief. Going to 
the brandy bottle is therefore radically unsound 
finance, and is very much like going to the Jews 
as money-lenders — both too often end in ** going 
to tho dogs.” 

Tea. Tea is tho next most popular bevorago 
in this country, being for some reason far more so 
than coffee. We are told this is because we do not 
know how to makq coffee here ; but we find 
sometimes execrable coffee abroad, and more so 
now than formerly, while the sweet Turkish 
coffee with its grounds is distinotly an acquired 
taste. 
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The valoe of tea to Uiie country is, as we 
have already pointed out, immense. When 
we consider that we drink on an average throe 
pints, a day, and that before the intrc^uction 
of tea and coftee the choice lay practically 
between beer and water, it will seen what 
a boon the introduction of such a beverage was. 
When beer -was the staple beverage, very exact 
manual work was almost impossible, and the 
extraordinary dexterity needed in the present 
day could never bo attained and the reputation 
of this country for supremo excellence in making 
machines of precision never gained, had beer 
continued to bo the skilled workman's only 
drink. Tea assists tho nerves to do the finest 
and best work bodily and mentally, provided 
it be made in the way wo shall desfi-ibe, and only 
when taken in great excess is it deleterioii's 

Tea, coffee, and cocoa owe their value to three 
alkaloids — theiney caffeine y and theobromine (or 
tho food of the gods). Tho two former are nerve 
stimulants, and the latter a muscular stimulant. 

The Tea Plant. Camellia thea^ or the 
tea plant, is a camellia with toothed oval 
loaves. The top leaf of bud or twig is 
the most valued and most tender, and makes 
Orange Pekoo tea The larger leaves form 
Souchong, and the lowest Congou lea Jn 
green tea the leaves aro quickly dried over a 
wood fire ; whereas in black, they are first 
fermented for twelve hours and then slowl.v 
dried over charcoal. When selecting tea, water 
poured over it will unroll tho leaf and show if 
it be a small whole leaf or a large one cut up. 

The total soluble matter in goo<l tea is about 
30 per cent. In tho general use of non-alcoholic 
beverages other than water, milk comes first, 
then tea, then colTee, and then cocoa. Jn the 


It is often a great mistake, therein to lend 
to London for tea when living in th^provinoes 
better results can, as a rule» be obtained by 
bu}nng the best tea from the best local dealer. 

Tea wastes least if the finest quality is used 
crushed or powdered into dust, such as is now sold 
in tabloids. Tea retards tho digestion of moat 
and starch, and is best, therefore, taken apart 
from a heavy meal, although tho slowing of 
digestion is rot necessarily an evil. Hence, 
with the young and strong, meat teas are very 
popular. 

Like tobacco (if taken in excess), tea is 
least injurious when most adulterated. That 
from (^hina has least tannin, Ceylon comes next, 
and India has most. 

Analysis of Tea, Coffee, and Cocoa. 

Tn Franco and Germany cofToo is drunk most ; 
in Russia and England, tea ; in Spain and 
Italy, cocoa. Tho following is an analysis of 
1 lb. of each. 
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One w'ould have thought that in this great 
countiy of tea drinkers, the making of tea in the 
pro|>er manner would be universally knowm, 
but it is not so. The following sketch by the 
late Sir Andrew Clark will be recognised as 


seventeenth century tea coal ten guineas a pound. 
Ten years ago tho consumption was over 71b. 
a head per annum ; it is now considerably 
greater. Brick tea made of tea-dust and leaves 
is eaten in Asia with butter as a food. Tea itself 
contains no nourishment. In China and Japan 
it is drunk as a pure beverage like water. In 
Russia it is flavoured with lemon ; in England 
a cup of ‘‘tea” is really a nourishing soup made 
writh milk and sugar. The theine constitutes 
about 3 per cent. 

Of the tannin in the leaf, of which we hear 
so much, three-fourths is soluble in boiling 
wQ/tety and is, therefore, at once dissolved wrhen 
boiling water is poured on the leaves. To 
have tea without tannin the water must not 
be above 180°. The bitter taste when tea has 
stood is due to a bitter principle dissolved with 
the rest of the tannin after some time. It forms 
an admirable beverage taken cold. 

Quality of the Water. Hard water wastes 
one-thini of the tea. The quality of water 
affects the tea greatly. Certain kinds of tea 
only yield their best properties to certain 
ol water. In England the character of 
varies greatly in different towns ; 
P v^'bflplt is &at me tea-dealers in each 

trith blends oarefdlly pre^ 
particular watar of 

Wif la "iosieertaiaed by experiment, 


true by scores of sutterors 

A Good Cup of Tea. “ When I go into 
a drawnng-room, the lady of the liouse will say 
to me, ‘ Sir Andn*w, you look so tired, do let 
me give you a cun of tea.’ I say, ‘ Thank you, 
very much.’ But the tea has stood for haft an 
hour, and she remarks, ‘ I know you do not like 
it strong, Sir Andrew,’ and then she pours about 
a tablcspoonful of tea into the cup and :p||b it up 
with water. Now, I caW it positive cruelty' to 
give tea like that to anybody, and I hope you 
will always set your face against such a beverage. 
Tea, to be useful, should be, first of all, black ’ 
China tea. ... If you want, then, to have 
either for yourself or for your patients tea which 
will not injure and which will refresh, get blacij^ 
C‘hina tea, putting in the right measure — the 
old-fashioned teaspoonful for each person and 
one for the blessed pot. Then jpour on briskly 
boiling water, and within five m%nvtes you mpst 
pour out the tea, or it will become wicked 
instead of good. Let this patient, therefore, 
have half a pint of tea k la Clark, if you 
please.” 

Now this is all very well, but it is quite obvkms 
it does not at all meet the whole ease. ,Xf ev^ 
one at breakfast or afternoon tea wei^ 

^ wRh his cup to be filled only once fite pdnutes 
.after the tea was infttse^, idl would get tea 
la dafcic. uo, oi^ :who . miwd ten 
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minute or half an hour afterwards, or who asked 
for a second cup, could hope for a taste of this 
mi^hless beverage. And yet breakfast and 
aft^oon teas, when tea is mostly drunk, are 
two notoriously unpunctual and lengthy meals. 
Sir Andrew would hardly suggest a fresh infusion 
for each person, and failing this, bad tea must 
be drunk, if there be no better remedy. But 
there is ; for the root of this evil is not m the 
tea standing^ but in the tea standing on the 
leaves. 

Tea-leaves L«eft in the Pot. One 

of the most curious survivals of senseless customs 
is that everywhere, for some utterly unknown 
reason, the tea-leaves are left in the pot, and the 
tea stands on them. They are always a nuisance, 
they cannot improve the tea, and the most 
ingenious devices have been patented to avoid 
their getting into the teacup, wiih very imperfect 
success. In the teapot they are ever blocking 
up the spout and embittering the temper as 
well as the tea, and yet no one has ever explained 
why they arc kept in the teapot at all. If it be 
true, and it is so, that the maximum of good 
and the minimum of evil is found in tea which, 
made with fresh boiling water, has not stood 
over live minutes on the leaves, how is it that 
some genius has not arisen to direct that at this 
moment the tea should all Ix^ poured into a 
clean, hob teapot, and thence into cups as 
required ? No doubt it needs a genius even to 
conceive such a simple remedy, but some day 
he will arise, and then all the tea terrors of tlu^ 
breakfast and tea-table will depart ; and all 
hideous nightmares of nauseous bitter infusions 
and their consequences will be forgotten. 

It is obvious that the length of time that the 
tea stands in a clean teapot is immaterial, and 
with this simple device, a man, for the first time 
in his life, may find his second cup of tea as 
wholesome as his first. Surely, this chapter is 
worth reading for the sake of this one piece 
of advice alone. It is so important that w'e 
have spent some time in pointing out its great 
value. 

\ Coffee. Coffee is a plant allied to the 
cinchona {Caffea arahica). Roasting of the bean 
is essential, as it separates the caffeine from the 
tanhin, changes the sugar and starch into 
caramel, and drives off the water. 

. , Coffee is generally adulterated with 30 per cent, 
of chicory. When really good it requires one 
.ounce to each large cup (making two cups of 
qaf^ 'au iait), and costing twopence ; in England, 
^ ounce is often all the allowance for a quart of 
coffee. It is a diuretic and sudorific, and delays 
,^Mtion of meat, but not that of starch. It also 
hunger, and is a powerful nerve restora- 
. tfve. Coffee is best when freshly roasted and 
; COar^ty ground. It can be made as perfectly in 
A9 m the most elaborate apparatus. The 
: is freshness and sufficient 

: Cdcbik. Cocoa is the roasted bean of 
: eatao;, I^epared cocoa has half the 

the bean, removed, 
a and the nibs can be infused 

shells at twopence a pound 


form a cheap nourishing beverage for the poor. 
Chocolate is made with sugar from the finer 
parts of the bean, and is a most digestible and 
nourishing food. 

The great advantage of all these three 
beverages — tea, coffee, and cocoa — is that they 
are made with boiling water, thereby insuring 
safety from microhic poisons. 

It may also be remarked that all three 
beverages — tea, coffee, and cocoa — are used both 
boiled and infused. Boiled tea is eominon at 
sea and abroad. (Coffee is both infused and 
boiled, and so is cocoa. In each ease the 
infusion profluees a lighter and more digestible 
beverage. Boiling is more nourishing in the 
case of eofftic and eoeoa. There can be no 
doubt that infusion is b.‘tterin tea. 

Various temperance infusions are palatable 
and refreshing, their chief value being tht‘ 
simple fact that the \vater is boiled. Hop teas 
and beers (kops, etc.), treacle beer, and many 
other varieties arc found in different parts of 
the country. Oatmeal and water is much drunk 
in the harvest field. 

Mineral Waters. We now come to 
mineral waters of all sorts, and their variety is 
increasing every day. They are mostly described 
by their names. Potash and iithia contain 
potash and Iithia ; soda-water, as a rule, how- 
ever, contains no soda ; only in exceptional 
oases is it anything but a plain aerated water. 
Mineral waters are vtuy refreshing and harmless 
taken in moderation. The water in them, 
though not boiled, is rendered safer by aeration, 
for carbonic acid gas destroys most germs. 
There is a danger in the use of syphons from 
some waters rapidly dissolving the lead of the 
taps. Some of the Ix'st firms take elaborate 
precautions against tliis subtle poison by having 
nothing hut grain tin pipes (no lead) in their 
factories, and having no lead glass or exposed 
metal in their syphons, which have their taps 
glazed inside. These aerat ed waters are flavoured 
with varieties of syrup, so as to produce 
lemonade, ginger-ale, orangeade, etc. ; their 
consumption is enormous, and is increasing 
rapidly. 

Wo must not leave the general subject of 
temperance beverages without pointing out, 
since sugar changes by fermentation so naturally 
and rapidly into alcohol, that many of them — 
and especially home-made wines — supposed to 
be free from alcohol, are intoxicating. This 
arises largely through ignorance, and can only 
be safeguarded by* either drinking these wines 
ivhen quite fresh, or by stopping the alcoholic 
fermentation by such dnigs as boric or salicylic 
acids. Many people are victims to home-made 
vdne, believing it to 1x5 free from alcohol. 
Indeed, one of the largest manufacturers of 
these drinks has lately stated publicly tliat a 
large proportion of them are more intoxicating 
than lager beer, and that many of them are 
as strong as Bass's ale, containing more thb>n 
10 per cent, of alcohol Another worker in the 
temperance cause states that cases of drunken- 
ness from drinking “temperance drinks “ arc 
far from uncommon, partieulik^y in tlie Norths 
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where herb and ginger beere are so popular. 
Young girls and children are allowed to drink 
these freely, under the belief that they contain 
no alcohol, and m this way a taste for stiong 
drink may often begin 

Effervescing Waters. No artihoial water 
18 , however, to bo compared with the natural 
pure effervescing waters, such as Perrier and 
Apollmaris Here, the watei jh always pure, 
and the aeration is not so coarse as in attihtial 
waters, so that they are more palatable and 
digestible If these waters are bottled at the 
sprmgs and uncoikedupon the table, no impuiily 
can enter them 

Water -\nd now we ( omo to what is 
often a tnily dangtrous bev(rag(, whuh is 
certainly neithtr food nor stimulant, but not 
seldom a poison —namely, watti 

Water drinkers have falUn on evil days, and 
have to walk, oi rathci sip, wanly We have 
lately returm d from a tup to (lieece Paits 
tino and Egypt, and foi six wetks no drop of 
ordinaiy water has passed oui lips Otluis 
have drunk the water of the countiy, and sevi lal 
have been very ill with typhoid, etc , and two 
have died Of comse, puic water is still oh 
tamable, but gets scarcei ovoiy day as th< 
population incut Hhes 

What, then, is a man to do ' Boil tiu watci 
says one Did you c vc i di ink boih d w alt r , ind 
do you know boiled watei keeps hot oi lukewarm 
for a long time ^ And one generall^r wants 
cold water in a huiry 

Are Filters of any Use? Until tin 
elaborate report on liKerh, in 18M4, maily 
eveiy house prot<ett»d itself -in imagination 
at any rate — by eithei a (hare oil or a sponge 
iron biter The idea m the formci A^as to 
strain off the impurities, and in Uk litter 
to deoxidise them , but both pioceedtd on 
a false assumption that they had mechanical 
or chemical impurities to deal with, and not 
organisms How very populai these filters 
were at the time ’ Almost ©very eottagi had 
a glass charcoal block filter standing on the 
family Bible with the water tinkling as it 
dropped through 

The report on filters, in 18<)4, states that in 

No 1 filter, of compressed charcoal the germs 
m tap water were increased ten times after 
filtration 

No 2 of asbestos cloth, the same thins: 
occurred 

No 3, of carbon block, loose charcoal, etc , 
produced the same lesul^ ^ 

No 4, of powdered and gianular chatcoal, 
the increase was innumerable 

No. 5f of magnes carbide, the same 

No. 6, of siheated carbon, the same 

No. 7 (Maignen^s) increased the germs a little, 
but cholera germs lived 32 days m it. 

Reliable Filters. All other filters were 
worse, save three, which were perfect, and let 
Dp jl;)irough after four days* running 

fie .bow in use, and are the Poiteur- 
in which the water pmolates 
MMlb por^hlatoi the PorcMi^ Fffterr 

^ dbes^e same; and theBerX^e/dd, m. 




which it percolates 'dirpttgh Idmil .cleyi ^ese 
aro quite safe, but slow m action* Vet Oven 
these require to have the tubes washed tod 
boiled regularly, or they soon get choked 'and 
useless 

So the result is that all the ordmary filters 
with those well known carbon blocks simply 
form crowded nurseries for germs, and intro- 
duce abiolutely ten times as many mto the 
waUr as there wore before, while the reliable 
filters only let the precious fluid through drop 
by drop, so that a thirsty man has to wait bome 
minutes to get a quarter of a pint What, then, 
IS to bo done ’ 

The first comforting reflection is that many of 
UK are still alive in spite of impure water, for 
fortunately but f( w ot the countless germs wo 
swallow qre malignant The bcbt thing we can 
do iH to get the water fi om aw pure a source as 
possible, and when any suspicion aiises or any 
epidemic is about, to drink only boiled fluids 
Water for dunking should be soft and pure, 
and IS best if slightly aerated The best water 
to drink is tresh spiing waUi , this, however, 
IS a luxury that is laur than good wine, and the 
bulk of the population have no idea what 
such water is like On a lecent visit to thci 
Dot side our exduNivo dunk Avas this delicious 
Avatci though in London we nevci drink the 
tap Avatir Watei receives impurities in foui 
plaee s At its source, as m shallow wells, nvors, 
(li , in itamtty from vaiious contaminations; 
in (listnbution, principally fiom lead pipes m 
houses , and lastly m storngp, from bad water, 
butts, or foul OI uncovered cisterns 

When the av itei is doubtful or unpalatable, 
Iho only plan is to dunk fiom syphons or to use 
natural aeratc^d waters 

DIETS 

We^ have aheady pointed out in the course 
on physiology that the average man loses 
some 300 grains of nit’^ogcn and 4,500 grams 
of carbon daily, and requiie*" therefor© this 
amount of foodstuff to replace it 

The following standaid diets show roughly 
how this may be done 
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FuocUtufTK 

In lUpoH 

4^t y\ ork. 

At Hard 
Woifc 

Albumens 

2 6 07 

4 o oz 

— f 

6 0 oz. 

Carbohydrates 
Hydioc arhons 
Salts 

12 0 „ 
010 „ 

5 „ 

14 25 „ 
30 „ 
10 „ 

10*0 „ 
36 „ 
15 „ 

Contamiug 

nitrogen 

Containing 

175 gr 

320 gr 

420 gi. 

carbon 

3,160 „ 

4,700 I 

5,40$ „ 

Producing foot 

tons of foioo 

2,370 

4,000 1 
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Ordmary food is half water, so the weights must 
be doubled and three pints of fluid added for a 
beverage. An average man rdqures to eat 
hundr^th of his weight m dry food, and three* 
hundredths in water, or oue twenty*flfth of his 
weight daily. Ordinary woyk Wta hours 
aday,hardwprirtiwlvie.,^^ 

^ V ..'ll 




PEAS6BSANS 


-AUtttiai Per Head. Let us bear in 

mind the general ratios are 1 part of nitrogc^n to 
15 of carbon, or 1 part of nitrogenous foodstuff 
to 2^ of non-nitrogenous, and 1 part of fat to 0 
of starch or sugar. The annual co‘^t 
per head for food bought is said to 
be £7 6s., or about 6d. a day. Of 
course, this estimate includes all 
infants and children, and does not 
take into account the largo amount 
of food that is grown by its con- 
sumer and not bought. 

Women require usually 10 per 
cent, less food than men, and two 
children of 10 years are equal to a 
woman. One child of 14 y(‘ara is 
equal to a woman, and a youth is 
equal to a man. 

In comparative food values, one 
egg at Id. is equal to I,! oysters 
costing 38., while a quarter of a _ 

pound of steak costing 4d. is equal potatoes gj 
to 5 dozen oysters coating 12s. (id ,or 
half a gillon of beef-tea costing 5 h. 

The least a working man can 
live on in health is IJ lb. of 
oatmeal and a quart of milk daily, costing 
5s. 3d. per week, though the average cost of 
bought food per head is only about 3s. Three 
pennyworth of oatmeal contains as much 
nourishment as 3 lb. of meat costing 2s. 6d. A 
very good vegetarian dinner can be obtained 
for 4d., containing the same nutrition iis a 
meat dinner for 28. Wo must ever remember, 
however, that of vegetable albumen only 46 per 
cent, is digested, while of meat albumen 80 per 
cent, is used. 

In Western Europe the di(‘t is one-quarter 
meat and three-quarters vegetables. The amount 
of meat eaten per head in England is 136 lb. per 
annum, in Belgium, 84 lb., in France, 46 Ib., in 
Qermany, 36 lb. Most meat h eaten in London. 

Special Dietaries. The agrieiiltural 
labourer lives chiefly on bread, cheese, bacon, 
potatoes and greens. The artisan adds meat 
and butter to these. 

The best mixed diet to supply 4,500 grs. of 
carbon and 300 grs. of nitrogen daily Is 2 lb. 
of bread and £lb. of meat, or any food in the 
proportion of parts of non-nitrogenous food 
to 1 part nitrogenous. 

Of nitrogenous food a baby requires 30 grs. per 
pound of body weight daily — e.j/., if its weight 
he 18 lb., 1,640 grs. or 2 pints of milk will b‘ 
needed. This decreases down to 15 grs. per 
pound body weight in old age — e,g., if the 
weight bd 11 stone, 6 oz. is required or 6 pints of 
miS. . 

Analysis of Foodstuffs. The following 
UnalyBie of a few leading articles of food will 


HSALTH 

show how far each constitutes a complete diet 
in itself. 

The true 'proportion of food is 1 part nitrogenous 
to 3J non-n%trogenou8. 
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SALTS WATER 

NITROOENOUS NON NITROGENOUS MINERAL 

T\BLK OF NUTRITIVE VALUE OF FOODS 

The table shows that milk and, thooretieally, 
pork both contain the right proportions of the 
two foods — that is, 1 part nitrogenous to 3 J parts 
non-nitrogcnous. The large amount of fat which 
pork contains, however, renders it very hard to 
digest ; and therefore it is practically useless as 
a complete diet. 

Milk is 9 parU water, J albumen, J fat, and 
h sugar, proportions that are perfect for a com- 
])Iete diet. 

Bread, we see, is deficient in nitrogen, oh are 
nee and potatoes to a still greater extent, while 
fish has tho proportions rovei'sed, 3J to 1, instead 
of 1 to SJ. 

A diet r(‘(iuires, of course, not only to be mixed, 
but to be varied in (piantity according to tho 
amount of work done and waste produced. 

Amount of Daily Food. It is found that 
on an average a man lequires for his existence, 
in dry solids, 3 or 4 oz each of proteids and 
fats, *10 oz of carbohydrates, I oz. of salts, 
besides 3 pints of water, or about one twenty- 
fifth part of his weight daily. If he be working 
very hard, tho quantities maybe nearly doubled ; 
if he b..* at perfect rest, tiny may be reduced 
one-third ; or, in quiet life tho solids amount 
to 18 oz., in ordinary work to 22 oz., in hard work 
to 2 lb. Tho amount required also depends on 
ago, season and climate. 

Many attempts have been made to diminish ' 
the bulk and weight of food without decreasing 
its force ; but all have practically failed. It 
appears that the organism requires bulk, and 
the fact that all the food is not digested is by no 
means an evil. 


Continued 
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dbpoiids the problem of* personality. Let us 
take am example. 

A man with a largo, healthy, and active brain 
is often a fool, nay, in sometimes a lunatic, 
while a man with a small and sometimes a par- 
tially diseased brain is frequently a genius. The 
reason is this ; In the first case the fragmentary 
self detached to work the brain is too small or 
weak to take advantage of its splendid organ, 
while in the second case the fragment doiached 
is so powerful and vigorou.s that it is able to 
bend an inferior machine to great issues. Thus, 
Beethoven would make finer music from a p(‘nny 
whistle than a savage from the Andaman Islands 
could draw from a perfect piano. 

This theory of a partially but never wholly 
manifested self is, perhaps, seen with greater 
cloamesR in that form of personality which wo 
designate as genius ; or perhaps it vonld bo 
more accurate to say that in his chapter on 
genhis Myers has been happiest in demonstrat- 
ing the verity of a thesis which ho has proved 
to be equally applicable to every phase of 
human consciousness. 

What is Genius ? Myers suggests that 
genius should bo regarded as a power of 
utilising a wider range ol faoulti(‘S, in some 
degree innate in all, than other men can; 
a power of appropriating the results of sub- 
liminal mentation to subserve the supraliminal 
stream of thought; so that an “inspiration of 
genius” will bo in truth a svhUminal vprusfu 
an emergence into the cinrent of ideas which the 
mam ia consciously manipulating of other ideas 
which ho has not consciously originated, but 
which have shaped themselves beyond his will, 
in profoundor regions of his being. 

Let us here quote Myers in full ; 

“ Since the germ of life appofired on earth, 
its history has been a history not only of gradual 
aelf adaptation to a kno^v^l environment, but 
gradual discover y of an environment, always 
there, but unknown. . . . 

“ It is probable, to begin with, that the only 
environment which the vast majority of our 
ancestors know was simply hot water. For 
the greater part of the time during which Jife lias 
existed on earth, it would have been thought 
ohimerical to suggest that we could live in any- 
thing else. It was a great day for us when an 
Ancestor crawled up out of the slowly-cooling 
‘ nea; or, say, rather, when a previously unsus- 
pected capacity for directly breathing air gradu- 
ally revealed the fact that wo had for long been 
breathing air in the water. . . . ISIay wo 

‘not, then, suppose that there are yet other 
environments, other interpretations, which a 
farther awaMtaiing of faculty still subliminal 
is yet fated by its OAvn nascent response 
to discover ? . . . The higher gifts of 
^ genius^poetry, the plastic arts, music, philo- 
,tiophy, pure mathematics — all of these aro 
preoisedy as much in the central stream of 
evoln^onT-'^o perceptions of new truth and 
powers of new action just as decisively pre- 
deet^ed for the race of man— as the aboriginal 
: faculty for throwing a boomerang 

up octree for grubs 


MYCHOLOOY 

What Does Evolution Mean ? “What 
inconsistencies, what absurdities,” Myers con- 
tinues, “underlie that assumption that evolu- 
tion means nothing more than the survival of 
animals fittest to conquer enemies and overrun 
the earth ! On that bare hypothesis the genus 
homo is impossible to explain. No one really 
attempts to explain liim exc'cpt in the tacit 
supposition that Nature somehow intended to 
evolve intclligeneo — somehow needed to evolve 
joy; was not satisfied with such an oarth- 
oveiTimnor as the rabbit, or such an invincible 
conqueror as the influenza microbe. But how 
much intelligence, what kiud of joy Nature 
arrived at — is this to bo left to bo settled by the 
instinct of Vhomme sensuel moym? or ought 
we not rather to ask of the best specimens 
ot our race what it is that they live for ? 
whether they labour for the moat that 
perisheth, or for love and wisdom ? . . . 

it must bo on th(» future as much as on 
the past, on what is now in process of evolu- 
tion as mui-h as on what has already been 
evolved, thnt the attention of psychologists 
should be fixed.” 

From these few extracts the reader will , 
perceive the groat drift of Myer’s thesis. 
Genius is not to ho regarded as a more 
variation from the normal, but an assurani'c 
of giealt‘r faculty and profoundor sensibility 
within the purposes of future evolution. 
Tluae is no normal, no abnormal. The race 
of man is in perpetual flux, and at no single 
point can you lay a finger and say, “ here is 
the p(»rfeet man, the end of things created,” 

As well might a man shoot an arrow at a 
minute in time and hope thereby to set chiming 
the deck of eternity. Genius — so far as we aro 
concerned — comes into the world to awaken and 
disturb placidity and smug content. “ I assume 
in the man,” says l^Tyers, “ a soul which can draw 
strength and groc'c from a spiritual universe, and 
conversely I assume in the universe a spirit 
aec{‘ssiblo and responsive to the soul of man. 

. , . that which religions have claimed for 

their founders or for their saints, psychology must 
claim for every form of spiritual indrawing, 
every form of spiritual ro.poicc; for sleeping 
vision, for hypnotic rejuvenation, for sensory 
and motor automatisms, for trance, for ecstasy . ’ 

Our Inheritance from Great Minds. 
And then, after declaring that “ Childhood is 
genius without capacity,’*^ Myers coiiciudos his 
chapto on Genius in those words : 

“ From a greater distance wo can watch the 
inward stir of mighty thought, the same for 
iFschylus, for Newton, for Virgil —-a stir inde- 
pendent of worldly agitation ; like the swing 
and libraiion of the tide-wave across the ocean, . 
which takes no note of billow or of storm. 

“ Nay. w c can see against the sun ‘ the eagle 
soaring above the tomb of Plato,’ and in Paul, 
as in Plotinus, we can catch that sense of self- 
fulfilment in self-absorption, of rapture, of deliver- 
ance, which the highest minds have ^queathed 
to us as the heritage of their highest hours. 

“ Those our sphitual ancestors afo no eccen- 
trics nor degenerates ; .they have made for us the 
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fjtanest and most fruitful eacperiment yet mado 
by man ; they have endeavoured to exalt the ' 
human race in a way in which it can in truth be 
exalted ; they have drawn on forces wUch exist, 
and on a soul which answers ; they have dwelt 
on those things ‘ by dwelling on which it is,’ as 
Plato has it, ‘ that even God is divine.’ ” 

The Deatiny of the Race. It now only 
remains for us to reiterate the chief points of 
this famous thesis, leaving the reader to make 
himself acquainted with the mass of information 
supporting the argument tJirough the two volumes 
of “ Human Personality,” which should stand on 
the bookshelves of every student. 

The destiny of the race, rather than its past, is 
to become the science of the future. Wc know 
with a sufficient oc'curacy what we were ; it 
behoves us now to inquire what we shall become. 
To embrace this reasonable bugg(\stion is to find 
ourselves driven inwards upon ourselves. What 
are we ? With what faculties an* we (‘ndowed ? 
To w'hat end is the diseonttmt and unrest of 
Nature ? 

Myers has answered these questions. We 
arc men informed with a soul which is frag- 
mentary of a higher self; we e^n put our- 
selves into communion w'ith that higher self 
or wc can so concern ourselves with teirestii.il 
occupations as to live wholly unconscious of 
ite oKisience. The faculties we liave used in 
our struggle with Nature are in tlie lori'front 
of our consciousness, the tools nearest to our 
hand ; behind these are faculties of another 
and a higher order waiting to be di&oo\e!ed 
for use in higher eniTgies of the soul. The 
unrest in Nature is the etTort of the forces of 
evolution to bring into being ever greater and 
higher int<illigence, intelligence far superior to 
the merely hedonistic satisfactions of barbarous 
periods, and conscious of its spiritual destiny. 

Sympathy Leads to Knowledge of 
God. The supraliminal self, or, as Mr. Hudson 
has called it, tlie objective mind, is to leam m 
the future the use of other faculties from the 
subliminal self, or, as Mr. Hudson says, the 
subjective mind. It will depend more on inspira- 
tion, and intuition than on laborious observation 


G^wtli In’ Hollneik^ hot 

vet perfectect, but *dtill on Myora, 

have foretold a growth in hijlinm* By 
this I mean no unreal 'opposition or forced 
divorcement of sacred and secular, of flesh 
and spirit. Rather I define holiness as the 
joy too high as yet for our enjoyment ; the 
wisdom just beyond our learning ; the rapture of 
love which we still strive to attain. Inevitably, 
os our link with other spirits strengthens, as the 
life of the organism pours more fully through 
tlie individual cell, we shall feel love more ardent, 
wider wrisdom, higher joy ; perceiving that this 
organic unity of soul, which forms 3ie inward 
asjK'ct of th(' telepathic law, is in itself the Order 
of the Gosmos, the Summation of Things. And 
‘>uch devotion may find its flow in no vain 
s(*lf-mar(yrdom, no cloistered resignation, but 
rather in such pervading ecstasy as already the 
elect have known ; the vision which dissolves 
tor a moment the corporeal pribon-liouse ; * the 
flight of the One to the One.’ ” 

In conclubion, wc would state that at the 
foundation of this thesis, above all other dis- 
coveries of modern days in which he played 
so devoted a part, is the law of telepathy. Under 
thi* heading of Telepathy the reader will find 
.abundant proof that ideas can be communicated 
fiom mind to. mind over vast distance of space. 
It is upon this spiritual sympvthy, wo say, that 
Myt*is has built u]) the fabric of his thesis con- 
eeinmg liuman personality, which is destined to 
stand, side by side with the work of Aristotle 
and Kant, so long as the earth endures; that 
ni.xn's earth-nianifesting spirit is but? frag- 
imnt.iry of an ego entirely spiritual, and 
that the gr(‘aU‘r tlu' sympathy existing between 
this twain the greater the man and the surer 
the hope of eternal happiness. 

The Mysterious Force in Man. The 
future of psycliology must be along this road. 
The day is gone when serious ratn will ^y 
attention to a philosophy which deals witn 
the normal man, and leaves out of count the 
mysterious aberrations of personality which 
contradict at a thousand points all the old, 
comfortable theories of the human race. Whether 


and careful deductions ; it will enjoy a greater 
clarity of vision ; a fuller, if not a quite perfect, 
memory ; a knowledge of things to be ; a depth 
and intensity of feeling hitherto hardly guessed 
even by the most beautiful of souls. 

The future, according to Myers, is to bo 
growth in this knowledge, a gradual discovery 
of psychic faculty with a corresponding deepen- 
ing and widening of the spiritual life. The end to 
aim at k sympatliy. We are to quiet the perturba- 


tions of the suprauminal self, to still tlie desperate 
anxieties of the carnal mind, and to get into 
sympathetio communion with the subliminal 
self which, is ready always to sustain and animate 
ns. • Sympathy is the march- word of the future. 
Gradually we are to realise that the universe is 
and that sacred beyond all temples 
aA^ists is^the inconceivable oneness of 
ignm sympathy with sell, 

i* tmEMp dpAQ knowi^e of Uod. 


it will "ever be possible to demonstrate the soul we 
are not concerned to argue ; but we protest that 
psychical science has already amply contradicted 
the dogmatic utterances of the materialistic 
bi'hool, and this altogether apart from any of 
those occult investigations which concern the 
spirits of the dead. In the consulting-room of 
the properly qualified hypnotist, the student 
may leam tliat man is possessed of an intelligence 
differing in every respect from that by which 
he is accustom^ to guide his|djmtion duri^ 
normal life. Call this intelligence, subjeotivo 
mind, or eternal spirit, the fact will remain that 
there is in man some force or principle which has 


O^inuied 


it will be seen that this mysterms force or prin- 
ciple is not beyond the examination of sci^ieey hdt 
ir^ther lends itself earily to inveltigat|fMi| fii the 
condition whkh we spel^ of fws 
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CARPENTRY 


The Tools and Appliances Used by the Carpenter. Sawing, 
Planing, Chipping, and Boring Tools. Non-cutting Tools 
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shall first consider briefly the hand tools 
^ and appliances used in caipentiy, illustra- 
tions being given of a number of those most 
commonly used ; and later on, Nvhen sawing, 
planing, and other processes are specially dealt 
with, the tools concerned in those ojxTations will 
bo reviewed m greater detail. In the Joineiy 
and Cabinet-making sections, which arc to 
follow Carpentry, tools will be described and 
illustrated where desirable. Most of the tools 
used in carpentry are used m joinery and in 
eabinct-making also. The ditTorenee V>etw<‘cn the 
trades necessitates sonu* <ipecial tools for each, 
but carpentry is the more elemcntai’y trade 
and the one that requires the fcAveat number. 
Some tools, such as the two-handled cross cut 
saw and the ad'/e, used only for large and 
heavy work, may be icgarded as exclusively 
carpenter’s tools, but a set of the common 
woixl working tools contains nothing that is 
not useful and generally necessaiy in any 
woodworking trade. 

The Carpenter’s Bench. The bench 
on which the work is done is an appliance 
rather than a tool. Benches vary in dimensions 
and in details. The carpenter* s bench is gen- 
erally 3 in. or 4 in. lower in htsght than those 
used for smaller and more d(*Ucate w^ork. This 
IS because large and heavy work can lx* more 
conveniently handled on a low beni h, and 
partly also because the ‘shorter the i<‘gs the 
steadier it will be. The height of a bench is 
about that of an ordmaiy kitchen tabh*. but it 
should lie decided entirely by what the man 
who works at it finds most convenient. This 
will depend on his own height and on the class 
of wortc he does. Strength and ligidity are 
essentia), and therefore the legs arc always 
ootmected near their base by rails. For the 
soAia reason it is desirable to have flaps of 
cotiHderable depth screwed to the sides. A 
stop for planing again.st is necessary, and 
. also a vice for gripping wood. These are lioth 
situated near the left-hand end of the bench, 
as (hewn in 1, By slightly increasing the width 
of the single bench, and fitting a stop and vice 
. the opposite corner it may be converted into 
/ at which a man may work on 
1[>ut generally it is more convenient 
tar si^ against a wal]< preferably 
opposite. Fixed to a wall the 
fiipfo at^y, and shelves and« racks 
up. Single benches are 
^u>vei than B ft.. 6 in. in width ; 

grcsatly. When they exceed 
it is best to have, length enough,^ 
sad to fit sa intermediate 



Varieties of Saws. The fiist and most 
esscmlial tool for operating on wood is a 
(-aw In saw mills and Avell-e(piippcd shops, 
machine saws, either of the band or circular 
type, do nearly all the sawing, and only a 
tiifle is done by hand ; but the purpose here is 
to deal only with liand tools and methods, and, 
therefore, tlu* ordinary band saw [2] is of the 
first importaneo. The aveiage length of this 
is about 2fl in., and the number of teeth to the 
inch depends on thi‘ woik for which it is chiefly 
intended Most earponteis possess two of 
these saws, one for tippinq or cutting with the 
giain, and one for nttnuf. The former 

IS known as a »t/) aaw\ and the latter is really 
the hand saw propt-r. Another saw, known as 
the half iip, IS used for ripping A\heie the teeth 
of the lip saw would be too coarse For general 
purposes the ordinal y hand saw, inUmded 
primarily for crohs-eutting. is the most useful. 
'^Hie tenon saw [3] comes next in importance. 
This is used for fims’ work on the bench. The 
how saw IS <‘ni ployed for cutting to curved out- 
lines, and so also aie two lather simpler types of 
saw, known as the keyhole saw, and the compaea 
saw. The panel saw is a small type of hand 
saw, and the dovetail saw is a small type of 
tenon saw Cross-cut saws of largo size for 
eioss-eutting logs generally have a handle at each 
end, so that two men can woik them. Another 
veiy large saw woiked by tw'o men and used 
for ripping is called a pit saw. Its lower end 
woik-, in a pit over which the piece of timlicr 
cxtcmls Its teeth are given a groat deal more 
lake than any other saw for hand use. 

Planes. Aftci the ‘-aw the next tool which 
conics into most frequent use is the pifine. 
Here, again, machineiy docs the bulk of tho work 
in oommeree, though not quite to such an 
extent as in sawing. The jack plane [4] is used 
for removing the rough surface, and for quickly 
nxliieing to thickncss. Tho trying plane jS] is 
employed for producing true surfaces. The 
eimfotfniKf plane [6J is used tor smootliing and 
cleaning a surface w here accuracy is of secondary 
importance. Th<‘so three planes arc used on any 
surfaces where they can bo employed, but there 
arc a great number of other planes for special 
pui poses. Tlio jointer is an extra long tr^ring 
plane for making long joints. The reiwfc is a 
narrow piano for rebates, and the fiUiater is 
slightly different plane for the same kind of 
work. The plough is used for grooves, \ 
and rounds are required for planing hollow and 
rounding surfaces of narrow width, and fnoufd* ' 
ing planes are for mouldings. MekUr planes 
are made in great variety for small work. 
Matching planes are used for making matched 
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Joints. Routers are foriciearing out recesses 
to a uniform depth. 

Chisela and Gouges!^ Chisels and gouges 
are an important class of cutting tools, coming 
next to planes. Chisels are of three main types 
— the firmer chisel [7], the mortise chisel [8], 
and the 'paring chisel. The firmer chisel is used 
for general work, with or without a mallet. 
The mortise chisel is employed with a inallct 
for mortises and heavy w'ork. The paring 
chisel is long and thin, and is used for paring, 
and will not stand heavy malleting and prising. 
Gouges are of tw^o mam types — the outside or 
firmer gouge [^. and the inside gouge [lOJ* 
generally used for paring. The terms outside 
and inside denote the side on which the Vjevel 
of the gouge is ^oiuid Gouges vary in curve 
as well as in width. 

Boring Tools. Tools for boring holes are 
always necessary at an early stage in any wood- 
work construction. Bits, used in a brace [llj 
or in a machine, are employed m most cases 
The most important of these is the centre bit, 
so called because it has a point which can be 
made to enter the w’ood exactly where the 
centre of the hole is to be. The luyist or auger 
bit shown in 12 is a centre bit, but it is not called 
by that name because the name has boon given 
to an older form. These bits range in diameter 
from about J in. to 1.V in., the medium sizts 
being those most used. The carpenter also 
employs them in the form of auxjers. That is, 
instead of having a shank to fit the brace, they 
are greatly increased in length and are fitted 
wdth a handle like a very large gimlet. This 
form gives more pow'cr in turning and enables 
the tool to bore or to reach a longer distance', 
but of course it cannot be turned so quickly 
as in a brace. The older form of centre bit 
is still commonly used ; but it is so inferior to 
the twist bit in every way that ijb will probably 
ultimately become obsolete. Small bits for 
screw holes are generally of the shell typo [13]. 
There is considerable variotv in the braces that 
are used for operating the bits. Formerly, 
wogd braces w^ere very popular in England, 
though more expensive and not more efficient 
than iron ones ; but the iron brace is made 
in more variety now, and the ratchet movement 
which is generally fitted to it is very useful. 
Oimlets and bradawls are boring tools for use 
in the hand. Gimlets [14] are employed for 
boring screw holes when it is not convenient to 
use a orace and bit. Bradawls [15] are so small 
that they are more efficient fitt^ with a handle 
of their own than a bit of tho same diameter 
used in a brace could be. The countersink bit 
[16] is used for jcountersinking screw holes, and 
the screwdriver bit [17] is used in the brace for 
turning screws. 

Oth^ Cutting Tools. Besides those 
already .mentioned there are some other cutting 
^too^'^ lirtddi may be considered not quite so 
Theta is the spokes^ve [18]» 
‘ , is Mlaliy a form of plane. There^is thO 
^ The hatchet or axe is imed 

; %iid ehippitig^ and hi too ' welT 



known to need any" The ^ adte 

differs from the hatehet wy iii"haTiii|t its 
cutting edge at right angles like a hoe, and 
being provided with a longer handle than a 
hatchet so that it can be used for chipping the 
surface of a piece of wood lying on the floor. 
Tho draw knife [19] is another tool which is used 
for trimming and removing chips, generally from 
the corners or edges of wood. It is a knife 
fitted with a handle at each end, and it cuts, 
not by hacking, but by being drawn through 
the wood by moans of the handles. 

Non-cutting Tools. After the cutting 
tools come the tools and appliances for testing, 
holding, marking out, measuring, etc. For test- 
ing the accuracy of work, squares [20], straight^ 
edges f winding strips^ bevels [21 j, calipers, spirit 
levels, and templets are used. For holding and 
assisting in operations there are a number of 
special appliances used by carpenters and other 
woodworkers, most of which, being entirely of 
wood, are made by the workman himself. 
The shooting board is used for planing wood ^n. 
Its primary purpose is for planing edges in 
place of holding the wood in the vice. It 
alToids a guide for the plane, and ensures an 
approximately square edge without constant 
testing with a square. It avoids injury to the 
surface of soft wood, which sometimes occurs 
through tight gripping in a faulty vice, and in 
the ease of very thin pieces of wood there is 
some risk when held in the vice of their breaking 
under tho woight of the plane. The shooting 
board is also very useful for doing fine work on 
when tho bench surface near the stop is in a 
badly w orn I'ondition. The snitre bhek and 
mitre box are used as guides for the tenon saw 
in sawing to definite angles. The bench hook 
is a block of wood employed on tho bench as a 
stop for sawing against. The angle board is a 
board about tlio same size as a shooting board, 
with V grooves along its surface and a stop at 
tho end. Strips of wood can be laid comer 
down in one of these grooves and can then bo 
planed to a triangular section. Hand screws 
and clamps of various kinds are used for holding 
pieces of wood together temporarily while glue 
is sotting, or while screwing, nailing, or marking 
out. Saw stools are low heavy stools for sawing 
on. Trestles are a lighter and higher form of 
stool, generally used in pairs for laying work 
on. 

Gauges. Gauges are constantly required! 
in woodwork at the bench, for marking lines 
for cutting to. They consist of a block or guide 
which can be adjusted on a stem to a given 
distance from the cutter which marks the line. 
The guide is slid against a face or edge of the 
wood which is already planed true, ^ the 

marker, or nicker, cuts a parallel line 8li^% 
into the surface. This is more suitaUe- than a 
pencil line for working to. An ordinary gai^e 
IS shown in 22. Mortise ^uges [26] hhve two 
markess adjustable in relation to oaoti '*ather, 
'^^d two parallel lines can thnt ' hmriM 
rmmultaneoualy. These gauges are atekt 6 ki* 
in length, which is S>ngeiiodjh%otdh^ 
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work. Panel gauges [24J are 20 in. or more in The trimmer is a machine which is very useful 
length, binders [25] and trammels [23] are on any woodworker’s bench. It saves a gr^t 
used for marking circles and sweeps and for deal of chiselling, sawing, planing, and testing 
making equal divisions. wth square and bevel. It is a shearing machine 

Other Hand Tools. Hammers of various operate by a lever. The bar cramp [80], of 

sizes are employed, chiefly for driving nails which there are several varieties, and the hand- 

and brads. The claw hammer [27 j is generally .screw [31], are used for cramping parts together 

prefen’cd by carpenters because the claw can temporarily. ASaw-stools [32] are used for 

be used for withdrawing nails. Nalhts are used sawing on. 

for driving chisels and gouges when the work The Function of Cutting Tools. All 
is rather too heavy for pressure with the hands cutting tools, whether of the saw, chisel, 
alone. A mallet is }>ref(‘rable to a hammer for plane, or seraper typo, remove the material in 

this purpose, because its elTeci is not so intense ])ractieally the same way. The sharp edge of 

and local. It imparts more of a ])UHhing action the cutter enters the surface and cuts and lifts 

throughout the chisel than a liaminer does. away a shaving. The teeth of a saw act in the 

A hammer exerting <mly tlic same power soon same way as a plane iron, the only difference 

batters the end of the eliisc*! haiulle to pieces, being that the teeth of the saw are very narrow 



CARCENTEBS’ TOOLS 

25. Compasses or Dividers. 26. Truiiuuels. 27. Claw tiuniiuer. 28. Piiifers. 29. Sorewdriver. 30. Bar Cramp. 

31. Hand -screw. 3?. Saw -.stool 


and the smaller and lighter the hammer the and cut a groove through the wood. The 

worse are its olTects. Punches arc used for difference between planes and chisels is that 

driving nails below the surface. Pincer.s [28] are a plane iron is fixed to cut to a certain depth, 

for withdrawing nails, and for any other purposes* while a chisel is controlled solely by the hand, 

for W'hich they happen to be suitable. Chalk line.s Planes are used primarily for levelling and 

are used for marking long straight lines for smoothing surfaces, chisels primarily for 

sawing to. These are often required on planks, removing material ; but each is employed 

especially when the edges are not straight generally on surfaces for w'hich the other would 

enough for gauging from. Screwdrivers |29] not be suitable. The scraper is a tool which 
are used for.turnii^ screw'.^. is generally used after the plane on hard wood. 

Sharpening tools. Crindslonc-s and hones It is used more by cabinet-makers . than by 
are used for sharpening tools. Hones or oil- carpenters. It is a thin plate of steel used to 

atones are mounted in a wood case to minimise scrape out plane marks and obtain a smooth 

the risk of breakage and to protec’t th^-’m from . surface in places where the grain is too curly 
dirt and prevent them from slipping when in to be planed writhout getting tom up. Its edges 

use. Slips are small pieces of oilstone held in the are made acute by burring them slightly. When 

hand for sharpening the cutting edges of gouges. properly sharpened it scrapes a very fine shaving. 

Continued 

For A Short DionoxARV or Tebics in Cabpentry, see lollowiog pages 




A SHORT DICTIONARY OF CARPENTRY & CABINET' WORK 


ADXK — A long-handled tool of the axe 
typo used In heavy carpentry for 
dressing large pieces of timber. It 
differs iroin an axe in several details, 
but the most noticeable is that the 
blade is at right angles instead of in 
line with tlie handle. 

Angle Board — A board with V grooves 
in which to plane angles, Hllcts, 
round rods, etc. 

Astragal — A semicircular moulding 
which projects. When flush with 
the surface it is a head. 

Auger — A long boring tool, usually 
tltted with a transverse handle like 
a lari^e gimlet. 

Auger Bit — A bit of the auger type 
used in a brace or macliiiic. 
Axe^-Used for felling trees and chip- 
ping and splitting wood. When 
small and light it is calle<l a hntehH. 

BACK SAW — A Saw stitfeued by a 
metal back. Tenon and dovetail 
saws are examples. 

Badger Plane — A large rebate plane. 
Balk— A squared trunk or log. 

Bar Clamp — A damp the body of 
whir'i is a bar on which the lo»)se jaw 
slides. 

Barefaced Tenon — A tenon shoul- 
dered only on. one side and flush on 
the other. 

Batten — A piece of wood screwe<l or 
nailed on a surface to give strength, 
usually to stilfen cross grain or hold 
hoards together. 

Bay wood - An inferior species of 
mahogany. 

Bead —A small rounded moulding with 
a quirk on one or both sI<1ch. 

Bead Plane — A plane with Its sole and 
cutting edge of a form for planing 
beads. 

Beam — A long i)ieee of timber of large 
section, generally used in a liorizontal 
position for spanning, and supporting 
weights. 

Beaumontague — A stopping com- 
posed chiefly of resin and tjeeswax 
used for lining holes and defects In 
cabinet work. 

Bench — The table on which w'ood- 
work is done, it Is provided with 
a vice and stop. 

Bench Hook — A block of wood which 
fits against the edge of the. bench, 
and IS used as a stop for cross- 
cutting pieces of wood on the bench. 
Bench Knife— An appliance some- 
times used for lioldlng wood wliile 
pBning. 

Bench Planes -The planes constantly 
used and kept on the bench, (icner- 
ally understoml to moan the jack, 
trying, and smoothing ))laiics. 

Bench Screw — The name sometimes 
applied to the vice uSi^J fur gripping 
wood at the bench. 

Bevel — An adjustable Instrument used 
. for testing angles. Angles themselves 
arc also called bevels when they arc 
not sque/e. 

Blrdsmouth — An angle notched out 
of the end of a piece of timber to 
enable it to fit on to the angle of 
another piece. 

Bit*— Generally a boring tool for use 
in a brace, but the term Includes ail 
eutting tools not permanently at- 
tached to their handles. 

Block Planes — Small metal planes, 
; generally with the bevel of the 
Wting edge upwards and the iron 
. ' lying at a low angle. 

. Boieetlon Moulding — Moulding which 
iv'.. stands above a surface and. fits over 

Bolt~^]^lta for wood generally have 
nuts and rounded heads, and 
i a sqdare body , extending an Inch or 
; SO .from the head to prevent the bolt 
‘'■■ffOnii-.iariitti)?;'* • 


Bow Saw — .\l 80 called fruMe saw, or 
turniny saw. A narrow saw fitted 
in a frame which keeps it from 
bending. 

Box Tenon — A tenon soinctiines used 
on the ends of corner posts to lit 
the mortises of two rails which meet 
there at right or other angles. 

Brace -The appliance used for o]>cr- 
ating boring bits. Also the term 
used to signify a strut or bar of any 
kind for increasing the rigidity of a 
frame or other structure. 

Brad— A variety <if .small nail, less 
frequently used than formerly. 

Bradawl -- The. tool used for making 
very small Ih»Ich in wood. 

Breaking Joint— Arranging end grain 
joints in alternate positions, as in 
segmental work. 

Bridle Joint — A form of joint in 
which the end of t»no member Ilfs 
over a tongue eiit in the body of 
the other. 

Buckle ' A saw blade »nit of truth 
through being in an unequal state 
of tension is said to Im* haclUd. 

Buhl Work • Inlaying with other 
materials than wood. 

Bull-nose Plane— A small metal plane 
in which the portion of the sole in 
front of the iron is connected with 
the body of the plane by being 
arched over tlie mouth, and tin* 
shavings have to escape at either 
side. 

Butt Hinges — The cominoii type, of 
hinge with square edges intended 
for sinking into the surface of the 
wood. 

Butt Joint — A joint in which the two 
connected parts merely abut against 
each other. 


CALLIPERS— An instrument with ad- 
justable arms used cliiclly for 
measuring diameters of circular work 
where a rule cannot be used. 

Camber — Tlie amount of arcli gl\cn 
to a horizontal beam to counteract 
the elTect of sagging. 

Carcase — The main body of a struc- 
ture without its minor lit tings. 

Caul — The [lieco of metal or woimI used 
for maintaining <‘veii pressure on 
veneer until the glue has set. 

Centering, or Centre — 'I'he tempo- 
rary w'ood structure nccesHary for 
building brick, stone, or concrett' 
arches on. 

Centre-bit — A bit with a centrui ptiint 
which projects into the wood and 
assists in starting and kceiuiig the 
bit on the centre required. 

Chalk Line- A red of line cord used 
for marking straight chalk lines on 
surfaces. 

Chamfer — The bevellitig off of square 
corners. The term is applied both to 
the operation of chamfering and to 
the angle or chamfer itself. 

Chariot Plane - A small metal plane 
with wood wedge and deeper front 
than a block plane. 

Chase Mortise-- A mortise made long 
enough to permit the insertion of a 
member which cannot be put directly 
in from the front. The extra length 
is aherw nrda Ulled up. 

Check — Another name for a rebate 
or shoulder. 

Chisel — A long, narrow’, flat cutting 
tool sharpened at its end. 

Chuck — A lathe accessory for securing 
work to the mandrel. 

Circular Saw — A machine saw In the 
form of a clreular plate. 

Clamp, or Cramp— An appliance for 
holrnng parts togetlier by pressure. 
Also the act of clamping. 

Cleadlfig^TJmbering of a shaft, mine, 
or cylinder.. 


Cleat— A wood chimp which, in addi- 
tion to s(}ueezing together, keeps a 
surface from wrarping. The term Is 
also often used in the same sense as 
bat.Lm, but generally means a solid 
attachment to which some other part 
can be connected. 

Clinch, or Clench -The bending over 
of the protruding point of a nail. 

Coach Screw -.V large screw for wood 
provided with a square head .on 
which a spanner is used. 

Cofferdam — A watertight enclosure of 
piles and boarding under water. 
It is a temporary construction to 
facilitate the laying of foundations 
and su])ports for bridges and piers. 

Compasses — Instruments used for 
dividing and for describing circles 
and curves up to about 8 in. radius. 
They are of nictal, and generally 
provided with a wing and pinching 
screw. 

Compass Saw - A saw for cutting 
Hwcc])s. It resombjes a kcylude saw, 
except tliat it is larger, and has a 
handle of tlic tenon saw type. 

Cornice - The top horizontal moulding 
(tf any stnicliirc. 

Countersink -To sink the head of a 
screw (lush with or below the. surface. 
Also th(* name of a bit for enlarging 
Ihe bole for the purpose. 

Cramp — See Claynp. 

Cross-cut Saw -A saw intended for 
eutting aerosH grain. Unless other- 
wise specilled, a largo two-handled 
Haw is meant. 

Cup Chuck, or Bell Chuck — A lathe 
clinck bearing reseniblance to 

a enp or bell. Short lengths of wood 
are chucked by having an end <lrlvcn 
tightly into it. 

DEAL — The various kinds of pine arc 
(‘ommouly eallcd deal. Also, Ji-in, 
boards 0 or Ih in. wide. 

Dividers — Small compasses us«h1 
citlicr for dividing or for striking 
circh's. 

Dog — A staple usc<l for t-emporarily 
hblditig pieces of wood together, 
generally wliile glue is setting. 

Double Tenon — Two tenons running 
side by side in separate planes. 

Dovetail- A form of Interloeking Joint 
often employed when ends of w’ood 
meet at light angles. 

Dovetail Saw - A lino saw for cutting 
dovetails. 

Dowels - Hardwood pins used in 
edge Jdinfa and for numeroiis other 
purposes. 

Draw Bore Pin A metal pin used for 
drawing mortise and tenon joints 
together. 

Drawer Lock Chisel — A bent chisel 
for working in conflned situations^. 

Draw Knife - A large knife with a 
handle at each end. 

Dress -'I’o plane the surface of a pieee 
of wootl true is to dre.ss it. 

Dry Rot A disease of timber generally 
brought about by want of ventilation 
and dampness. 

ELEVATION— in a drawing, the front 
view of an object. If spocifted as 
iside elevation, end elevation, or 
sectional elevation, the points of 
view’ vary atM'ordingly, but they are 
always taken in a vertical piano with 
tile, object standing In Itfl normal 
])()Hition. 

End Grain— A face of a piece of w’Ofnl 
which exposes the ends of ihe fibres. 
Expansion Bit, or Extension Bit— A 
bit which can be adjusted to bore 
holes of different diameters. 

PACE MARK— A mark put on one 
face of a piece cl wood to indicate 
Its intends position, or that it has 
.been planed true. 



OIOTIONARY or CAftPftMTIlY 

Face Plate — The flat plate chuck of 
a lathe. 

Fanlleht — A aash over a door or 
window. 

Fence — The euide used on saw tables, 
jointing;, and other ina<!))ineH. 

Fillet — Plain hollowed moulding occu- 
pying interior angles. 

Fillister — A rebate plane provided 
with a Kulde. 

Finish — The cleaning up, smoothing, 
varnishing, and polishing operations 
that follow the actual construction 
of anything. 

Firmer Gouges and Chisels -Arc 
those used for ordinary work. In 
stoutness they come midway l)etwccn 
paring and mortise tools. 

Fished Joint —A butt joint held to- 
gether by ti8h-i>IatcH. 

Float — A flic with extremely coarse 
teeth cut on one face. 

Flush — Contiguous surfaces that are 
level with each other or on the sumo 
plane. 

Flutes-^A number of hollow fillets side 
by side, generally round a column. 

Fork Centre— The pronged chuck of a 
lathe. 

Fox Wedging — A stub mortise and 
tenon joint in which wedges are in- 
serted in the act of driving in. 

French Polish --.Shellac vairnish ap- 
plied with a rubber. 

Fret Saw — An extremely narrow 
saw with fine teeth used f(jr sawing 
ornamental designs in fliin wood. 


QAUQE— Used for marking lines on a 
surfai^e parallel with one of the cdg»'s. 

Getting Out— To get out w<)<id is to 
saw out and prepare ready for putt ing 
together the pieces rc(i Hired fora job. 

Gimlet — A small boring tool with 
screw point and a fraiisvcrsj? handle. 

Glasspaper — Paper coated with pow- 
dered glass or flint. Also called 
Sandpaper. 

Glue -An animal substance used to 
cement pieces of wood together. 

Glue Pot — The receptacle in which 
glue is melted for use. It consists 
of an inner pot for the glue and an 
outer one for water. 

Gouge — A gouge ditfers from a chisel 
in being curved in emss section 
- Instead of flat. 

Grain — The fibres of wood are collec- 
tively called the prain, and the direc- 
tion in which they run is called the 
direction of the grain. 

Grindstone — A revolving sUme for 
removing material from cutting 
tools preparatory to sharpening 
them on a stone of finer grain. 

Gullet — In large circular and some 
other saws there is some amount of 
space between the bases of the teetli, 
and this is known as the gullet. 


HALF LAP JOINT--A1SO AaJvcd joint, 
or lap Joint. A lap joint in which 
lalf the thickness of each piece is cut 
aw'ay so that the combined tbickness 
at the joint Is no more than that of 
each single piece. 

Half Rip Saw— A saw used for ripping, 
blit which has smaller teeth than a 
regular rip saw. 

Hand Saw — A saw intended primarily 
for cro88-cuttirig| but used for 
general purposes. It has smaller 
teeth than saws for ripping. 

Hand Screw — A wooden clamp con- 
sisting of two Jaws operated by two 
long screws with handles at their ends. 

Hardwood — The wood obtained from 
the broad-ioavod varieties of trees. 

Hatchet — See axe» 

HauTlched Tenon — A tenon reduced 
in width either for a portion or tlie 
vWn^.e ..of its length. Employed 
ijs an objection to cutting 
1 m^tise. 

ni -^A butt Joint between 

s of timber whose ends 

f op 4 Joist. 



Headstock — The part of a lathe 
carrying the mandrel which imparts 
rotary movement to the work. 
Herringbone Strutting — The short 
crossed stays between floor joists. 

Hinge — The means of attachment 
which permits doors and box covers 
to swing or fold. 

Holdfast — An appliance used for 
liolding work dowm on the bench. 

Holding Up— Being large enough to 
finish to required dimensions. 

Hollow Plane — A plane with rounded 
sole for planing hollow's. 

Hone— Also cihlone. A stone used 
for sharpening cutting tools. 

Housing - A structure whieh encloses 
something. A joint in which the end 
of one nieinl)er is enclosed in the other 
witlioiit being reduced to a tenon. 

INLAY — Ornamental designs of a 
material let into the surface of 
another material. 

Iron - The cutter of u plane or of any 
biol or machine in w'hieh it is tletaeh- 
uhle. 

JACK PLANE— The plane used for 
roughing down a surface approxi- 
mately true. 

Jointer — A small planing machine 
winch cannot be set to ]»lane to a 
thickness. Also a hand plane of 
greater length than the trying i)lane. 

Joists— The timbers on whieli flooring 
boards are laid. 

KERF — The cut or space a saw' makes 
in passing throiigli wood. 

Key— A term with several applications, 
hut its general mt'aaing is a small 
piece of wM)od inserted in joints to 
nohl them together or across grain 
to prevent curvature. 

Keyhole Saw — Also pad muK A 
small saw' suitable for cutting key- 
h<»les or curves. 

King Post — ^Tho main central post of 
a truss. 

Knot — A hard spot of timber due to 
a change in the fibres caused by a 
braiu'h of the tree springing from 
there. 

LAOS — Strips used for buihling up 
<’yiindrical bodies and boanliiig 
over ribs of centring. Also (•ailed 
lagging or stm'es. 

Lathe — Tlie inaehinc used for wood- 
turning. 

Ledged Door — A rough door formed 
of boards held together by battens 
<)r ledges. 

Level — An appliance used for testing 
the horizontal accuracy of surfaces. 
Also called a spirit- level. 

Lintel - The iieain which supports 
the brickwork or masonry over an 
opening in a wall. 

Lock Corners— A term applied chiefly 
to the corners of box(‘8 made by 
niaciiinery. They differ from dove- 
tails in being parallel. 

Long Tooth Gauge— A gauge used for 
marking lines on surfaces at a different 
level to the edge w'hich guides the 
stock. 

MALLET — A large-headed wood 
hammer used chiefly for driving 
cliiseU and gouges. 

Mansard Roof— A roof with two dif- 
ferent slopes. Also railed curb roof. 

Marking Out — Drawing either on a 
board or on the material itself the 
size and shape of anything that is 
to be made. Also called laying out 
or setting oxU. 

Matchboards — Boards with a groove 
in one edge and a tongue on the other, 
BO tliat a number of tiient will fit 
edge to edge. 

Mitre— An angle Joint between two 

} >ieees' meeting at right angles, as 
n picture-frames. 


Mitra Clamp— A clamp for holding 
mitre joints together tempoifarily. 

Mitre Dovetails — Secret doveta is cut 
in a mitre Joint. 

Mitre Shooting Board— A ehootlng 
board for planing mitres. 

Mitre Block — A tilock with saw cut 
or grooves to guide the saw' in cutting 
mitres. 

Mitre Box — A box open at the top 
and ends and having saw cuts in 
the sides to guide the saw in cutting 
pieces laid in the box. 

Mortise The slot or recess which 
receives a tenon. 

Mortise Chisel — A very stout form of 
chisel used for mortises. 

Mortise Gauge— A gauge with two 
marking points adjustable in relation 
to each other. 

Muntins Tlie vertical dividing bars 
in a window, door, or other frame. 

NEEDLES — Supports for scaffolding 
inserted in walls. 

Noodle Points — A kind of needle, with- 
out an eye used in cabinet w'ork in 
place of fine, nails. 

Newels The main posts which sup- 
}>ort the luiiulrnils of stairs. 

OQEE — A moulding consisting of a 
concave and convex sweep dying 
into each other. 

Oilstone The stone used for sharpen- 
ing tools. So called because It Is 
used w’ith oil on its surface. 

Ovolo A round moulding of about 
a quarter of a circle, but sometimes 
elliptic In form. 

PAD SAW— A narrow saw held by 
pinching screws in a slotted handle 
long enough to enclose the saw when 
not In use. Also called Xv/yAofe ««w;. 

Pair of Tenors— Tenons in line with 
ea<*h other. Not the same as 
double tenons. 

Panel - A sheet of thin wood used 
for tilling the open area in a frame. 

Panel Gauge--A gunge long enough to 
include about 18 in. or 2 ft. 

Panel Saw — A small type of hand saw 
used for light work on the bench. 

Paring Tools — Long, thin gouges and 
cliisels intended for paring without 
the use of a mallet. 

Parquetry -Flooring made by laying 
hardwood blocks in various geomet- 
rical patterns. 

Piles barge wood posts driven into 
the ground. 

Pincers A gripping tool for with- 
drawing nails. 

Pinned Joint X joint in which pins 
or pegs are driven through to ^sist 
in holding the parts together. 

Pitch — The inclination of a roof or 
stairway. It is known as high or 
lota pitcli according to the degree of 
slope. Also the height of an arch. 

Plan — A view looking down on top 
ot an object. 

Plane —.4 cutter carried in some form 
of block which compels it to cut a 
thin uniform shaving. 

Plane Iron — The cutter of a plane. 

Pliers — Narrow-Jawed pincers of 
various kinds employed for bending 
wire and for numerous other pur- 
poses. 

Plough — A plane for cutting the 
grooves for panels and tongued 
joints. 

Plumb— Being in line vertically. 

Plumb Bob^-A weighted string, some- 
tini(« in connection with a straight- 
edge, used for testing the vertical 
accuracy of work. Also Called a 
plumb line. 

Poppet— The adjustable back centre 
of a lathe. Abm called taOsloelc. 

Punch — A steel pin used In driving 
nails below the surface. 

Purlins— Members which uillte the 
trusses of roofs in IcNH^ttudJnai 
directions. 
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QUARTRRINCh-The bars or stripd 
produced by ripping deals into four 
pieces. 

Queen Tost — ^Distinguished from king 
post chiefly by not being in Uie 
central position iiiuior a roof. 

Quirk— T he narrow groove or furrow at 
the side of a bead. 


RAPTBRC— Tlie timbers to whidi tlie 
covering of a roof is attached. 

Rail — A horizontal bar. 

Raised Panel — A panel reduced 
in thickness at its edges. 

Rasp — A species of coarse file used fur 
wood. 

Ratchet Brace — A brace with an 
arrangement wliicli permits it t(» 
be worked in an arc of a circle and 
at the same time to turn the bit only 
in the forward direction. 

Rebate — Or rabbet — A shallow channel 
or wide groove or recess plain'd in a 
surface. 

Rebate Plane — A plane whose, sole 
is no wider than the iron. 

Rest — Tlie arrangement on whieh the 
tool rests in a lathe. 

Riffler — A small douhle-ended bent 
file or rasp. 

Rip Saw--A saw with large teetli, 
intended for cutting in the dlreetion 
of the grain. 

Round Nose— A chisel used for Hern])ing 
hollows in turned work in tlie lathe. 

Round Plane — The reverse of a hollow 
plam*. 

Router — A small nlaiie in which tlie 
iron may be set U) cut to a certain 
depth below the sole. It is used for 
clearing oul. small recesses to a 
definite depth. 

Rubber — The pieee of cork or w ood on 
whieh glasspapcr is generally w rappc<l 
when in use. 


8AQ— The sinking of the middle part 
of apieeeof tlniherwliicli is supported 
at its ends. 

Sandpaper — Sec glasspapcr. 

Sash— A frame in which panes of glass 
are fitted. 

Sash Bars— The dividing bars whi<’h 
separate panes of glass in a sasli. 

Sash Door — A door with glass in it.s 
upper part. 

Sash Plane — A plane (o suit the 
mouldings of sash bars. 

Saw Set — Any appliance used for set- 
ting or bending the teeth of saws 
sideways. 

Saw Stool — A low' lieavy trestle used 
for resting planks on when sawing. 

Scaffold— The temporary wood struc- 
ture necessary in erecting buiklings. 

ScantUngr — A term used to signify the 
^dth of a piece of timber. It also 
moans pieces of irregular width ami 
thickness. 

Scarf Joint — A lap joint used for 
joining two pieces of timber end to 
end to make one long piece. 

Scotia — A concave moulding which 
increasQS In radius in its lower part. 
Also called frocAtfus. 

Scraper — A small niece of slicct sioel 
Ufiea for scraping the surfaces of hard 
Wood smooth. 

jklrews — The threaded metal pins used 

i for holding woodwork together. Also 

; called wood screws or screw nails. 
Screwdriver — A t(K)l which fits the 
slots of screw heads, and is used for 
turning them. Also called a turn- 
strew. 

Sorewdriver Bit— A brace bit used for 
taming screws. 

Serlbel^^A steel instrument for in- 
scribing lines on wood. Also called 

. etHkHiff kfii/e. 

Seasoned Timber — Timber from 
which the sap has been dried out. 

SMtnenta^hort sweeps used for 
boiUltitg up circles or portions of 
circles. . 


Set — The set of a saw Is the amount 
to which the teeth are alternately 
bent to opposite sides. 

Set Square — A triangular square used 
for testing interior angles. 

Shake- -A longitudinal crack in timber. 

Shank — The portion of a tool which 
connects with the handle, or fits the 
8o<‘kct of a brace or machine. 

Shell Bit — A bit used for screw nolcs. 
Its body is a channel of crescent- 
shaped section, and is sharpened at 
the end. 

Shooting - Planing the edge of a piece 
of wood struigid. 

Shooting Board Aboard f<ir planing 
pii'ces of wut*'l on. 

Short Grain - Wlum tlie distance 
aeroHS the, grain is greater tliaii tlie 
longitudinal dimension, tlie grain 
may bo said t«) ho short. 

Shoulder --A step, or change of level 
in a surface, for another part, to bear 
against. 

Side Chisel— A chisel used at the latlie 
for parting, and niiiiierons other 
purposes. Als<.) called side tool or 
turning chisel. 

Single Iron — A plane iron used witli- 
oiit a hack iron. 

Skew- Anything set obliquely or at 
an angle to sometliing else. 1 n skew - 
mouthed planes, the c.uUing edge is 
out of square with the lM»d> of the 
plane. 

Skew Nailed — Nails driven in at an 
angle at the feet of posts, and in 
similar circumstances. Also called 
tot! nailed or tusk nailed. 

Slip — A small piece of oilstone used 
in the hand. 

Slip, or Slot Mortise -A mortise that 
is open at the end of the wood as well 
as going through from one face to 
the <ilher. 

Smoothing Plano— A short plane, used 
for smoothing siu'faees. 

Socket Chisels and Gouges— stout 
chisels and gouges formed into a 
socket at the shank end into whieh 
tlie wtMid handle is driven. 

Sole, or Sole Piece • -The piece of wood 
used as a base <m w'hich to rest the 
ends of posts or iqirights. 

Splice Joint A scarf joint. 

Spokeshave A tool consisting of a 
knife set in a body or guide, provided 
with a handle at each ciul. 

Sprigs -Small nails with very small 
head!<. 

Spring Dividers — Dividers wdiich 
spring open as the wing nut is run 
back, and keep t-o the largest exten- 
sion the position of th<‘ nut permits. 

Staple A piece of U-shaped iron, 
with ]Kjinted ends. A mociifteii form 
for holding joints is called a dog. 

Stile-- The vertical side [liecesof a door 
or other frame. 

Stop— The block or catch near the 
front end of a beiieh against which 
the wood nrcHses when being jilain d. 
Also the shoulder which stops a door 
or drawer. 

Stop Chamfer — A chamfer which 
finishes short of the extreme point 
it could be carried to. 

Stopping - Any plastic material used 
for filling small liok's in onler to make 
ail unbroken surface. 

Straightedge— A long piece of wood or 
other material with a jK'rfectly 
straight edge, used for testing tlie 
accuracy of flat siirfaiies. 

Strap — A bar of iron of rectangular 
section used for binding tinibcrs 
together at their joints. 

Strut— -A stay, brace, bar, or suptH»rt 
ill compression in a diagonal position. 

Stub Tenon-— 'A short tenon which does 
not go through ttie part Into which 
It fits. 

Studs, or Studding - The vertical 
bars in lath and plaster partitions. 
Stuff.— A common shop term for 
timW. 


Stump Tenon — A tenon made thick for 
a short distance from its root and 
thill the remainder of its length. The 
term is also used for stub tenon. 

Sweep — The term is applicable to 
almtist all curved portions of work, 
or pieces of wood, wiien the radius 
is not very small. 

TANG — The. pointed shank of a tool 
which is driven into the wood handle. 

Templet, or Template — A pattern, 
generally in the form of a thin sheet 
of iiiiiterial, from wliich tiie, shape 
of the .'ictunl work is marked or tested. 

Tenon - Tlie shouldered down end of a 
jMcee of wood w'hieh fits into the 
mortise or socket of anollier piece. 

Thumb Plane — A very small plane of 
the smoothing plane type. 

Toe Jfiailed— Hoc skew liailed. 

Tonguo-^-A projecting ridge which tits 
into a groove in an adjoining piece. 

Toothing Plane — A piano with a ser- 
rated iron, used in prei>aring surfaces 
for veiu*er. 

Torus A large bead with a fillet. 

Trammels -All instrument for mark- 
ing circles and eiirves of larger radius 
Mian ordinary eoiiijiasses. 

Trestles -l>igbf supports consisting of 
fitiir spreading b'gs ami a narrow top, 
used for resting planks or w'(»rk on. 

Trimmer A sliearing machino for 
wood. Also a beam supporting the 
emls i>f joists. 

Trochilus— See scotUt. 

True — Surfaces that arc straight, 
level, or aceiirately formed to the 
shape required, or square, or con- 
centric with each other, are said to 
be true. Wlieu not so, they are out 
of truth. 

Truss -'J’lie sfifb'ning of a horizontal 
beam by braces, which convert it 
into a rigid angular frame. 

Trying Plane -A large plane which 
generally follows the jack plane for 
finishing and making surfaces true. 

Try Square — An ordinary square. 
eonsTsting of a sto(*k uml blade, used 
for testing the acmiracy <tf w’ork. 

Turning Chisel See side rhisel. 

Turnscrew See streu'drii'er. 

Tusk Nailed— Sec sketo nailed. 

Tusk Tenon- A tenon with a stump 
or tusk at the root. 

Twist Bit - A l>it witli a spiral body. 

UNDERCUT - A shoulder or similar 
part whicii overhangs, or has more 
cut away from its base than from its 
upper part. 

VARNISH— A resin or gum dissolved 
in a suitable liquid. 

Veneer — Very tliin fancy wood glued 
on to the surface of an article con- 
structed of clieaiier wood. 

Veneering Hammer — A hammer 
willi a very wdde edge, used squeegee 
fasiiion on veneer, instea<l of using 
cauls. 

Vice, or Vise — -An appliance attached 
to Mic bench and used for gripping. 

WARPING — The twisting or springing 
of wood caused by unequal shrinkage. 
The term generally iiicans an actual 
twist or wind, luit soiriotlmcs is used 
when only curvature is meant. 

Whet — To sharpen a tool on a hone. 

Winding- — The twist, or cast, or wind 
tliat sometimes develops in large 
jiieces f)f wood. 

Winding Strips — Parallel strips used 
for detecting tlie amount of twist in 
the surface of long pieces of wood. 

Winfir Compasses — Compasses with 
an arm ana pinching screw for bolding 
the legs at a Axed distance apart. 

Wire Nails— Nails made with parallel 
bodies in great variety, and now the 
most commonly used kind of nail. 
Wood Screw The kind of screw 
commonly used for woodwork. 
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THE MODERN BAKERY 

Commercial Breadmakingf. Names and Varieties of Loaves. 
Yeast Foods. Milk and Brown Bread. Modern Machinery 


By JOHN KIRKLAND 


a commercial scale the method of nuikiiig 
bread is very little different from that 
already de.scTibed. A slight saving can be 
effected in the quantity of yeast u.sed. The 
proportion given for the small quantity i.s lb. 
per sack (280 lb), of flour, b»it for a dough con- 
sisting of a whole sack, to stand three hours 
from time of making to time of scaling, not more 
than IJ lb. of yeast would be needed. The 
l)roportion of salt used would bo about the 
same (3J lb. per sack), and the same proportion 
of sugar would not be harmful (l^ lb. per sack). 
If it were intended to make tin bread only of 
the large batch, then it would require about 15 
gallons of water for 280 lb. of flour; but if 
cottage and other crusty shapes were wanted, 
then 14 gallons would be sutticicmt. 

Fermentation. With largo quantities of 
dough, it is not easy to regulate the conditions as 
to temperature under which the dough is fer- 
menting, hut the influence of mass prevents the 
large batch of dough from cooling so quickly 
as the smfill dough, while the fermenting action of 
the yeast within the dough actually generates 
considerable heat, which the large mass holds, 
but the small mass allow's to escapes The tem- 
perature of the water for a sack of flour, there- 
fore, should be less than for a small quantity; 
for the former 100'' F. would be hot enough. 
The reason a smalh'r proportion of yeast can be 
used for the larger dough is also duo to th»^ 
influence of mass, whicli seems to make the 
yeast activity more intense and inori* steady. 
When the large dough is made, as de.scribcd above, 
it is allowed to lie, in the trough for fibout 
2J hours, and, if it has been made by hand, it is 
then cut into pieces, and each piece w^ell kneaded 
and laid in the opposite end of the trough from 
that it originally occupied, the Avhole of the piece.s 
being piled on top of each other until the whole 
mass has thus b(^n turned over and thoroughly 
kneaded, 'ffhe purpose of this operation i.s to 
bring the yeast and yeast -food in the dough into 
closer contact with each other, the effect being 
to greatly increa.se tlie fermenting activity of the 
yeast. After this the dough is alloAved to lie 
for another hour, when it is throwm out on the 
table and weighed into piece.s of 2 lb. 2 oz. or 
2 lb. 8 oz., which i.s the quantity required to 
produce the ordinary 2 lb. loaf. 

Purpose of ^'Handing Up/’ Whether 
the loaves are to be tin loaves or crusty, it is 
usual to roll, or, as it is called in the bakehouse, 
“ hand up,*’ round, and place on the board or 
in bo:^es for some time before finally moulding 
int^d^ proper shape. The purpose of this 
preliminary operation is really to make it easier 
tor l^ker to get something like uniformity 


of shape in his loaves at the finish, and to increase 
the speed at which the last operation can bo 
performed, so that the first part of the batch 
does not stand very much longer after moulding, 
ami before it enters the oven, than the last 
l>art. 

•• Proving ” and Setting." In some 
bakeries the praotieo is to start “ setting ” 
the loaves in the oven — if crusty ones — almost 
as soon as they are moulded, but bulkier and 
plumper loaves are obtiiined if they he allowefl 
to lie some time to “ prove ” before being “ set.” 
If the loave.s bo of “ tin ” variety, they, of course, 
mu.st be proved, if any bulk is desired. With 
this sort of bread the fault is too often that it 
is overprov(‘d, resulting in an open texture, 
crumbline.ss, and loss of flavour. 

The oven for crusty bread should be about 
450'"' F., and the time occupied in baking a 
batch shoulfl bo from 40 to 45 minutes. TIk^ 
.same temperature will suit for tin broad, for if 
it be too cold the loaves become overlargo and 
crumbly. The Avhole process of baking a sack 
batch of brood, with this quantity of yeast and 
under the condition.s slatcxl, will occupy from 5.J^ 
to 6 hours from the time the dough is made till 
the bread is drawn from the oven. 

Names of Loaves. In the ordinary 
baker’s busin(\s.s customers require bread of all 
sorts and .sliapcs, such as “cottages,” “Coburgs,” 
“ bricks,’ “small tops,” “sister bricks,” “pan 
cottages,” “ long loaves,” “ tins ” [6] of various 
shapes, “ twists,” “ collars,” etc'. “ Cottages ” 
[1] are all crusty, and are made in Uvo pieces, 
the top part being slightly sniveller than the 
bottom. “ Small tops ” [4] are nearly the same 
shape as ordinary cottages, only as a rule they 
are moulded in flour or cones to make them 
w'hite, the top is very small as compared with 
the; bottom, and the “ closings ” of the bottom 
part arc? turned upward so that they may open 
out and show small cracks while baking in the 
oven. “ Coburgs” [2] are round, with two deep 
cuts in forui of cross, so that they open out, and 
are ultimately of a crown shape, Avith four points. 

The lotiA’^es called “ bricks” [3] are moulded in 
two parts like cottages, only, instead of being 
round, the pieces are in two rolls, the top one 
much smalh’r than the bottom. “ Sister bricks” 
are those Avhieh are set in the oven in pairs, so 
that one side of each loaf is crumby, the other 
akle being crusty. “ Pan cottages ” are simply 
ordinary cottages, baked in round pans about 
1 J in. deep, instead of being baked on the bottom 
of the oven. 

“ Household ” loaves are moulded in two parts 
like cottages, except that both parts are the 
same size, or the top part slightly larger than 





the bottom, and they are packed close together 
in the oven, so that there is crust on top and 
bottom only, the sides being square and all 
crumby. This type of loaf has gone nearly out 
of use in England, but is still tlio common loaf 
in Ireland, whore, however, the practice within 
recent years has been to mould each loaf in a 
single piece, depending on their closeness to 
each other in the proving boxes and in the oven 
to give them the squar<‘ sha])c rc(piired. “ Scotch 
loaves ” belong also to this cruml)y variety, Avitli 
crust only top and bottom ; tlu*y an^ not square. 
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plain flat loaf of an elliptical shape, but pointed 
at the ends, and w’ith a narrow plait stretched 
lengthways along the top. 

Local Names of Loaves. The names 
given above are those generally acet ptod for the 
different sliaix^s of hn‘a(l, hut some of t he shapes 
described have local name's. Thus, those ealUid 
“Oohurgs” arc in the West of F.nglaiid called 
“cakes,’' while' in the' South of Ire lanel the same^ 
sh ape -s are e*n He'd “skulls.” "I’he same loe*al varia- 
tions occur with regard to nearly all olhe'r shape's. 
lIuTc is no fixed rule as to the le'ngth of time 
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1. Cottafto 

2. Celnirtf 

3. 




4. Small Top ■ 



7. Scotch Titi 
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but oblong [7]. Tlie standard shape of this sort 
is about 8 in. long, 6 in. to 7 in. high, and in. 
broad. The loaves are moulde^d in one piece 
and are in rolls when finished, but, being 
packed close together, the sides and ends become 
flat. The smooth and glossy appearance of the 
crumby part of this sort of bread is secured by 
greasing the sides and ends of each loaf before it is 
‘ set** in the oven. 

The terms “twist” and “collar” TS] arc used 
respectively to designate loaves made in the 
phape of a plait pointed at both ends, and of a 


dough requin'S to be fermc'Uted, only ihaf. hard, 
strong flours re(piire mon* f('rmenting than soft 
oru's. The timti required to make br»‘ad is, othtT 
thing.s equal, dc'termined by the amount of yeast 
used. Thu.s, if the dough has to lit' in the trough 
overnight, say, for 10 hours until weighcAl into 
loaves, then only 10 oz. of yeast would bo used. 
About ‘I oz. of yeast more would be allowed for 
(‘adi hour less the dough had to lie, except that, if 
it were wanted in, say, tw'o hours, then as much 
as 2h to 2} lb. would l)e needed to get the dough 
pro}K*rly “matured” and “clear.” 
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Temperature of Dough. Heat in- 
creanscs the spetNi of fermentation and (told re- 
ducers it ; but it is better t.o depend more on (iiian- 
tity of yeast than on temperature to alter the 
speed, increiising the quantity to accelerate it, 
and reducing the quantity if tlie dough has to 
lie a long time, keeping the temperature of the 
douifh nearly always alike — ior small lots al)out 
82" F., for large lots from 78’ K. to 80" F., and 
for larg(5 lota, to stand a Inmj tirn^y from 76" F. 
to 78" F. AlUiough nothing c^lse is needed hut 
the natural sugar of flour to products fermenta- 
tion, it has iMjcorae a common praetie(\ 
since the use of potatoes in bread has been 
abandoned, to use so-called 
“ yeast-foods ” in varying 
proportions in their stead. 

Potatoes in Bread. 

Potiitoes are in disuse be- 
cause they were trouble- 
some to prepan', diflicult 
to procure always good, 
and in other ways unjiro- 
fi table. Then, as they werti 
used as an aid to fermenta- 
tion of the slow-working 
brewers’ yeast and honu^- 
made banns, the quick- 
working distillers’ yeast 
now used does not require 
such assistance, nor does it 
require to be woi'ked on 
the old-fashioned three- 
stage sy.stein of “ ferment,” 

” sponge,” and “ dough,” 
which was associated with 
barms and potatoes ; hence 
potatoes are now very little 
Msed by bakers, although 
some still consider it 
imposi^ible to make such 
moist bread without them. 

were used in 
of from 10 lb. 


to 14 lb. per saok of ftotir, 
bat the yeast -foods now 
adopted in place of potatoes 
are used in quantities of 1 lb., 
2 Ih., OF more, according to 
kind. Those yeast foods may 
consist of ordinary sugar, 
which gives the bre^ a rkh 
bloom and quickens the fer- 
mentation process, or of malt 
flour or malt extracts, which, 
in addition to producing a 
“ bloom ” on crust, are also 
supposed to keep broad moist 
and to improve the flavour. 
There are several preparations 
of gelatinised starch on the 
market, used principally for 
increasing the yield of bread 
by causing it to absorb more? 
water at dough making. Thest^ 
substances are also supposed 
to keep bread moister. 

Malt flours are used in the 
proportion of I lb. to 1 k lb. pt‘r sack of flour ; 
malt extracts from J lb. to 1 lb. per sack ; sugar 
from lib. to 2 lb., and the various preparations of 
st‘ir(‘li from 2 lb. to 10 lb. per .sack (2801b.). In 
addition, there are several patent mixtures used. 

MilK and Vienna Bread. The greatest 
improvement that can be effected in bread is by 
the half or total use of milk in place of water in 
making dough. This gives it a tine crust, an even 
texim'c, a rich (jolour, and a sweet flavour ; but 
all those qualities can only bo secured if care bo 
taken not to g»jt dough over-ripe. To make 
milk bread use the following: 14 lb. flour, 
4.V oi. yea.st, 2.\ oz. salt, 3 oz. sugar, 3 quarts new 
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milk, or IJ quarts milk and c - . 

1} quarts water. Proceed in 

exactly the same way as already 

described for plain bread, but 

dough should not stand more iMMkJHHH 

than two hours until it is -i ■ i-Vl 

weighed into pieces. This may j ^ 

be made into loaves [9], prefer- 

ably about 1 lb. each, or into 

“ Vienna ” rolls [S]. 

Glazing. Loaves may be 
baked crusty, or in tins, a 
superior appearance being ob- I MIK 
tained by Avasbing them over 
either with egg mixed with a 
little milk or Avith a pastil mndi^ 
by scalding 1 oz. of eornllour 
with 1 pint of boiling \vat(‘i*. To 
obtain a glaze Avith the latl,(‘r it is 

neoe^ssary to Avash the rolls or ' ■ 

loaves with it before they are phiec'd in the 
oven, then they have to be drawn out- before they 
have finished baking, washed over again, and 
retumtid to the oven. The best glaze, boAvever, 
and the sweetest crust is obtained Avb(*n the 
loaves or rolls arc baked in an oven of Avhic^h the 
atmosphere is supersaturated with steam from a 
boiler and which has a sloping bottom to hold it. 

Recipe for Rrown Bread. As many 
people prefer broAvn bread to white, the folloAving 
method may bo succo-ssfully used : 8 lb. Avholo 
meal — or, if that lx* v(‘ry eoanse, then (> lb. 
wholemeal and 2 lb. fine flour— 2 oz. salt, 3 oz. 
yeast, 2 oz. sugar, and 2 quarts Avater at 1 0(>^ F. 
Make all into a smooth dough in the manner 
already described, and k('('p in a Avarm place for 
40 minutes. Weigh them into piee(‘s of 1 lb. 
each, and mould into tins. Allow lhc\se loav(*s 
to prove in a Avarm place for 3.1 to 40 minutes, 
then bake in an oven about 420'* F. for 40 
minutes. This bread Avill bc^ found very 
palatable, and should have the natural svveetne.s.s 
of the wheat still in it. 

There are many varieties of “patent” brown 
broads on the market, several being mixtures of 
Avheat germ an<l flour or mfdt extnict as their 
speciality. Some d(^pend on malted Avheat 
and on other grains. Those containing a large, 
quantity of malted meal require to be baked 
in a very cold oven. They aequin* a thick but 
very SAveet crust and moist interior. 

Machinery in BreadmaKing. Within 
the last few years very great advance has lK*en 
made in the adaptation of machinery for brea<I- 
making. The small bakers are now installing 
dough -kneading and mixing machines [10], Avhile 
the Targe firms who have used kneaders for many 
years are noAv adoj)ting dough-dividers [llj and 
loaf moulders, and draw-plate ovens [12]. By iho 
use of a full plant such as that ju-st enumerated, 
it is possible to reduce the cost of labour in 
the bakery by at least onc-ihird, and in some 
of the larger places by a greater proportion. 
Bakery engineers are surmounting one difficulty 
after another, and tho time seems measurably 
near when the whole process of baking bread will 
be conducted with automatic machinery. 







12, FLOIJH-BLKNDTNC^ AND SlKTINfJ MAOIfINR 
IN POSITION OVKK KNRADINO MACHINE 
(J. I laker & SoiiH, Ltd., Wille'tclon) 

A Revolution in Ovens. The old type 
of oven in which coal was burned, and which 
required each loaf to be set in separately with 
a long peel, is ra])idly giving place to draw-plat/C 
ovens heated with steam pipers, and in which the 
whohi batch of bread is set ” or withdrawn 
at one operation. The steam pipes consist of 
long tubes — an oven may contain from 70 to 0t> 
of tiie.se — (xich one-tliird full of watid’, but sealed 
at both ends, so that the water or steam never 
escapees. 'Hiey then'fore supply no naked steam 
in the ovxn, hut haki^ tlu^ bnxid with tho same 
kind of dry, radiant heat as other sorts of ovens. 
But tho use of the draw-plate, to which aubi- 
matio flll(5rs are now being adapted, makes thoso- 
ovens great, labour-saving appliances, while the 
use of producer gas as the heating agent is 
likely to ensure further economics in the cost 
of manufacture. This type of oven bids 
fair to become tlic universal type of tho 
future. 


Breadmaking concluded 
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The Seven Intervals. Chords. The Pedals. Ear Training’ 


By ALGERNON ROSE 


IT is the dropping of water which wears away 
* fltonc. To iicciistom thi* fingers, little by 
little, and gradually, in a way perhaps impercep- 
tible, to do their work with the k'ast possible 
ann or wrist motion, the student, day by day, 
should practise Exercise 1, ascending the scale 
ono note at a time. After comph'ting each group 
of four notes, use special cari' to get the fingers 
rea<ly for the fifth note. Try the right hand 
first. Keep the first and seeond lingers down. 
Then try the left hand. 

Reversing the Order, Mindful that 
the endeavour must be to prevent and restrain 
the fing(Ts from falling into errors which a good 
master would check, the self- trainer cannot he 
too heedful in prei^aring iht) first linger while 
the thumb strikes the first nof(‘ ; th<* second 
ting('r when the first tingcT strikes ; the third, 
when the seeond produces the sound ; the thumb, 
when the third ting<‘r strikes, and so on. Try 
Exercise 2 with both hands, keeping tlu‘ thumbs 
well up. 

Now attempt th<‘ scale, playing two instead 
of four notes at a time. If<‘re a fredi ditlieiilty 
presents itself. The beginner uill find fh«‘ 
manipulation of four successive strings easier 
than striking two and two evenly, whil<* keeping 
the thumbs up clos<* to th<* right string, at fh<* 
same time tliat the third and second, and 
afterwards k^m'oikI and first, prepare theinwhes 
to striki'. The .strings must be struck with botli 
hands simultaneously. Avoid the rat-rif elTect 
of a postman's 
knock [Ex. 3). 

Hitherto the 
hand has betm 
preserved in one 
I>osition. This 
has now to lie 
changed. Take, 
for instance, tho 
scale of C. 

As before, play 
(^, D, E with the 
Uiird, second, 
and first fingers. 

Strike tho 
fourth note, F, 
with the thumb ; 
at tht) same time, 
however, pass 
tho third finger 
under — below the thumb — to the fifth note, Q. 
Get the second finger into position for tlio A 
while tho G is struck. When the second strikes 
th© A, prepare the first for the B. Get the thumb 
tor 0 when tho first strikes the B. In this 
rnam^er 't^o successive eight notes a«re played 
a3fi6 


without interruption or break in the middle 
pari. In changing the* position of the hand, take 
care to bring the third linger down low enough 
to enable the second and first to get into their 
right places without undue effort. Bear in 
mind that, during tliis change of position, 
movement of the wrist or arm must be guarded 
against . The left-hand fingering must be carried 
out in the same way an octavo lower down tho 
seah‘. IVaetisi' each liantl separately. Try 
to strike tlu» strings with equal clearness and 
strength. When independent facility has been 
acquired, practise tho ascending scale with 
both hands together in the manner shown in 
Exercise 4. 

Tn descending the scale, prepare the first finger 
for B, bt'ginning with the thumb on the upper V. 
As th(‘ Hist linger strikes, get the second into 
position for A. Sound tlie A whilst the third 
get s ready for ( 1. Now, as t he t bird linger strikes, 
pass thf thumb not under, but over it, so that 
it dro))s on F. Wlu*n the thumb sounds F, 
the. first finger gotN on E. As E is played tho 
seeond Hngi'r is ]m“j)ared for D. The third 
Hnger gets into position on tho C as the D is 
stiuelv. Uniform legulanty of effect must bo 
simed at. If the student takes pains at tho 
beginning, this douhle-aetion of fingering, or 
silent preparation eoneurrently with the pro- 
diudion of sound, will he done instinctively. 
In c‘\<Ty resjieet the motions for the left hand 
ar(‘ eollaterr.l with those of the right. Exercise 

eaeli hand sepa- 
rately. Then 
descend tlie 
scale in simul- 
taneous octav(‘S 
[Ex. 6]. 

Mastering 
the Gamut. 
It is only by 
constant repeti- 
tion and con- 
centration of 
purpose that 
the student can 
count upon 
playing up and 
down the scale 
so that the 
notes flow 
evenly with pro 
gressive velocity. The advance made may ofti'n 
appear imperceptible, but can be tested by 
^ing back to the first exercise. Always bear 
in mind that harp pla 3 dng is an acoomplisli- 
ment. Tho ability to induce the fingers to 
strike the strings freely will surely come with 


Ex. 1. [Same Hng(*riiig hot It haiidh] 
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practice. An hour’rt exorcise every day will 
acliiovo wonders. But it must bo rt^gular 
practice. The student must dctcMinine not 
merely to twang the strings like an uncultured 
street player. Ho must endeavour, rather, to 
attain to an elegant manner of p(‘rformano(*, so 
that, later on, his har})ing may appeal to musicians 
of refinement and win for him a ])osition in an 
orchestra or on the concert ])latform. But, be- 
cause unablo to have the li(*lp of a qualified 
professor, he must em[)loy t‘xtra pains to sur- 
mount the prclimirniry drudgery which every 
harpist experienees ladon^ excelling. 0(;ular 
and oral demonstration may he a good thing, 
yet it is not always a necessity. Too much of it 
may enfeeble. Sooner or later self-help always 
becomes essential for the musician. If he is to 
rise above his fellows, ho must rely on his own 
ability. 

Exercise 6 gives the scale, alternately up and 
down. Attack each note slowly at first, and 
increase the speed gradually. Practise with a 
metronome. Before long there wull bo no need 
to think about each auxiliary finger movement. 
Unconsciously to the player, the fingers will 
prepare themselves. 

Increasing the Range. Having within 
the compass of one octavo made fair prognvss in 
ascending and descending the sirale, the next 
task to deal with is to acquin* facility in running 
up and down two consecutive octaves. Tlio 
effect should be to play as smoothly as possiVilo. 
Therefore, do not hurry over the exercise, and 
particularly avoid striking the strings in a spas- 
modic manner. Three changes of position must 
now be mastered. Beginning at the fourth red C 
string from the treble end of the harp, the third 
finger of the right hand, as before, plays the note 
while the second prepares itself for D. After this. 


when the 1) is struck, the first makers ready for E. 
When the E is sounded the thumb adjusts itself 
for F. It is here that the first I'hango occurs, 
ill the third fing(‘r ])a.ssing under for G. But this 
has been l(‘ariit already. As tlu^ G is struck, the 
second finger pn^lisposes if, self for A. As the A 
is struck, the first finger pnqiares itself for B. 
Now, on the B being sountlod, the thumb g(?ta 
into position for the si^eond ebange. According 
to the ])laycr’s hand, thc^ lingering at this point 
may (lilT(*r. Boidisa taught that the third 
fingc'i* (followed by the second, first, and thumb) 
should again be brought under, as after the first 
change. 

Gliatterton, liowi^vtT, in the lingering of a 
s(;ale which is before us, recommends, in prefer- 
ence. that the second finger should be brought 
under for D, wliilii tlu^ thumb strikes the 0. 
Then, as the second strikt's tlu^ 1), the first is pre- 
pared for E, As the E is sounihid, the thumb is 
got ready for F. When F is struck, the third is 
prepared for (i. Therefore, according to the 
fingering employed, tlu^ third change occurs 
cither hetwa^ien G and A (Bochsa) or F and G 
(Chatterton), the second, first, and thumb being 
u.sed for the top A, B, and C. But the 
fingering adopted for one hand must ho adhered 
to in tlie other. 1’hi; rule is, when going up tho 
scale, that tlic linger changes are done under the 
thumb, whilst, in returning down the scale, they 
are made over the thumb. In the same way that 
the single octave was practised until it bcciamo 
cjusy and familiar, the student should now repeat 
the scale throughout a range of two octaves. 
Persevere with it from day to day until it ripples 
up and down without effort, and increases or 
diminishes in tone from pp to //. 

It is easy to twang a scale badly and unevenly ; 
to play it smoothly and well is difficult ; to play 
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it “ perfectly*’ is impossihle. That is 'why the 
oldest as 'well os tlio youngest students should 
strive to train their fingers hy diligent repetition 
of this exercise, hoping to arrive at a degree? of 
excellence hitherto unaltained. ‘‘ Transcciuh-n- 
tal technique,” how(*ver, is only ap})roached by 
the harpist imlising his own faults and then 
striving to overcome them T1 k‘ studtmt sliouhl 
always have in his mind the highest khsils 
This will Ixi a great stimulus to him in his 
endeavours to conquer the digital troubles he 
may at first find in the range, of note's given 
in Kx. 7. 

Consecutive Eight - note Phrases. 

Having obtained comparative protieieney in the 
two-octave scale, alter playing (sglit nt)t4*s, gi) 
back six, J^egiu again on the third not<*. I’his 
will give exercise for pn'paring the third fingt'i* 
to find ih(‘ E Ik'Iow quickly and accurately whiU* 
the thumb strikes the (* abovt*. After starting 
afresh on the E, when the thumb arrives at the 
octave E above let the third linger in the sanu* 
way prepare itself to fall unerringly on the (i 
below. A fresh group of eight note^ is then 
played up to the CH [Ex. 8J. 

Reverso the operation in desc'cndiiig. Begin- 
ning from the txip (J, when the third finger 
arrives on the G Mow bring the thumb over 
to E, the third note from the top of tlu' 
scale. Play the octave downw'ards. Whem 
the third finger arrives on the E pass thi* 
thumb over and back to the C above*. Tlion 
play down the octave till the third linger arriv(‘s 
at the starting-point. Without the praetieal 
<‘xample of a master, the student must give 
particular care that thci’e is no unevenness 
during tlie changes of position. With a tt'acher 
to observe and listen to, progress is mainly due 

Ex. to. 


to the faculty of 
imitation. To 
such an extent is 
this carried that 
objectionable 
mannerisms, 
oharacteristio of 
certain otherwise 
great players, are 
emphasised and 
made doubly lu- 
dicrous in pupils. 
Fortumitely for 
the student, every 
genuine lover of 
music has, born 
in his brain, a 
consummate con- 
ception, or mental 
model, to which, 
if ho is conscientious, ho will strive to attain. 
Thife summit of ambition, which beckons on those 
who strive, was called by Napoleon his lucky 
star. L('t the sliident steadfastly endeavour to 
Ih‘ worthy of his lucky star. [Ex. 9.] 

The Seven Intervals. The student 
should now leani to play the seven intervals 
of an (xiave. Practise* first with the right, 
then with the left hand, and then with both 
hands iog(‘thc‘r. Beginning with middle C, 
when the first finger strikes the string the 
thumb should ho in its place for sounding the 
1). As the I) is struck the first finger prepares 
itself to sound again the (\ On this note being 
repeat(*d the thumb plaei’s itself in readiness for 
E. As th(‘ K is si ruck the first finger again goes 
back to tb(‘ (*. Wh(‘n the (* is sounded for the 
third time the thumb places itself in readiness 
for E. Thi*st‘ six notes should be played smoothly, 
as if they ^^ere slurieil. I’hey eorri prise 
inU*rvals of a s(‘eond, third, and fourth. The 
player jaoeeeds now to sound intervals of a fifth 
ami sixth. l.i<*t the seeond finger strike the V. 
At the sam<‘ timi^ prc|>are the thumb for the G 
above. When the (f is struck pass back the 
sec'ond finger in r(‘adiness to repeat the C. As 
this string is struck get the thumb into position 
to sound the A. Tluvse four notes must be 
played smootlily. Advance to t he intervals of the 
seventh and octave. The third finger now strikes 
the bottom (\ As it does so place the thumb in 
readiness to sound thi' B above. When the B is 
struck prepare the third finger to re])eat the C. 
As tlie C soumls a second time adjust the thumb 
for the fietave C above. These notes, if read 
backwards, give tlie same passage descending. 
For this, prepare the fingers carefully in tlu* 
reverse order {Ex. 10]. 



Ex. 11 . 
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Two Notes with Each Hand. Hither- 
to the student has confined his attention 
to striking the strings in succession with each 
hand. This is peculiarly characteristic of that 
instrument which has given to music the 
term “ arpeggio.” In English it means “ in 
the stylo of a liarp,” and denotes a i-oqucrico of 
sounds which, together, form a (^hoid. 

A cliord, then, is produced by soiukIs played 
simultaneously. On the bar)) it is (‘«i.sior t(» 
strike strings singly with each han<l than to 
strike two or more of them together. But 
when 11)0 performer has mastered the playing of 
chords, tho effect of his instrum(‘nt is considci ahly 
enhanced. Now, the beauty of chord playing 
depends on the recoil, or (plasticity, of tho lingtprs 
independently of tho wrist and arm ; then'fore, 
keep tho hand perfectly steady. Let t he t luimb, 
after (wery note, return to its perpendicular 
position. Take special pains with the lifft hand. 
Unlike the right, it has no support from the 
body of the instrument. Using the last exercise 
as a groundwork for the next, instead of playing 
tho notes singly, couple each pair togfithtM*. 
Endeavour to play tho intervals equally, both 
as regards strength and spcpcd. Sound them 

Ex. 12. 



slowly and softly at first. By degrees, increas(5 
the force and celerity of performance [Ex. 11]. 

The Full Chord. Tho stiuhuit will now 
attempt to acquire the ability to stnk(p four 
notes in combination, i’laee the tlireip tingtPis 
and the thumb on tho strings together. l*ut 
the third on tho bottom (!, the second on tho E 
above, tho first on the (1, and tlup tliumb on tho 
octavo C. Round tho fing(prs gracefully. Kcpop 
the thumb well up, and n’st. Ok? arm on ilup 
soundboard just abov^o tho wrist-joint.. Having 
thus prepared the chord, strike the strings by 
causing tho fingers to spring elastically towards 


Ex. 13. 



the palm of tho hand. Immediately tho thumb 
falls, it must g(‘t. back to tho cnpct position. 
Although, after striking, lljc' fingers and thumb 
quit tlie .strings, neither 1h(» band nor wrist must 
move. 

A point to note is this. Although the sounds 
in a chord on the harp are suppos(‘d to bo pro- 
duced simultanoously, they ar(^ a(d/ually struck 
in (|uick succession from t he lowc.st to tho highi'st 
not(\ This is inon^ efft^ctivo than firing them 
off together. Why ? Because tlu^ higher tlio 
noU^ tho quicker and shorter is the vibration 
of tho string. If, therefore, the shortest strings 
are strm^k last, the chord dies away equally. 
Ik? careful to strike tho strings with the sidw of 
tin* fingers. Vibration is marred if the nails 
touch tho strings. Owing to lack ol support 
from tho soundboard, tho left lia-nd will require 
to be i*.\(?rciHed with extra (’«r(?. Its mov(‘m(?n1s 
should Is? id(‘ntical with those of the riglit. 
CVinfino the motions to the ling(*rs, and k(‘(‘p the 
arms stcjady jEx. 12]. t. 

A valuable? (?xercis(* is to play the eliord not(‘s 
successively. K('cp the hand in the? same po.sil ion 
as when striking a chord, and .sound tfie? notes 
slowly and e()ns('(?uliv(?ly. Aft(*r the fourth is 
struck, S('<? that the thumb is kept w(‘ll u]) in its 
proper pla(;e. The* natural tondf?ney is for it to 
sink. This propensity must be overcome. It 
is a bad habit easily contract(*d [Ex. 13]. 

The Pedals. On the harp, all naturals and 
sharps are produ(*( d by the pedals [1 ]. There aio 
seven of lh(‘So. liki? the s(‘.ven sc'iises, one for 


Ex. 15 
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each note of the w>&Xo, In China, each separate 
sound has a distinctive mental meaning. This 
septet of pedals is appropriately situated in the 
pedestal of the harp. Four of the levers are 
on the right, three are on the left of the player. 
Beginnincr from the centre, the right foot nego- 
tiates the E, F, G, And A ^ pedals, "riie nearest 
on the left is the Then follow, for tlie left 

foot, the C and Eb pedals. Ea-ch hhjt in the 
pedestal is furnished with two notclu's. Put 
the toe on the loft middle pedal, the harj> 
being tuned in this key. If the lever is prt^sbed 
down to the first notoli, a rod in the column is^ 
raised. Tliis operates on the metal comb or 
action in the neck, and puts greater tension on 
all the strings by stopping off a iiortion 
of tiieir longtli, os the violiiiisi’s fingt^r do(‘s 
on the fingerboard of the fiddle. 

The pitch is thu« raised uniformly 
a Fomitone to 0£. Depress the 
pedal to the second, or lower, notch. 

The leverage action now raistv. tlu* 
pitch another half-tone, and trans- 
poses all the C strings to In 

eousequeneo, when certain other 
pedals have lu'cn dejuessed, there 
is no more diflioiilty in playing on 
the harp in the key of CC than in 
any other, although a beginner ok 
the piano w'ould find that key, with 
its six accidentals, or th(‘ natuial 
harp scale with its seven flats, most 
enilmrrassing. 

T'ak(' the secoi.d pedal from the 
liglit, F*^. Lower if to the first 
notch. This raises all the strings 
to F£. On the piano, the key of 
F'^, with its eight aeoideutals, is 
most bewildering, whertas the key 
of FtJ, with only one flat, is (pnte 
eaay. On the har}), oiw* is as sinijile 
8i the dther. Now depress th<' p<‘dal to the 
second notch. This raises all the F str^lg^ to 
FjT- On the piano, the key of F^, with six 
acoidrnitals in its signature, lleees^ itates the em- 
ployment of many black .lotcs. Gouseqiuntly, 
the fingdiiig for both liands is difl(*u*nt to what 
it would bo in Ft But the harp player, having 
put down iht necessary pedal, adhen's to tlu* 
same fingering, whether he plays in a kt»y with 
«)ight flats, ono flat, or six sharps. 

Ear Training. Hitherto, for the purijose 
of practising, all the pedals have Ijeon up. 
Tlie harp, therefore, has been in its natural 
key of C?, a semitone lower than the natural 
kijy of the piano. Tiiis is a-s well. It does not 



diminish their vibrating lengthy and givea greater 
resonance to the instrument. But as soon as the 
fingers have been drilled to do fairly well what 
is required of them, the ear must be trained to 
accustom itself to recognise changes of key. This 
is done by employing the pedals. Now deprcfcs 
all the pedals quickly one notch. What is the 
result ? The pitch of all the strings is raised 
equally half a tone. The harp is, therefore, no 
longer in the key of Cb, with seven flats. Why ? 
Because all the flats have disappeared. There- 
fore, it is now in the scale of C and the pitch 
of the harp corresponds with the piano if the 
student plays his exercises on the latter instru- 
mcnl without regard to the flats in the signature 
of the music. 

The natural scale of the Highland bagpipes 
is in the key of G, which has one 
bliarp, F. To interpolate tbiis sharp, 
jircss dowai F 7 pedal (now in the 
first notch, and therefore Fi) and 
slip it into the bottom notch. This 
raises every blue string throughout 
the instrument to FjJ. It will be 
appropriate to try, in this bagpipe 
key, the mt lody known as “ The 
Ganqjbells are Cominir” [Ex. 15]. 
Insertion of Accidentals 
by Pedals. Accurate and 
o rapid management of the 
pedals IS an important art 
with w^hich the student cannot 
become too lamiliar. In a 
truly diatonic melody, a piece 
may be played from lugiiming to 
en(l without manipulation of any 
of th(‘ levers after they have been 
adjuslcsl dt the start. Tn modern harp 
music, however, modulations of har- 
mony into differimt keys frc(|uenlly 
t)Cciu* several times during the per- 
iormanc<‘ of a single piece. This nt'ccsaitates on 
the ])ait of the })layer an ability to press down, 
noist‘le.ssly. the correct pedal at the right moment. 

Now put up dll the pedals again. We give an 
exer<*iM‘ in whu‘h a modulation from the key of 
to G*^ occurs [Fx. 14j. Strike the first 
thre<* chords in tlu‘ natural key of the harp, 
^’o obtain the m'cessary F naturals in the 
four ehoids which follow, depress the middle 
right pedal to the first notch. This raises all the 
blue strings half a tone to F^. Practise the 
exercise slowly with a metronome until the pedal 
change is made without retarding the time. 
Then gradually increase the speed until this 
key change becomes automatic. 
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■TIIE invasion of tlic nuwjhinc shoj) by iooU of 
* new or of vastly improved t^'pes lias lu'cn 
the cause of much change in methods. These 
tools include the milling machine, the grinder, the 
turret lathe, gear cutting machines, key-way 
cutting machines, and liigh-spccd tools. Some 
of tJiese machines, though in use more than 
half a century ago, have lain n(*gleeted and 
undeveloped until within the last h'w years. 

One feature which the milling machine and 
grinder have in common is that they are rotary 
tools, and to this fact they owe much of th(‘ir 
success. Tlieir rivals arc tho reciprocating tools — 
the planer, shaper. Blotter, and key- way cutters. 
Another feature is that these tools, and the 
machines in whi(^h they are embodied, arc speci- 
ally characterised by certain movements and 
adjustments of fine precision, so mu(h so in f.aot 
that they have boon the principal agents in the 
development of the infcrchatt/^eablc sysbrni of 
manufacture. In this system not only are 
precise dimensions easily ensured, Init positive 
dimensions also, alike in any number of similar 
pieces. And since these results are obtained by 
mechanism cmlx)diod in the machines, and not 
by the exercise of a high degri'c of craftsmanship, 
remarkable economi<*s follow. Precision, both 
absolute and uniform, with extreme <'eonomy in 
labour was never po.ssibU^ by the old methods. It 
is regularly obtained by tho new. 

Reciprocating versus Rotary Cutters. 
In our last article we. said that tliere are 
several ways of producing similar articles, or 
similar surfaces in th<^ m.achinc shops. But 
because the planer, shaper, and slot ter fornuwly 
monopolised so much of ydain surfacing they 
have been allowed to retain undisputed possession 
of it until recently. Yet much of this work can 
be done by rotary milling cutters ; sofno of it as 
well, some better, than by reciprocating tools. 
The fact also that these ma(diine.s appropriated 
so much led to their use for the protluetion of 
numerous surfaces which, though plan*; in one 
direction, were situated at angles with the vortical 
or the horizontal, and which, when required to 
gauged dimensions, are not very readily tooled in 
this way. We have frequently seen many other 
awkwara shapes done in these maehin<*.s, such a.s 
gear-wheel teeth, long spirals, and other forms 
requiring special rigs-up, and tedious and costly 
operations, with unsatisfactory results. Worse 
than these, too, are profile forms, which include 
all shapes that involve combinations of faces and 
curves, convex and concave, regular or irregular 
in outjino. Some assistance can be derived in 
such cases from tools shaped to suit portions of 
the piofiiing, hut they are nearly always costly, 
slow, in operation, and unsatisfactory in execu- 
tion. To-day, these classes of work are better 


done with rotary cutters on milling machines 
than on any of tho machines employing recipro- 
cal ing tools. Til prolik'd forms especially is the 
economy apparent, for though much of this is 
taken from those macthines, an equally large 
section is appropriated from hand labour done 
at bench and vice. In irregularly profiled work 
done by milling, a cam or former plate of any 
imaginabk' shap(^ is mad(5 to control the mov<*- 
ments of the cutter iu a direction perpendicular 
to the edges of the work being tooled. 

Elasticity of Milling Practice. Tho 
production of plane faces fiy rotary milling cut tors 
is effeeted f^qually well whether tho edge or end 
type of cutler bo used [set* 258. page The 

advantage of this ehoiee is apparent when the 
milling cutter is contrasted with tho action of 
<h(^ single tool edge. In milling, it matters not 
whether face.s bo situated in vertical or in hori- 
zontal 2 >lj>.ne.s, since eitlu'r one or other form of 
eutt(‘r will operate on both. An advanced stage 
is that in w Jiich cut ters are arranged in gangs, or 
in series, to operate on vcrtic.d and horizontal 
or angular fa(;es siinullaneotisly at the same 
tr‘iv<*rse, which no single-edged (sjtter will do ; 
neither wdll any coTubination of single-edged 
eutter.s in a single tool hox. Curved cutter.s can 
atso b(^ iri(‘lud(‘d wnth those having plane faces. 

Yet once mon* the (M'oss t.ravers'* of the single- 
edged tool is avoided in t lu* milling cutter. Take 
a surface, say a (;oupk‘ of \vi(ir. Tlie singlo- 
edgt'd tool in roughing thi.s down with one- 
.sixteenth feed will have to inako sejiarate 
trav(‘r.sf; movements, and the machine table or 
tile, tool as many n'versids. The broad milling 
<;utf<n* iooh the entire width without any tra- 
versi' movement, and without any rcv(;rsal. And 
often, if w'id(‘ pioc(;s he not required, and work 
is wanted for lh(^ machines, a number of narrow 
strips are a?*raiiged side by side, and milked 
simultanaously, as a single wide piece would be, 
and with at Iciwt equal economy. 

Edge Type of Milling Cutters, (bm* 
paring the work of milling with that of the 
reciprocating toots in the slotting m^iohine and 
shaper, we s('(^ that it stands on a dilforent 
footing from that done in tiie planer. In slottcu* 
and shaper circular movements are available, 
as explained in the last article — in the first- 
named machine by the rotation of tho table, 
in the .second by tlie moveunents of tlu^ tool 
head in a circular are, or of the work on an arbor 
provided with circular feed. But the edge typo 
of milling cutter score-s over both, because the 
cutter does not reciprocate, and it is also generally 
supjiortod at the lower end in deep work, and 
thus the spring so objectionable in the recipro- 
cating tool is eliminated, or nearly so. The 
milling cutter will do work of which tho .slotting 
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and shaping tools are not capable, among which 
are included int^al work, as that of plain round 
holes, and blind slot holes. 

The milling machine comes only slightly into 
rivalry with the lathe, and chiefly in the profiling 
of light gear-wheel blanks which are liable to be 
sprung by turning. While turning has to be 
done by gauge, the milling cutters built up in a 
gang form produce the blatiks to corre(?t shape 
at once without any tentative settings of tools. 

Limitations of Milling. In the work 
of milling, a saw-like cuttei* having from 8 or 
JO to .W or (>0 teeth arranged in cylindric^al, or 
plane fashion, accomplislu^s similar work to that 
of the single-edged cutting tool. Each tooth is 
a soparat<j and distinct cutting tool, but it must 
not 1)0 supposed that a cutter with, say, 20 teeth 
would aceomi)lish 20 times as much work as the 
singlo-edgc'd tool, or that it could be operated at 
20 times the speed in cutting. Sometimes it 
would not get over as muiih w'ork ; it will only do 
more in some particular circumstances, and it 
cannot be operated at more than twice or thrice 
the speed of the single-edged tool. The non- 
recognition of the reasons for this has often 
resulted in disappointment, and the oondomna- 
tion of the milling machine. This type is no 
exception to the rule that all machines have 
limitations, and that there is no machine 
which is capable of tlic highest economies 
under all conditions. 

The milling cutter lacks the full penetrative 
power possessed by the singlo-edged cutting 
tools. Its edges are weak and thin by com- 
parison, and are easily damaged by forced duty. 
It can therefore be em])lov(‘d only for shallow 
cutting. The teeth also are pitelu'd so closely, 
seldom exceeding jj in. qjr } in. apart, that the 
cuttings cannot get away so freely as they do 
from the singlc-cdgcd tool. This limits the depth 
and spi'cd of cut. Further, th(» t(‘eth are broad, 
while the single-edged tool is narj'ow -])ointed. 
The power required to operate the milling cuttm* 
increases as its breadth, and one advantage 
whicli the cutter has when opposed to planing 
or shaping of plane surfaces, is that of 
increased breadth. But a broad cutter is very 
liable to spring and produce untrue work. Again, 
unless a milling cutter has its teeth of equal 
length, its full possible advantages are not uti- 
lised, because uie duty will be thrown on the 
higher teeth. Faulty cutters, too, have to l»e 
reckoned with. Yet the milling cutters aio used 
to an increasing extent, appropriating work from 
the machine tools using single-edged cutters. 
The reason is that, employed under proper con- 
ditions, they are of high utility, while in some 
particular cases they perform that which no other 
tools can possibly do so well or economically. 

Inserted Teeth Cutters. There is a 
large group of milling cutters to which the 
foregoing observations as to fine pitching 
of teeth, and slight capacity for penetra- 
tion, do not apply — the cutters with inserted 
t^th. These are discs, generally of large 
dimensions, in which singlo-edged tools are 
inserted at equidistant spacings. They are not 
fine tnois like the milling cutters proper, but are 
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used for roughing in ending machines ** and 
“ piano-millers,” and in these capacities are 
great rivals to the planing machines for operating 
on plane surfaces of largo areas. 

In some kinds of work the choice between the 
reciprocating machines and those using rotary 
cutters is pretty evenly balanced. There is 
much work on the border line, in regard to whi(;h 
the o})inions of sho}) managers are found to differ, 
but tliis is chiefly that, in which plane surfaces 
in question. But in others, the choice is over- 
whelmingly in favour of one method. And in 
regard to the machine, the question is never wdiat 
is possible of accomplishment, but what is 
economirnllt/ practicable. We will now take a 
f(?vv examplt\s illustrative of the work of the 
milling cutters. 

Examples of Milling. The profiles 
shown in 285 to 271 arc those which would 
involve more expense with less accuracy if the 
attempt were made to produce them by planing 
or shaping processes. If produced by planing, 
265 would require live tool settings, whereas with 
the built-up gang mill shown, it is effected at a 
single traverse. Moreover, there is the great 
advantage that the gang tool fixes sizes also, 
while planing requires exact sotting and measure- 
ment for cutting each of the five faces. This 
milling cutter would produce a number of pieces 
all alike, whereas planing would result in diver- 
sity. Fig. 266 is a still more difficult section to 
produce by planing, for it involves nine different 
faces, which must be symmetrical on opposite 
sides of the centre. I'lie gang cutter produces 
tlK'DiHimnltaneousiy. Such cutters, of course, are 
costly to make and build up, and they require 
careful grinding, and lose their accuracy by rc- 
griiiding. Bui the cost is soon recovered ; grind- 
ing is a matter for the cutter grinding macmines, 
and accuracy is restored by various adjustments, 
one of whicii is shown in 266, eftected by right 
and left-handed screws. These are two examples 
only, selected from nurnoroiis actual combina- 
tions. I’lic device is one that is in extensive 
and increasing use in the shops. 

The next example 1 267] is one which is 
familiar — the tec grooves in machine tables, 
'^riiese wore formerly always planed, if tooled at 
all, but frequently were left rough-cast, by reason 
of the time involved in planing five distinct faces. 
Tlie milling cutter, starting from one end, cuts 
the five faces simultaneously. Fig. 268 is typical 
of a large volume of work done by milling — the 
foi'mation of the grooves in the cutters them- 
selves, previous to hardening. All the grooves in 
any cutter, or any number of similar cutters, are 
bound to be alike. The spiral form, which is 
givtm longitudinally, is imparted by dividing 
head gears in a universal machine, being a special 
class of screwcutting. Figs. 269 to 271 are exami)lca 
of profile cutting involving curved outlines, 
2^ and 270 being convex and concave respec- 
tively, 271 being moulded. The work produced 
is the exact counterpart of the cutters, and it is 
obvious that by no process of planing or shaping 
could these forms be produced so exactly, except 
at the expenditure of an enormous amount of 
time and trouble. Hero, therefore, the milling 
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cutter scores heavily. Figs. 280 and 200 are 
examples of this kind of work. 

Profile Milling. There is another depart- 
ment of work in which the milling cutter holds 
its own securely — namely, the profiled work, or 
form milling^ or work of irregular outlines in 
plan. All the illustrations 265 to 271 are 
those of work having irregular outlines cither 
absolutely plane [265 to 2881 nr circular j289 to 
271]. But link and cam work is irregularly 
shaped in plan, iri'cspective of the sectional 
form of the edge. Jf, now, the movements of a 
milling entter be controlled so that it must 
follow certain pre-deterniined irregular outlines, 
it will produce profiled or formed outlines. Any- 
one who lias .seen gun stocsks or hammer shafts 
being turned on a copying lathe will understand 
the action of the 


on tho table B of a slotting machine, and the 
tool C is producing the groove. In 276, a half 
coupling A on the table B of a key-seating machine 
is being key- grooved by the tool C clamped in 
the bar D. The reasons why the latter is cap- 
able of producing results more accurate and 
more rapid than tho former are as follow : 
In 274, the tool C is liable to spring, because it 
is unsupported away from its holder, and is 
certain to do so under any but very light 
eiits. Therefore, the operation must be slow or 
the results are inaccurate. But in 275 the tool 
bar P is supported absolutely firmly by tho 
bush K, whicli is littcd into the bore of the piece 
of work A, and through which the cutter bar D 
reciprocates. Tho number of bores required is 
provided for by having sots of bushes of different 

outside diameter 




form or former. 

Tho movcincnts . X ' 

of the cutting 

tool are coerced 'rvT '((( )])’ ) Y" 

thereby, and the y ^ ^ 

irregular outlines V -y ‘ ' X'.^\\ .N'' Xx/- 

of the form arc 280 f 

reproduced ' ^ > 281 

exactly on the (Hjtzffft ~ 282 

work. This is the - a 

principle inform fj!!! 

milling [272,273]. j -^Ljn \j P 

'riiere is no other ~ ft f' 

machine which I — ^ oqa ( '"n r 

will do this work ! - ■ 284 I | f . I 

except in a j l| ® ^ ^ 

makeshift fash- f K LF '"Xt'X 

ion, and large [ H "r\ \\'^ oo*' 

quantities of it -p 1-^ ( f n T" V oas 

arc done in mill- 

ing machines ! , 

with special H I 286 — " — I I 

mechanism for - y fV // 

pulling the cutter A — ♦ J“ 7 f f ' • ^ 

ill tho path em- j n __ 1 i .1 1 

bodied in iho f t 'T' I / 

form. vi — T \ /? \ \v yy J 

Key«seating. fa - IjJ \ 

Keyway cutting ggg I i V 

forms a very ^ 287 

large section of 280. (U iudinjjf circular splmiu*. 281. (*ninlin.t;witli planet spindle. 282. Orind- 




but of the same 
interior diameter 
to suit tho stan- 
dard bar of the 
machine. Spring 
is impossible in 
this arrangement, 
and therefore, 
while several 
light cuts are 
required to make 
a key-groove in 
274, a single cut, 
or t/wo outs suf- 
fice in 275. 

While those 
drawings are 
under considera- 
tion, note should 
be made of tho 
clamjiing ar- 
rangements. 
Two very useful 
packing blocks 
are shown in 274 
at D D, useful 
because their 
screws permit of 
making vertical 
adjustments to 


large section of 280. (n iudinjjf circular spindle. 281. (*niidin.t;witli planet spindle. 282. Orind- bring the damp* 
the work of the iuj; al>ore. 283. Orliidin^ a iMue with planet spindle. 284. Dead centre }{rinding. ing plates F 10 
machine S hop. ^8®- Urindlng at an angle. 286-287. Chuck work. 288. Facing a bush 


There are keys in tiearly all wheels and pulleys, 
and also in their shafts. The method of tooling 
these differs. In the old system, still exten- 
sively practised, the key ways in wheels arc done 
on tile slotting machine, the table of which is 
tilted when a tapered key-groove is required. Of 
late years, special key way grooving machines have 
been employed largely, in which a serrated cutter 


bosses of different thicknesses. FF are packing 
blocks laid under the work to permit t3\e tool 
to clear tho key-groove. Another useful typo of 
packing block, which permits of a range of adjust- 
ment for htjight, is seen at P F in 275. This ha.s 
four steps, giving four different heights on which 
the clamping plates G G may rest. Though these 
do not afford the minute adjustments of I) D in 


bar, or a single cutter moving vertically producjcs 
the groove in the wheel or pulley lying on a table. 
Practically all key -grooving of tho bosses of 
wheels and pulleys is done in one of these 
fashions, either with a single-edged slotting tool 
or a serrated-edged bar, each moving vertically. 

Key«Aeating in Bores. The two methods 
of doing key-seating in bores are shown in 
274 fiful 275. In 274, the boss A is clamped 


274, they are extremely useful, having broader 
bearing surfat^es, and are largely employed in 
milling and other machines. 

Key-grooving in Shafts. When key- 
ways are required in shafts the conditions are 
different. Bosses arc relatively shallow, shafts 
long, and the latter, therefore, are tooled in 
a horizontal setting. KeywaVs in wheels and 
pulleys are mostly tapered, the ease of sliding 
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^tb^-groores excepted. Ke3rways in shafts 
are paraHel, so that no tilting apparatus is 
reqoired. 

ITier© are three methods of producing these 
keyways. The most common is termed skit- 
drilling [276]. Here a rotating drill-like cutter, 
A, wi& a flat end and central notch is used, 
and the work is traversed under it, as shown 
by tho arrow. A key-groove of any reasonable 
length can be started and finished in this way. 
An alternative to this is planing, or shaping. 
The shaft is fixed, and is traversed under the tool 
in the planing machine, or is fixed in the shapt^r, 
the tool traversing. Tlie groat objection to those 
methods is that a hole must be; drilled first, both 
at the commencement and t<‘rmination of the 
key-groove, to permit the tool to clear itself. Ihi- 
usuai cases apart, therefore — as, say, in very long 
key grooves or splines cut on tlui planer, which 


doxical, but the fact is indisputable. Priietical 
points have to Ix^ observed, otherwise the results 
would unsatisfactory. Tlu» most important 
one is that no appi’cciable pn\ssuro must be 
exercised between tho whe(*l and tho work. 
The barest contact suffices to nuuove material. 
It is usual to fe(‘d wh(*cls inwards by from half 
a thousandth to a thtuisaiultli of an inch only 
at a tinu^. If inon^ pressure is put, on, tho work 
hceomes heated and distorted, and runs o\it, of 
truth to an increasing exUmt. 

Work Suitable for Grinding. Tlu^ 
place of griiuling is limited almost wholly to 
plane surhicos. to surfaces plane in one direc- 
tion and curved transversely thereto, and t<^ 
cylindrical surfaces, external and inttsiial, 
A grinding whet^l cannot produce fornud work 
accurately by its own sbajx*, Ix'cause iraverst* 
movement is essential to its proper action, due 


arc beyond tho traverse capacity of the slot- 
drilling machine — planing is not 
the best method to adopt. 

Milling Cutter and Slot 
Drill. But the milling cutter 
has como into clost^ rivalry 
with the slot drill. 'Hi is 

is shown in 277, where 
milling cutter is seen in its 
finished groove, producing (‘or 
rect width and depth at 
once. Tho slight objec; 

tion is that when tho 
groove lies witiiin the 
ends of tho shaft tho 
terminations of tlu^ groovo 
must ho concave. This 
would not math'!* in tho 
majority of cases, ex- 
cepting chiefly where 
feat her- keys have to 
lx> fitted, and then tho 
vertical ends of the 
slot - drill method are 
wanted. And in by far 
tho larger number of 289. form mtllixo on 
instances the key- 

groove comes right out to tho end of Mu' 
shaft, as when wheels, <‘tc., arc* keyed on at 
tho ends. Then, of course, tho cutter riuis out 
freely. Tho milling cutto in 277 produees a 
groove more quickly than the drill in 276, 
because of its greater slogging capa<uty, with 
less risk of fracture if forced. Very frequently 
several such mills are mountcxl on oru^ arbor. 





to the fa(*t of its own abrasion. In working 
on plane, or on cylin- 
drical faces, either the 
wheel or the work must 
he tniv<M*sctl laterally, it 
matters not which, but. 
s\ich a inovenu'ut is 
eli'arly im|M)ssible in 
grinding grooves. Thus, 
(*\c(‘j)ting for some eom- 
parativeiy rough jobs, 
as saw gum ruing, wheels 
with convex edges or 
])rolile(l etlges are seldom 
list'd. 

At. prt'sent, in the 
nmehiiu' sho]) tlie w'ork 
of the grinding wheels is 
mostly jis an accessory 
to that of other ma- 
chines- that is, it. is 
employed more as a 
correrfirr than as a 
jnrmntirr process. It 
usually follows roughing 
A HERBERT M.voHi.NE ojM'ratioriM performed in 
planiM-, shaper, lath(‘, or 
automat i(r machines, and rtNt'rvt'd h>r work 
ret| Hiring the highest legrcii of accuracy ami 
finish. 

Types of Grinders. Crinding imu^hines, 
which occur in scores of designs, may be divided 
very broadly into t wo gnrups, tlu; non-precision 
ami tlie )»recision types. Tht^ distinction 
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with distance washers betw’cen, and tmt tin* 
grooves in several shafts simultaneously. 

Elements of Grinding. The work of 
grinding is peculiar. The highest degrt'o of 
accuracy possible in machined work is not pro- 
duced by the hardened steel cutters that do not 
wear appreciably, but by tlu‘ grinding whec'Is 
that are themselves abraded practically as 
rapidly as they abrade the material operated on. 

A wheel that is traversed along a shaft, grind- 
ing as it goes, is smaller at the termination than 
at the beginning of its traverse, yet it produces 
a paridldl shaft, accurate within some fractional 
part o| a thousa^th of an inch. This seems para- 


visi<in exists for producing ])recis(’! dimensions. 
If tlu'se arti secured it is only by UK'thods of 
trial ami careful < h(*c king aiid manipulating 
on the part of the woikman. In the latter, 
movements preeisc* and absolute are eniboiiied 
ill the maidiim-H. The distinct, ion is of vast 
importance: in et’onomieal production as wvH 
a,s from the j>oint of view of accuracy. To 
produce a numlier of pieces all alike in regard to 
dimensions, so as to hi^ interchangeable, is, in 
th(? first, practically impossible, but in tlu; 
second it is roocli ly accompi ished . The diflfcnniee 
is akin to that of tiiniing in the hand lathe with 
tools held in the bands and turning done in 
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the slide-rest of the self-acting lathe. But the^ 
difference in non-precision and precision grinding 
is more marked, because the latter embodies 
micrometric adjustments which are absent 
in ordinary lathes. If a man has to grind a 
piece to a dimension within a thousandth, 
oi half a thousandth of an inch, he is able 
to <lo so by graduated settings in the mfiohine, 
after whi<rh the cut may be taken without 
anxiety. 

Sphere of Non-precision Grinders. 

Both these gr(‘at groups of machines fill an 
t'sscniial place in tlie shop because it is folly 
to employ Jiigh -priced, dolicately-constructcd 
maohiiKss to do comjiaratively rougli work. 
Plenty of Avork has to be ground and poli.Oicd 
for good appearance simply, with tlu* advantage 
of costing far less than th(‘ machining of it Avould 
cost in lathe, ])]anor, or shaper. Such work 
is done on the grinding macliines tlnit arc un- 


necessary in planing and milling. If the strip 
Avere very short it might be held just as 
well in a machine vice. In 279 another type of 
elide bar. A, is bolted against the vertical face 
of the angle plate B, the latter being bolted 
down to the table. 

In the example, 280, the mast common kind 
of precision operation is illustrated, that of 
grinding circular spindles, ^’he wheel and the 
work rotate in directions similar to each other, 
so that at the point of contact-, AA'hile the wheel 
may be running dowiiAvards, the work is travel- 
ling upwards. The Avh(‘cl runs at a much higher 
speed than tlic Avoik. At the same time a 
traverse or longitudinal motion is impartefl 
either to tlie Avlieel or the Avork, either arrange- 
ment being adopted in machines by different 
makers. This traverse motion is indispens- 
able in all grinding, ev^on though the width 
b(‘ing ground be no greater than that of the 


provided Avith any imv^hanism of precision, the 
Avork being lield in the liands only, or moved 

about on a table or 

rest against th(^ 

AAhoels. The tgn- 
dency now is to 
add tables and 
rests with semi- 
precise adjustments 
to the wlieels usc‘d 
for rough grinding, 
so causing them to 
approximate some- 
what to the higher 
precision typi's. 

Tliis is due to the 
groAV'th of the sub- 
stitution of grinding 
for the AA^ork of th(5 
machines using cut- 
ting tools. 

Examples of 
Grinding. The 
groups of ligures 
278 to 288 illustrate 290. douiilr FOKM-MinuNo on 
some typical opera- 
tions. Figs. 278 and 279 show tJie production 
of true plane surfaces of larger or smalhT area 
by grinding. Either .style of wheel may be u.sed 
to produce like results, either the periphery of 
the cylindrical wheel 1278], or the end of a cupped 
or airing wheel [279]. Traverse moA^einent is 
essential. Imadontally, in regard to clamping 
arrangements, the thiii strip in 278 (Avhich may 
bo a siidc-har, for example) cannot be held by 
clips on the top, because that Avould interfere 
Avith the grinding wheel. In the method shown, 
which leaves the top face free, small pIato.s 
A, A, are pla(.*cd Ix'tAAT^en the AVork and the 
clamping bolts, and plates pulled down by the 
bolts press upon A, A, jamming them angularly 
as seen, so that they draw the Avork down to 
the table. In the side view [278], only one such 
clamping outht is shown, but there may be 
two, one at each end of the work, on each side, 
or throe or four if necessary. A block is some- 
times bolted down at the end of the strip to take 
the end tlirust properly, but this is more 



wheel. 

The reason is that the particles of abrading 
material become broken off continuously so 
that the wheel docs not present a true face like 
that of a sb'cl tool. TJiorefore a sideway 
motion is essential for the narrowest as for the 
broadest or longest surfaces 
in the production of true 
results. 

Differences in Grind- 
! ing and Cutting. Only 
a minute amount of material 
IS removed at each cut or 
traverse. A lathe 
n tool will commonly 
I* cut J in., J in., or 
4 in. deep into the 
TiK'tal, and often 
more. But in. is 
a coarse* d(‘pth of cut 
for a grinding wheel. 
T}u‘ difference is to 
be sought j)artly in 
t h o vv h eel, and 

A BROWN & SHARI’ K MACHINE prti'Hyiu the charac- 
ter of the cutting. 

The grinding Avheel is composed of fine, 
sharp, hard particles of gritty materials united 
Avith (dementing suhstance.s. The.sc particles 
being so small liave not tiui capacity for penetra- 
tion that tJio incisive Avcdgi'-shaped steel tool 
has. If the wbc<‘l l)e forc<‘d too deeply the 
f)artiele.s simply become choked, or glazeA, and 
cease to be operative. Tlie depth of out is 
limited by tJio rate at which material can 
removed, and this is governed by the efficient 
action and duration of the edges of the cutting 
}»arti(des, and this again by freedom of escape 
of the abraded material, and also of the grains 
that lose their cutting power. This partly 
explains why, in the host modern grinding, 
floods of Avater are directed on the areas being 
ground to wash away the swarf. Another 
reason for the water i.s that the rate of grind- 
ing is dependent on the heat generated, which 
also follows from the abrasive character of 
the operation, and which is greater than that 
produced by a single-edged cutting tool. 
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'Fuilctlo.n of Water. When grinding, 
8|>ariia are mcessantly given out, even though 
htbrication be abundant. It is a fact that sparks 
ore emitted even when the amount being removcni 
is inappreciable by any shop measurements, or, 
say, some very fractional part of ^ A of an inch. 
Now, where sparks are produced there is heat, 
and the generation of heat 
is cme of the greatest diih- 
euHies in grinding, and 
this is the principal reason 
why water is so frotdy 
uac^. Take a long spindle 
like that in 284a. A similar 
piece of work is shown in 
291. Such a piece of work 
imder heavy grinding will 
bend so much as to dc^stroy 
absolutely both the eii*- 
cular form and the longi- 
tudinal Jiecuracy. lliough re 
volving rapidly, one side — that 
next the wheel for the in.stiuit — 
becomes hotter than the side 
opposite, and expands and 
elongates, and tln^ .spindle 
gradually bends, and is ground 
(‘lliptically. 1'his would always 
occur but for the fact that 291. cylindh 
tjxtremely light cuts are taken 
and abimdance of wat<‘r usc<l. 

The value of water i.s duo to the fa(‘t that thi' 
risk of distortion is Ies.sened. * 

But what is lost apparently in the extremely 
tine depth of cut possible with grinding wheels 
is largely com|:)ensated for by the high s}i<^ed 
at which reduction is etfected. Grinding wheek 
have a peripheral speed 
of about 5,0(K) ft. i)er 
minute, against from 
•2() ft. to 150 ft. of 
single - edged cutting 
tools, and this tells 
heavily in favour of the 
grinding wheels, with 
the result that then? is 
much work now rele- 
gated to the grinding 
machines that was 
formerly done on the 
machines using ordinary 
cutting tools. 

Grinding by 
Planet Spindles. 

The example given in 
280 is that of a spindle , 
being ground while ro- 
tating in a machine 
against a wheel. But 
vary often such rotation 292. cuti er orinu 
of work is not possible. 

Then it might seem as though the work must go 
to the shaper or Blotter or drilling machine ti) Us 
tooled by one of the devices illustrated in the 
previous article. That, however, is not necessary, 
fw it can; still be ground in another kind of 
machine in which the wheel moves round the 
worik [281] by what is termed a planet motion. 


291. CYLINDRrf'AL (JRINDrSf 
Citx'iiinuti Machine) 


which the wheel itself, rotating on its own axis, 
has also a moveimmt of its axis in a cinde. 
Obviously, it is then also easy to grind internal 
surfaces, bores, as at. 283, the wiieej only moving. 
This system, originally used for bush grinding 
in such work locomotive rod.s and link 
motions, is now employed 
for larger work, .speeially 
for the bores of mottir 
eylindei*s. formei'ly done 
in a lathe or boring 
machine. 

It will be observed 
that th(‘ eon- 
ditam wbieh 
renders t h 
planet move- 
ment of the spindle 
(‘.ssential is that the 
work, whether pin or 
bole. Ik; tixefl, because 
its siz(^ or shajK‘ pre- 
v(‘nts revolving being 
conveniently etYeetM. This is 
a (litYc'noit condition from that 
which exists wh(‘n the work con 
U» rotated as in 282. This 
Ai. (jHiNorvf I'*''**! id(*ntieal with external 
Machine) grinding f280|, .so that the 

grinding wheel may rotab" on 
n fixed axi.s, and so be f«‘d jM'ipendieiilarly 
towards the rotating work as the grinding 
proceefis. With tin* work fixed [281, 283], the 
axis of the wbe«‘l imtst move* in a eireU;, but 
the diainet(‘r of this eireh; is made capable of 
miei’ometrie regulation in the mmdiine, so that 
precision grinding withhi 
i fraction of a thousandth 
of an inch is (jos.sib!e. 
Pin; diagrams 230 uud 
282 and 281 and 283 
cl(*arly .show the e.'<.sen- 
tial distinction be- 
♦. wc*<*n the two 
kimls of cir- 
eulnr grinding. 
It nec'd hardly 
be .stated that the 
attempt to grind out a 
bole with a wlieel of the 
eorriK't size (in boring 
tool fashion) could not 
be adopted, bc*caus(‘ of 
the constant reduction 
the diam(;ter of the 
vvlio('l owing to w(*ar. 

M iscellaneous 
Examples. Sueeeed- 

CUTTER ORINUINO (Cindiinati Machine) figures show the 

general relations of work 
and wheel in plain cylindrical gianding. The piece 
of w'ork A [284] is being driven on dead centres 
by the pulley 13 against the grinding whex;! 
This dead centre grinding is conducive to 

accuracy, because the headstoek mandrel doc*.s 
not revolve, but the pulley B' only rotHtt‘.s the 
work on the conical centres as shown. Provision 
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is made for rotating the mandrel when necessary, 
such as for work which must he held in a chuck. 
Tapers are ground readily, whether external 1 286] 
or internal, provision being made in Uie machine 
for setting work and wlieel spindles to any 
degrees of angle by *gra(luatc^l scales. The 
traverse of the wlieel is still essential. 

Much W'ork is hold in chucks, exactly like 
lathe chucks, for grinding holes [286], and fiat 
discs [287]. Traverse is imparted to the whc<‘l 
axially in 288, and transversely, or across the face, 
in 287, the wheel being indicated at A. Another 
way of grinding faces is seen in 288, by the 
aliouldered face of a wheel. Here the piece 
of work, a bu.sh. A, is having a face ttii<*d 
up squarely with the wh(‘(‘l 15, the wheel being 
traversed in a direction perpendicularly to the 
axis. 

All those operations will bo rccogni.scd as 
legitimate work for the lathes, and some of 
them also for the drilling and boring machimvs. 
Yet they are regularly done on the grinders 
on hardened pieces as well as soft, and the 
important point is, with greater accuracy, often 
combinod with great(*r rapidity than they can 
be eliccted in lathes or drills. 

Hardened Work. Then there is a class 
of work, that which is hardened, that can he 
done only by the grinding wIum^I, because com- 
mon cutting tools will not touch it. Although 
it might seem as though this fact could not 
increaao the volume of work {)rod need by grind- 
ing, yet it has done so in this way : Many 
spindles and bearings are now hardjmcd that 
wore formerly left soft in the days wlum preci- 
sion machines had not hwn developed so (*x- 
tensively. The result is greater accuracy, com- 
bined with durability in service. There is no 
alternative to grinding when hardcn<*d work 
is in qne.stion ; lajipiug w ith loose grains of 
powd(T on a hvul lap or plug has but a limiiofl 
use, and is tlisappearing before the competition 
of solid whwis. (Grinding is not only used for 
hardened steel spindles, but for case-liardcncd 
pins and links and the edges of cuttei*H, and 
the wheels grind these as easily as the softest 
brass. 

Cutter Grinding. Hicro is one great 
department of grinding which Jnos Ix'on practic- 
ally created by the growth of the milling ma- 
chine, that of cutter grinding. The accuracy 
of the work of milling cutU^rs depends on the 
accuracy and uniformity of their teeth. Ihese 


(such as the type in 268) are ground with emery, 
corundum, or carborundum wheels in special 
machines which contain provisions for present- 
ing the wheels in various positions to the teeth 
of the cutters, no matter what the shape of the 
latter may bo. Each tooth is ground along 
separately, a stop arresting the tooth and locking 
it in position, so that the wheel grinds one after 
another successively until the cirede is complete, 
as in 292. Tim sharpening may sometimes be 
between the teeth, instead of on their edges, 
in the case of “formed” cutters. This is a 
suh-d<* part men t of the machine shop, and it 
inejudti.s the grinding of the flutes of taps and 
reamers. 

Varieties of Grinding Wheels. Much 
of the skill of the grinder consists in selecting 
wheels of suitable grad<‘s for different metals 
and alloys. TTiero arc about 60 grades made 
— hard and soft — coarse and flne, but about 
a <lozen of these sufiico for the work of the 
machine shop. Afterwards the e.ssontial.s are the 
speeds most suitable, the rates of feed, the 
width of whct^l, and certain little adjustments 
of wheels to work effected by the slidea of the 
machine, which can be gatlicred only in actual 
working. 

Tile rea.sons of the fine precision and uni- 
formity of results in the grinding machine, 
tlu^refore, do not lie in the same category as those 
of the turridi lathes. Tlie grinder at present 
doe.s not rank as a roughing machine, though 
it probably will in the near future. Its value 
lie.s in fine and precise finishing, exceeding in 
ininutemsss that which is comimTcially possible 
in the lathe or plaiu'i* or milling machim\ jt 
therefore supersedes t he hand scrape with which 
the work of these machines has boon supple- 
mented, and aecoin])Iishcs the results in a frac- 
tional part of th(i limt‘ octaipied in scraping. It 
rcndc'rs [)osHible the ust? of hard('ncd sjiindles 
and slides in pla(!c of .stffter articles, and without 
any material increa.s(’ in cost, bc^causo th(^ 
wlu*el is as wc^ll adapted to operate on hard as on 
soft matci’ials. But precision grinding requires 
niachines the movements of which will operat(5 
with gri^at accuracy. The.se have much developed 
in recent years, and ar(i still being improved 
upon. Grinding is not yet employed to . the same 
extent as milling is, but it is advancing very 
rapidly, and a few years more will see it em- 
ployed for work that is still done mostly in 
the old machines. 


Continued 
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piGTldNARY OF MACHINE & EITTING-SHOP TERMS 

1. • .Tida Dictionary embracM only operations carried on. DeflnitionB relating to the various lathes, machine tools, 
tools, chucks, and other appliances arc nivoii when dealing wltii those subjects. 


AIMUHtABLI ATRIPS — Metal 
ttrips by which compensation for 
wear of machine slides is effected. 

Adjustments—Slight movements and 
corrections effected during the setting 
of work In machines, and during its 
subsequent erection. 

Angle Plate — A casting having two 
faces at right or other angles, and 
used for the attachment of work on 
machines. 

Angles of Tools — The angles included 
between the two faces of cutting 
tools. They range from just below 
90“ to about 20". 

Angular-hole Drilling — ITodncing 
square, triangular, and other pen- 
tagonal lioles by means of a cutter, 
which is moved in a path correspond- 
ing with the shape in plan of the hole. 

Angular Thread — A screw thread, the 
section of which is an acute angle, 
08 distinguished from a square thread. 

Annealing — Softening hard steel to 
relievo it of internal tension, or to 
render it easy to machine. 

Arbor — A spindle or mandrel for hold- 
ing cutters or work upon. 

Arborlng — Facing a boss around a 
hole, uith a cutter termed an aboring 
foofheld in a stem. 

Arc of Contact — The dist a nee occupied 
by a pair of gear teeth in mutiiai 
contact, tlie measurcineiit being 
taken on the pitch line. 

Arc Pitch — Tlie pitcii of gear ti'ctli 
measured round the arc of the pitch 
line. 

\utomatlc — A movement, operation, 
or arrest of motion, embodied in 
a moving meclianiRin without direct 
intervention of (he attendant. 

Axial Pitch -The pitch of a single 
helix in a nudtlple-tlireadcd screw, 
measured in the longitudinal axis. 

BACKING OFF —Imparting clearance 
back from tlie laitting edges of tools 
and cutters. Aiiplied specitically to 
milling cutters, reamers, and taps. 
Also termed relieving. 

Back Steady — A support for long, 
slender work being turned in tlie 
lathe, or to similar work lieing ground. 
It may be a fixed or a travelling 
steady. 

Bare — Hignifics tliat a dimension is 
very slightly below absolutely Cijrrect 
dimensions. 

Bedding — Making a proper fit of an 
element of mcclinnisin on another, 
or of a meeluinism on its ftmiidation. 

Bench — A liench provided with a vic(? 
and drawer is used by tillers. It lias 
u timber top carried on supports of 
iron or woo<l. 

Between Centres -.Setting work for 
turning or grinding between tlie 
point centres of the fast and loose 
lieadstocks. 

Bevel Gears — Toothed gears, the pitch 
planes of which are c<»nic frustra. 

Black Bars — liars of iron or steel used 
as tliey leave the rolls. 

Black Holes —Cored or forged holes, 
as distinguished from those wliieh 
arc drilled. 

Black Nuts — Nuts wlilch are not 
macidned or polished. 

Black Work — Castings and forgings 
which are hot machined. 

Blank — A piece of metal or alloy 
machined in readiness for subse(|uent 
detailed operations in otlier inaeliiries. 

Blank Flange — ’A llange widcii closes 
the end of a pine. 

Bob — The W’elght on the 
plumb line. A polishing bob. 

Bolt — A screwed fastening having a 
head solid with the shank, and a nut 
tapped to At the screwed end. 

Bore — A hole. To machine a hole is 

to bore it. 
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Boplng — Usually the enlargement of a 
hole already existing. 

Boring Collar — A cone plate. 

Borings — The chips removed iiy a 
drill or boring tool. 

Boss — A circular piece through whi<*ii 
a hole is made. The boss gives tlie 
necessary depth or thickness to the 
hole. 

Bossing — Turning the outsides of 
bosses in a lathe, a drilling, or a bor- 
ing inaciiine. 

Bracket — An angular casting or forgi ng 
which carri<*H some, form of bearing 
or anchorage. 

Brasses — The Uk>sc linings of siiafl 
bearings made in tiiat alloy ttr in 
gunnictal. 

Brass Work— .steam «ir water fittings 
made in the copper all4)ys. 

Bright Bars— Bars which are planished 
or iiolished, so that they liave not to 
bo turned in the lathes ami auto- 
matics, except wliere reilnction Is 
necessary. 

Bright Nuts — Nuts w!ncli inive been 
maeiiitieii and p«>liH|io<|. 

Bright Work — Work winch is ma- 
ciiined and polislitMl. 

Buff Wheel — A poli.shing wliecl of 
wo4)d covered witli leather or 
emery-powder. The work is termeci 
bnfflm. 

Burnisher — A piece of smooth stisil, 
or a half-round tile with tlie tectli 
gronml out. It is us<‘d for polisliing 
filed w'ork by friction, f. crim'd 
burnishing. 

Bush- -Tlie internal lining of a hearing. 
It is of copper allo\ or a wliitc metal, 
ami is fitted liy driving in, ieriiieil 
bushing. 

CAP — The cover of a dlvide<l slmft 
liearing. 

Card Wire- A brush made of steel 
wires useil for elcaning tin* teetli t>f 
(lies. 

Carrier — A lo<»j>ed pl4‘ee of st«e) wliieh 
elli)8 an olijeet t<* lie ilriven iielween 
eentres. Also terme<l a c/og. See 
driver. 

Cast Steel '“••Used for (utting tools in 
all sliops. 

Catch Plate \ sim. i faee plate whieh 
liolds a <i river. .See driver. 

Centro Line Dimensions (hi eirenlar 
ami other liodies are generally taken 
from <'entre iiius, w'hieti are (he llr.'^t 
dimensions to be laid down. 

Centre Pops - Dots marked l»y a centre 
puiicli along tiic eoiirse of dimension 
lines. 

Centre Punch A jM»inted 1 <m» 1 sinn k 
by a liamincr to ppuluee slialhiw 
conical dej)r4'SHions, <ir p^qis, ami 
centres. 

Centres — The niathemutical p<»int 
wliciicc eircli's are dcsenhe<l. The 
t(‘rin also signitli's tlie eonieal sup- 
ports used in lutlies and tdlier 
macliines for tlie support 4»f work, 
either n'vtdving or fi\e<i. 

Centring — Marking tlie centres on 
sliafts, l>ars, and oilier w*irk. 

Chalk Tsed for wiiitening Ihe rniigii 
surfaces of castings ami ftirgings, to 
sluiw up tlio lines and centres scrilx'd 
h> f lie liiicr-4»lf. 

Chatter — Vihralion during machine 
opiTations due fo insufllcienl rigidity 
of the tool, work, 4»r nia«‘fiiiie. 

Checking In- - titting p.*irts<uie within 
the other i)y a proj4‘etioii and a 
seating. Also termed rvgistvring. 

Check Nut- A lock nut. 

Chipping — Cutting nftdal with .a cold 
cldscl driven with hammer idows. 

Chipping Strips — .strips standing 
slightly above a broad surface, to la* 
levelled by ciupping, instead of by 
cutting over the whole area of tlie 
surface. 


Chord Pitch ~*The shortest dlstaucn 
between the centres of adjacent 
teeth of gear W’heels. 

Chucking— The attacliment of work 
to lathe chucks or holders. 

Chucking Reamer- A reamer with a 
parallel shank to be held in a self- 
centring chuck. 

Circular Nut —A round nut with holes 
drilled in it for a tommy. Dsed on 
many niuchiiie spindles. 

Circular Pitch — Equals the division 
of the circiimfcretn'e, of the pitch 
lino of a wheel by the iuiml)er (d its 
teeth. 

Clams — The soft loose jaws of vices. 

Clean Cut — A cut surface wiiieh 
smooth and not striated in any way. 

Coarse Feed — A large rclatlvenniount 
of traverse imparted to a cutting to(d. 

Cold Chisel - --A chipping cliisei. 

Collar — A ring encircling a sliaft or 
spindle. 

Cutter — A small loose cutting tool 
lived ill a liar instead of being pro- 
^ idl'd witli u solid shank. 

Cutting Angle - The angle included 
hi'tweeii the tw'o faces ot a cutting 
tool. 

DEAD LEVEL - Absolutely level. 

Dead Size — Work produced to an 
exact dimension. 

Diametral Pitch Equals the nuinhcr 
of teeth in a w'heel to one ineli di tlie 
pit ell diameter. 

Dog A carrier. Jaw of u latlie eiinck. 
Double-threaded Screw -- A screw' 
witli two lielices lialf a piteli apart. 

Draw Filing — Smoothing a surface l»y 
working a tile along it nearly at a right 
angle, and parallitJ witli file work. 

Drawlng-on Pulling wheels over 
llieir axles. 

Drilling Templet A templet of sheet 
or cast metal liaving hole.s in it, as 
guides for drilling by. 

Drip Can - A can containing soapy 
water whieh drips on the points ot a 
cutting tool, so lubricating and keep- 
ing it cool. 

Driven - A wiieel or inilley wliieh is 
actuated by unotlicr. 

Driver - A wheel or ]ailley wliieh 
actuates niiother, or others. An 
afipllunce for rotating lallie work. 

Driving Fit .\ sliaft or l)ush wln'i'h 
tits ill Hiicli a way that liammer hlow.s 
are required to ilrive it into place. 

Drum A wide licit jiulley ; also a 
liolsling Ij.'irrel. 

Drunken Screw - A screw tliread 
wliii'h lias a wavy outline. 

EMERY Used for abrading ami 
polisliing, in tlie form of paper, elotii, 
l»owdei\ and consolidated in tlie form 
of wheels. 

Erecting- The llnal putting togetiier 
of ineelianisms, following the pre- 
paration of tlieir individual sections 
in other departments. 

Even Pitch - Tlie piteli of a serew is ing 
eiit in tlu* lathe is even when it hfis 
tlie same iiumlier of tlireads as tin; 
lead screw', or some alirpiot parts of 
(he same. 

Expanding Mandrel A mandrel 
eapitl)le of sligiit enlargement to 
suit bores of dilh'rcnt sizes. 

External Thread A screw' cut on 
the oiit.side of a cylinder. 

FACING -Turning a ])lanc surface. A 
dctiiiite area standing above tlie gene- 
ral surface of a easting, or forging. 

Fair or Flush — Sigidtles tliat surfaces 
are in one iilane. 

False Key — A key in the form of a pin 
driven into a iiolc drilled half w'ay 
into a spindle and half way info 
tlie bore. 

Feed-^The amomit of traverse of a 
tool, or work, diiring cutting 
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Feed Screw — A screw which impaxto 
. feed to » machine too). 

Fe)nale>~A recessed !4>r internal por- 
tion of a flttinK, as a femaie gauge, 
^ or female screw. 

Fine Feed — A small amount of traverse 
imparted to a tool in a machine. 
Finfshinsr Cut— The removal of the 
last portion of metal from a piece 
of work, being usually a slight 
. amount. 

Flttlnfir — ^The minor adjustments of 
pieces of work previously prepared 
in other departments. 

Flange — An expansion or extension 
on a casting or forging, used as a 
means of attaclimciit with screw bolts. 
Flesh Side — The rough side of leather 
• bolts. 

Following Steady — A travelling 
stay. See hack steadu 
Form, or Former— A tohiplet or guide 
by which a tool is controlled in pro- 
ducing work of irregular outlines. 
Fractional Pitches— In screw cut- 
ting, pitches which are nut aliquot 
parts of the plteh of the lead screw 
of the latiie. 

Frosting — Light scraping «Ionc at 
various aitglcs for good appearance. 
Full — Hlgnilies that a dimension is 
slightly over an absolute dimension. 
Full slze Drawing— One that rcpr<*- 
sents tiie actual dimensions of an 
object. 

Full Thread— A tliread which la cut 
to its proper «lepth. 

QAB THREADS — Screw threads of 
finer pitcii than the VVhitw»trth, uinl 
made in a much srualtcr range of num- 
ber of threads per inch. 

Gauging — Measuring work by methods 
of contact iiistead of by a rule. 
Gears —Any arrangements l‘(»r the pro- 
duction of motltin, as belts, toothed 
wheels, valve mo(i(»ns, etc. 

Gear Wheels— Tootlied wdieels. 

Glut — A block by which pressure is 
imparted, or by which wear is taken 
up, or a false key. 

Grain Side — The smooth side of 
leatlier belting. 

Grinding— -Usually understood as that 
done, oil einery-wdieel grinding ina- 
ohines with precision moveinents. 
Grindstone — Used chiefly for griinliiig 
outting tools with single edges. 
Gromet — A washer made of spun yarn, 
in the form of a ring, used in making 
water-tight joints imde.r Imltheads. 
HACKINQ — Truing a grindstone witli 
a clusel-like hammer. 

Hard Metal — Metal winch is tooled 
with dltlieulty. 

Heating — The rise in tenuieratnre 
of journals and their hearings, dne 
to inDullicient lubriration. 

Heavy Cut -.A deep cut, eombined 
with tt coarse feed. 

High-speed Tools — Tools of self- 
hardening steel that cut rapidly, ami 
which are not injured wJien working 
at a high temperature. 

Honing — Imparting a fine edge to a 
cutting tool on a hone nr oil stone, 
sulisequent to grinding. 

Hub — A boss. 

Hunting Cog — An extra ti^oth in one 
gear wlicel of a pair, to prevent the 
same teeth coming together regu- 
larly into engagement. 

IDLER or IDLE WHEEL — One 

which changes the direction of motion 
or fills a space, without affecting 
velocity ratios. 

In Gear — Toothed wheels having their 
teeth Intimately engaged arc In gear. 
In Line — Signifies numerous centres 
or facings in one horizontal plane. 
Insertion — Sheets inserted between 
flanges to render metallic joints 
steam tight. 

Interchangeable— The fitting of iden< 
ttcai parts as they leave machines, 
. without any correction by hand: 


JAOKINQ UR-*The IlfUng and ad- 
justiDg heavy work through small 
distances by the erectors. 

Jam Nut— A lock nut. 

Jenny — A shenrt crowbar, or pinch bar. 

KEYINQ UP — Securing wheels and 
pulleys to their axles by the inser* 
lion of Keys. 

Key Bed, or Key Seat— The groove 
formed for the recddlon of a key. 

Keywaying — Cutting keyways. 

Kink -—An abrupt bead or angle in a 
piece of metal. 

LAQQINQ — Covering engine cylinders 
with a casing of sheet metal, or of 
strips of w(H)d. 

Lap — A body of lead, tin, or wood* 
cliarged witli emery powder. 

Lapping — (Grinding and polisliing by 
means r>f a lap. 

Lath — A strip of wood used for taking 
a dimension. 

Lathe Dog - A carrier. 

Lathe Work — The w'ork of tlie turnery. 

Lead Hammer — Used for Imnimering 
pollHlicd metal wltliout bruising it. 

Lead Screw — The lathe screw, the 
plteh of whieli is the first factor in 
screw cutting. 

Left Hand — Relates to the direction of 
some screw threads, of spirals of drills, 
iiiid of iicnding in single-edged tools. 

Light Cut - The removal of a small 
(luantlty of metal in a rnaeliine. 

Lining Off, or Lining Out Marking 
tlie wiirkiiig lines on castings and 
forgings iis a guide for tlie iuruers 
and machinists. 

Live Spindle — A spindle whieli rotates. 
Mpeeitieally the spindle of a lutiie 
driving lieadstock. 

Loose Centres— Machine cent res. 

MACHINE TOOL— A macliine by 
which cutting tools are operated by 
l»ow<‘r. 

Machining — Cutting metal by the 
aid of machine tools of all kinds. 

Main - The prineiiial element, as main 
belt, main pulley, main screw, «*te. 

Male — An external element, as a male 
gauge, male screw. 

Mandrel, or Mandril A spindle on 
whiib bored work is carried for turn- 
ing. Alsoaiu/rftor. The lathe spindle. 

Marking Off -The same as off. 

Marking-off Table — A cast-iron 
table, on wdiirb work is marked out. 

Milling -.Shaping metal witli inilliiig 
cutters. Knurling the iieads of 
screws. 

Multiple Cutting — Macliine opera- 
tions employing several tools siniul- 
taiieonsly. 

NOSE -The front end of a spindle or 
mandrel. 

OIL FEED -The means adopted for 
feeding oil to bearings. 

Oil Grooves - ti'rooves luit in tlie fares 
of journal lieariiigs to distribute tlie 
oil over tlie journal surface. 

Out of Gear TtMitlicd gears having 
tlielr teeth disengaged. 

Out of Truth — Denotes a eondit-lon of 
inaccuracy in work. 

Over Alb A dimension wliicli is tln^ 
sum of numerous smaller dimen- 
sions ill oue plane. 

PICKLINQ- Iminersiiig castings in 
dilyte suiphiiric and nitric acids to 
remove scale previous to machining. 

Pitch' -^Tlie distance between centres 
of adjacent wheel tcetli measured 
on the pitch line. 

Pitch Chain Chain composed of 

flat links. Used for niucli macliine 
driving. 

Pitch Line — Corresiwnds with the 
velocity lines of toothed wheels. 

Plumb — Truly vertical. 

Poker Filing— Draw filing. 

Press Fit-— A fitting of parts that 
requires considerable pressure. 

Prising— Turning or moving an object 
with a crowbar. 


RAKIU-The angles of eattiug tools; 
ss front) bottom* or Nfle rake. 

Reamertng— Smoothing and finishing 
drilled holes with reamers. 

Reboplng— Smoothing, with enlarge- 
ment of the bores of cylinders which 
have become inaccurate by wear. 

RechuckIng — Patting work into a 
new position in a lathe chuck to 
present a fresh portion for turning. 

Resetting-Turning a piece of work 
into a new position in a machine to 
present a-fresh portion for tooling. 

Roughing Cut— A first cut taken on 
a casting or forging. It is coarse 
and heavy by comparison with the 
finishing cut. 

Rust Joint — A water-tight Joint made 
between iron and iron. Iron borings 
and sal-ammoiiiac are used. 


8CRAPINQ — A finishing operation 
following filing, or planing. It is 
adopted when very true plane 
surfaces are required, as for machine 
slides. 

Screw Cutting — Generally denotes 
- the cutting of screws in a lathe, 
with a single tool. 

Screwing — The cutting of screws with 
dies In stocks, or In screwing or auto- 
matic macfitnes. 

Scribing— Marking lines with ascriber 
point held in the hand, or in a 
scribing block, or surface gauge. 

Self Acting — Jlclates to automatic 
niovenieiits in macliine tools. 

Sliding Fit — A mutual fitting of 
parts which p«*niiitH of easy sliding, 
but witliout appreciable slackness 
or slop. 

Soapsuds- Soft soap used for tbe 
liilirication of cutting tools. 

Soda — Used in water for the lubrication 
of grinding work L) prevent rusting. 

Solid Tools - 'fools witti slianks, as 
(liRtiiigiiislied from cutters. 

Speeding— Calculating tlie speeds of 
pulleys, gears, and tlielr sizes. 

Sponge Cloths — Used for wiping oil 
from machines and work. 

Straining Line — A line wire strained 
liptween points to obtain a true 
l)lane test, for setting or ehecking 
the alignment of objects. 

Surfacing- The same as facing. 


TAKING UP — Tlic making of adjust- 
ments to compensate for the wear of 
slides and other elements. 

Tapping — Cutting Internal screw 
threads w'it.h screw taps. 

Tapping Hole— A hole drilled to the 
size of the bottom of a screw tliread 
to be. cut in the liole. Also the 
opiTsit Ion of eiitting tlie tliread. 

Templet— A pattern from which a 
piece of work is Uiiedoutor machineil. 

Tommy —A round bar used for Inser- 
tion in the liolcs in circular nuts 
to turn them by. 

Tool Holder— A bar for holding and 
operating loose cutters. 

Transverse Cut — Cutting done .at 
right angles with the .axis of a piece 
of w'ork. 

Truth — Accuracy in machining and 
fitting. 

Turning -Includes tlie production of 
all plain external cylindrical surfaces, 
and plane faces in lathes of all 
kinds. 

Turnings — The shavings and com- 
minuted chips removed In latlies. 
Turret Work — A 11 work done in turret 
lathes and automatics. 


VEE8, VEE STRIPa— Angular strips 
by which adjustments are effected 
to compensate for wear. 


WIRE EDGE— The sUglit arris which 
is turned over in sharpening a cut- 
ting tool. 

Work— Commonly used as a noun, to 
denote any piece on which opera- 
tions are being performed. 
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By HERBERT J. 
EVOLUTION 

V 106. The process of forming a power of a 
given quantity is called I n vol ut iou . The reversi; 
of this — the operation of finding a root of a 
quantity — ib called evolution. 

It is clear that there is only one ({uantily 
whicli is equal to, say, the third power of 2 ; 
namely, 2*\ or H. But, on the otlier hand, there 
are three cAihe roots of 8. 

For, let X denote the c\ihe root of 8, so that 
8 ; 
or 

a:’‘-8= i). 

Then {x-2) (x- f 2.r -i 4) - 0, fmm which we 
find — 2, or 2.*’ -H 4— 0. The roots of 
this latter equation are imwjhmnj. [Sec 
Article 98.] Their values are 
-2 ± s' - 12 


Thus, one cuho root of 8 is reul.^ the other 
two are hniujinoni. 

We cannot then, shictly, speak of the /tth 
root of a given expression. But we may take 
the following as our definition : If an ex- 
pression, w luni raised to the nth jiower, becomes 
0 (£ual to a given exprcission, it is called an alh 
root of the given expr<*s.sion. 

107. The Jith power of a monomial expression 
is obtained by multiplying the index of each of 
its factors by ?i. For 

(a'Y “ a* .a\ (/.' . ... to ii factois, 
and each of these n factors, <<*, consists of 
letters multiplied together, so (hat altogetliei’ 
we have 

. a . « . a . to n.v factors -- ((."*, 

Similarly, we see that 

— o"*' . h'"> . c”*. ... 

It follows, conversely, that to obtain an ath 
root of a monomial expression we must (tn‘ntr 
the index of each factor of the t*xpicssiou by n. 

Examples. One value of 

One value of 

is rrh'b 

SQUARE ROOT OF A MULTI- 
NOMIAL 

108 In Article 32 we saw that the square of 
a binomial is made u}> of tln^ sfpiare of each of 
the terms and twice the product of the terms. 
Thus 

{x ± fl)“ ~ ± 2«.r h n-. 

Conversely, we obtain the square root of a 
trinomial 'irhiclfi is a vomj^ete .^juare as follows ; 
Arrange the expression in either ascending or 
descending powers of some letter, take the 
square root of the first term and of the third 
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term, and jdace l>etween them the, sign of the 
inidiUe term of the trimnnial. 

Kxauqde 1. Write down (he S(iUare i*oi‘t of 
12rdr-l- 4M. 

The ex}nession is already arranged in deseciul- 
ing j)ow'ers of a. The s«piare root of (he lirst 
term is ± .‘Iff, and of tlni third term is ± 2I>“. 
Hence the square root of Ilie trinomial is 
± 3ff ± 2//", or ± (3n -I* 2tr). 

Although, as we have ])ointed out, there are 
two square roots of an expression, we gem'rally 
consider only tint rof>t whoso fir.st term is posi- 
tive. Thus, the square root in Examples 1 
w’ould la? .‘»n 1 2//-\ 

Exajnple 2. Find (lie s<iuave rof>t of 
.‘.r’jr 4 Hy'i/h 

Arranging in dt‘S(;ending p(»\\ers cd r, wo 
have 

'h J/A 

The s(|uai‘(* root of (lie first tei'in is Ha*-//, 
and of the tliivd is .V//‘ ; the sign of tln^ muldlo 
teriuis“. Hence (lie refpnred square root is 
HF-iz-.i/r. 

109. if a. uniK inomial contains only two 
powers of .‘'Oiiie particular letter, \v(j can find 
the squai(‘ root in the same way. 

Fxa\n])lc. Find llic square root of 

4f/'-’ <*■“ — i'ibn — 4f'f(. + J 2((h. 

^I’ho expression involves a in two powiTS oidy, 
(he lirst and (he second. Arranging in powers 
of a we havi’ 

4a- 4- 4a (.’!/> — r) -1- i^b‘- — (l/yc -f c- ; 
or 

4fr I- 4ff G>/» — <■) 4- {‘lb - f)-. 

The re(piired scpiare root is therdore 
2a 1- {^Ib - (•), V.C., 2f< -1 lb - c. 

Thu«, however many terms an expicssion has, 
we e^in irrHv (burn sfiiinra root tnj iiLSi)ertiony 
provided that the expression involve.s some 
l)artieidar letter in two powers oidy. 

110 To jind the square root of any algo- 
Inaical ex[)r(‘ssiori we use (he same principle 
fis in Arithmetic [page 14)’.t>, Ai'ticle 142] ; that 
is, from t he givi'U expression wt; first .snl)tracb 
(he squ;iit‘ of a iMt)noiMial, tiieii \\0. cfunplele 
(he .subtract ion of the sfjujua* of a hinominl 
whose lirsi, ttnan is (he (t;rm already^ used. 
Next wc coin]>lc(.c (Iu‘ subtrae.fion of the square 
of the trinoniiai «»f w liich t lie lu st two terms form 
the hinoniial alreufly used. And so on, until 
there is no reniaiii<(er. Tlui i*equired square 
root is the <5Xj)ression w’hose square we have 
subtracted from tlie given exiwession. Now 
{a 4 b)- a- H- 2a b \- b'^ ~ 4- b {2a 4 h). 

'Hiei fdoie, in order to subtract (ft 4 h)'\ we 
first su})t:fict ff“, and then subtract the product 

:hii 
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of {2'i -h h) ami 6. It i» now dent tliat, given 
a* + 2u6 -f we can find the terms a and b of 
ilto square root. Thus 

2a6-4- 6^(a+ b 



2a 4- 6) ■■“ ■2a6f62 
2ab-{ - h'^ 

Explanation, The squaie root, a, of tlie 4. 
first term gives the first term of the required 
i>,quare root. Subtiact the square of u, and 
the remainder is 2nb 4-6% To get the .secoml 
term of the root we take twice the t(‘rm already 
found, i.e^ 2a, and divide it into the first term, 
2o6, of the remainder. Tliis gives 6 for the 
second of the square root. Adding this to the 
2a, we get 2a 4- 6, the expression we luue sh<»\\n 
had to be multiplied by 6 and subti acted from 
the remainder, in ohler to complete the sub- 
traetion of (a +- 6)-. On subti acting (2a 4 6) 
multiplied by 6, we liave n<j ivmainder, so that 
a 4- 6 is the squaic root of tlie ex[uessioii 

4“ 2fi6 'f bK 

111. We shall now apply tlie metliod to one 
or two examples. 

Example 1. Find the sipiare njot of 
a‘*-(U*'4- llj:“-(ir4- 1. 

First see that the expression is arranged in 
ascending or descending powers of .u. 


this is so will be seen in the section On Indices. 
Tlie wopk-jp the same as for Example 1. 

4*4 x‘ x*\ x> iLL 

1) -4x‘-7 

-4..'+l 

-*.)■ -«+V‘ 

4 . 4 


4.1;*- 

;*-2 


-84- 


x‘* • 

Notice I hat i( is not nccess;iry to write down 
errtif term of the remainder at each sfiige, as 
was done in Example 1. 

EXAMPLES 31 

Find the sipiaro roots of 

1. a*~2ah f- 4ac -f b'-ibr -f 4f’‘-. 

2. a*4-2a6.> ^ {b‘‘ - 4ar) x‘ - 4brx'^ A 4c"X*. 

3. f a;'_ 2r- _2x j| 

:l(> 9 9 8 

4. 1 2.r'‘ - 4x^ -f 9 - t>.r -f l- 4^’. 

5. x*-2x‘i/ I f 4</h 

6 . 1 4x>--*. 


FRACTIONAL AND NEGATIVE 
INDICES 


.r’-<).r‘ 4- llr- — (>.r \ l(.r’ — 8.r h 1 .Iwn. 



2aj- — 8.r) — (ij-* -f 11 r ' - r»,c -h I 

_9r- _ 

2.r*-().r4* 1) 2r--fi.r h 1 

2j“-(ir } 1 


112. l’pt«> Uie present, any intfp.r we have 
nsi‘d has been a })o.sitivo wliole number. For, 
fiom tli(‘ (lefinition, tlio index shows the 
iiiimlxw td lettiTs which are multiplied to- 
gether to giv(‘ some particular p«»wer. 

It is now ne<‘(‘ssaiy to extend the meaning 
of a" so as to include values of n wdiich art* 


Explanation. The square u)ot t)f x* is r*. 
'rhis is the fiist term of the answer. Subtract 
the square of x- from the given expre.ssion. 
The remainder is- ().c* I- llx--().r 1 1. Double 
x'“, the term already found ; this gives 2.r“. The 
seeoiid term of the root is found by tliMtling 
2x- into - 0.r*, the first term of the rcmanulcr. 
Hence the s(3eond term of the root is-8x. Put 

— 8x in the answer, and alst) write -8x after 
the 2.r‘^ in the divisor. Miilti])ly 2.r--8x by 

— 8x, and subtract. We have now eomph‘ted 
the subtraction of (x‘--.*3x)-. "I'lie remainder is 
2.r*-t>-|- J. 

Repeal the process; that is, donide .r-- 8r, 
the part of the root already found. I’his gi\e.s 
2a;* — fix, and <m dividing the fii>t term of the 
remainder, cr.., 2r*, by t lie first term of 2.r-’ — tu', 
wo get I for the third term of the root. Write 
1 in the answer, and also after 2.r* — fix in the 
divisor. Multiply 2.f* - fu- 4 1 by J aii<l 

siildract. This completes the snbtiaction of 
(.r* — -h l)% Tliore is now no rcmaindei*. 
Hence the* given expression innst }>c equal to 
(.t;*-8.r4- I)-, /.e., its square root is .r-’-8.t;4* 1. 

Example 2. Find the square root of 

4a* 4- \-7. 

The expivssion' arranged in de.sceiiding powers 


oil her fraction.il or negativt*. 

Now, wlu‘n Ht and a arc* positive integers, we 
know that 

a'" - a . a , a . a . ... t(» tti faclois, 

and 

a" a . <t . (I . a .... io n factors. 
Thcicfoic, 

a'" X a ' ~ (a . a . a . ...to nt factors) x{a.a.a. 
...to a factors) 
a . if . a . ... to (a# -f- a) factors 
a'" ' 

This is tin* fundamental index law. 

It follows that 

a' ‘ X a" X (O’ <!'" " X (O’ — a"' " ‘ 

and so on, liowever many powers of a may be 
multiplied together. Again, 

(f/'")" a»' . ff’»* . a" .... to a factors 

- ‘ ])y what has just 

b(‘en pn)ved, 

— a’"”. 

Also 

(a6)"' rt6 xabxnb ...to m factors 
-- (a . a . a . ... to m factors) 

X (6 . 6 . 6 . . . . t<^ at factors) ; since the 
factors of a product iiiay be taken 
ill any order 
a»* X 6"\ 


of X is 4.1;* - 4x^ - 7 4- 4- The reason that 

a;* X* 


Similarly, 

(a6c... )»*= a"‘x6’'*xc"x ... 


.3412 



llms, the iwUi power of a product is equal to 
the poduct of the mth powers of the factors. 
We have now proved that 


when m and n are fmitive i.ntp<jpr.'i, 

118. In order to find a meaning fiu* rt" when 
n is not a positive integer wo assume that the 
meaning must be such that the fundamental 
index law is alM%ays true, wo assume that 
whatever values m and n may have, the mean- 
ing of a”* and a” is such tliat x a" a^“ 


For example, the meaning of a'* must be sueli 
that 


j j 
a-* X a * X a 


\ 


a 

=(f. 


1 

Hence a" must moan tlu* fpiniitity win so 
cube is a ; a** means 


114. To find a meaning hu' u", where t/t 
and a are positive integers. 

Since we have assumed t hat the in<le\ l;nv is 
always true, W’e must liave 


a " xa*‘ X rt " x . . . t < » n fact ors 

III III, ill 

II II '• loniu 


r - a " -- fl-'". 


Thus, (I is llie quantily which, raised to the 


util power, gives a"*. That is, a'* is the uth 
rooi of a " ; or 


a " \fa'\ 

For e\ani])le, 

rt ‘ --= " 

xnr - . y72i) - 27. 

115. To lind a mcjining for n'\ 
lly tlie iinlex law we know' that 
X a" -■ “ -- (V\ 

Dividing both sides by we get 

r/’— fi”-: — 1. 


Hence, any quantily raisetl to I he power n is 1. 
[See Article 39, page 2151. ] 

116. To tind a moaning for ff“", where n Ii.-es 
any )>ositive value. 

Jiy the index law 

a X a” — ‘ 1. [Art . 115.] 

Therefore, dividing lK»th sides hy rr'*, we have 

a"" = V. 

a“ 


'For example, 

o 1 1 _ 1 ^ 1 _ I _ I 

g:‘; 


117. By assuming that the index law 
a”* X a." sr: u.'" is always true, wx* have fouml that 
a” has an intelbgible meaning, whatever the 
va|pe of n may be. We have now to show' that, 
with these meanings, 
a*'* X a" — ", («"')“ — 

are true for all valuea of m and u, and not 
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merely when m and n are positive integers, as 
in Article 112. 

(A.) To prove that «*'* x — o’" • " for all 
values of lu and n. 

We have already ])roA ed the case in which m 
and n are positive integers. 

Next, let m. cand u la; juKsitivo fractions, ui 

being equal to l\ and n to Thou, 

7 « 

p K. 

a’" X o" -- a'< X a" 

,.s ijr 

= x^/ ■'* 

= ''Vrt"' X [Art 114J 

''Va'" . 

y.v I < 11 - V* , '/'■ V i-'l 

a 0, - t a'' \ 

Again, when u/ anti a are positive, we have 

a X o " - ^ a 

a" a" 

And, if \it is gi(‘ater than a, so that at -u i.s 
positive, we havt* 

a"'-"xa" -- o"*. 

But 

o'" xa " .<( 1 " --- O'" ■■ fi"*. 

Thciefoi e, 

o.'"* " o'" X o 

Finally, if ni is ]<‘ss tJian vq so that in--u is 
negative, 

1 1 1 

X - - 

a a" a" 

by the case just jirovcd ; i.r., 

o'" X a " o'"'" I Art. 116|. 

Thus, wc havi‘ prttvctl that o’" xo"-- a'"*". 

(i.) \N hen m and a- arc positive inti\g(5rs. 

(ii.) When at and tt. art^ ])ositivo fractions, 
(iii.) W hen at and n artj l>oth ntsgtitive. 

(iv.) \\ h(‘n one is posit ivii tind the other 
ni'gtit ivt'. 

ricnce, 

o'" X a" ■- o'" " 

is true for <dl Valut's of m. ;m<l tt. 

Xo’n;. Since t in; hiw is t ruti foi‘ all values <»f 
tlif intlices, we ha,\ c, 

0.'"“" X o" ■ o'"' " " ---■ o'". 

'^riuo'eft Hf, 

o'" : o" - o"' " 

foi‘ all \ allies of ni and tt. 

(B.) "^ro |)i-oV(‘ that (o'")"- O'"" foi* all valui's of 
ill and It. 

First, let n l)t* a. p<»sitivt> intt'giu*. Then, 
irfiiilm r he llir ntlur tif III,, we know^ from ( .\) 
tlial 

(o'")" o'" . o'" . o'" . ... to Ii factors 

- o."'-"""' 

" o'"". 

Ne.\l, lei II be a jjosilivt; fraelion, equtil to 

where p and 7 are posilive integers. Then 
7 

r 

(o \‘{a"r 

-- Vo’"'', since p is a positivti 
integtu’ 

= 0'' ^ a’"". 


;hi;{ 



^ , Again, let n be negative, and equab to-i*, 
^Then 




[Art. 110] 


^ ~ a'"". 

Ketice, (a’")“ " wlmU'VtT values u\ aiul a 
may have. 

(C*) To prove tliat (a 6 )'" = «'"&"* for nil values 

of m. 

The case in whicli m is a ])ositivo integer wa.s 
proved in Article 112. 

• Let m bo a positive fracticni, eriual to 

7 

Then, 

^ («/>)"* - {abY 

\/((iby 

— ''\/a'‘bi‘, Niiicu /) i.s u poKitivo 
integer. 

And, 

(a’" 6 "')'' -- a'"'^ . b“"/^ since 7 is a positive 
integer 

/>•/ /"/ 

^ a'' . b'‘ — ; 

so that 

a"'fy" \^(V‘b‘\ 

Tims, since 

(a 6 )"‘ and are each equal to 
we have 

(aby*^ -- 

Filially, if a^be lUigat ive, equal to - /•, s;iy, then, 

Tlius <'/"*. ba- all 4 

values of m,. " 

118. Having in’ovcd our three :*• > 

forinuUe* for idl values of the \ 

indices, we see that quantities 2 .i '‘ - 7 / - 

involving fractional or negative 
irulice.s can be treated exactly as 
if the indices were positive 2.r'''- I4 + .r ' ) 
inttjgers. 

The following exanqdes illus- 
trate the principles wc; have been investigating. 
Example 1. Find the value f>f 


/.i4y> 

\i 2 r)/ 


( ‘‘‘‘ V ' 

i 12h- ^ 

/12.x>Y 

Vi2r>/ 

tu^ 

V ,(4.'. / 


/ •yi2&y-‘ 

\ (M / 
V 4 / J»i 


Example 2. Simplify 

i^ ly\ 

\x^if \x ^y) 

Given expression 

= (X •* (-.Oi, 2 - 1)3 

=:(x-Vr‘-«^(xV’y 


3414 


3 ^/ Ans, 


After A little practice wcaH oMl all the in^ 
termediate steps, and write tfowii the indioes of 
X and y at once. We have only to remember 
that to multiidy two powers of x we add the 
indices, to divide two powers we subtract the 
indices, and to laise a power to a power we 
mnlti^y the indices. Tlio entire working would 
Hpjiear as follows : 

Given expression 

X’y^ 

Exjimple 3. MuUijdy 

, X* - X b/‘‘ -h by 

, 11 ’ j , 

4-j/ 

i.* 1 ‘“1 -* 

X - x'Py ^ 4- .r by i 
1 1* j 

_±iJ 

X +j / ^4 as. 

Arrange tlie work as in ordinary multiplica- 
tion. First multi] )ly by :rh We have 


and so on. 

Fxample 4. Find tlic sqiitu'e root of 
- 14, r^ -I- 401 2/ ^ - 14X--1 t x 

’Pile ex|)ression is already avrangtsl in descend- 
ing powers of X . PiocismI as in Article 111, 
renuMiibering that to get the square root of a 
power of X we must /wf/rc the index, so tliat the 

square root of r-' is x‘‘, and so on. 

I4x^ t 4!t + 2.i; ‘-Ux i + x--(»;-*-7-f-..tr' /Ims. 


l4x=> + 4!) 
l4x'> + 4!» 

2x -'‘-Mx ’ ■fx-''* 

2x '^- I4x '+x “ 

EXAMPLES 32 

Find Iho vnluo of 

1. 27 *. 3. 8 

2. 0 4. ( 

Siiiqjlify 

5 . 6. 

7. (x* '■)'*x(x« 

• 1^2 1 1 j; 

9. Multijdy 2.r- - 3x- lY 4- y by x+x'^y-^ - y'K 

10. Divide x-\- \ by X'* -f 1. 

11 . Find the square root of 25a?“* - 12x 

4 - 4- 4a;^ - 24x' ^\ 

12 . Find the square root of 4x* + 4x~^ 
4-4a?-=«-7. 

18. Square 
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Answers to Algebra 

Examples 28 


1. 3 or -5. 

2, 5 or 21. 


3. Vor^!}. 


h a a, 3 a/i </ 


^ a a, a a/i </ 

6. i + -1 = ?! ± ^ (“ ,+ f*) ('*'■ - + f?") VI 

_ (a 4- /tf)[(a + 0 - ,‘»a/-i} _ ^^ (//“ - •^U) 

aV’ ■ ■ ' r 

»y a (i_ _ a‘* “ _ (a - /■<) (<1'*' + a, 8 8- ,8- ) 

a“/8- a“74‘ 

~ v' ( g + /8)'' -- 4a/8 . + “ a/^[ 

a‘fi- 

tii 


would get 5<) -f- ( - 'J* ) yurds for the mnio 
\ X C» / 

u . ., no , .» 00a? 

money. Hence, x f .> — , or ar-H ^ -- • - — . 

;»0 r» 00 -.JT 

X (» * 

whence, a: - 12 or - IT). O'heiefore, ho hough?) 
12 yards for oOs., i.c.^ 12 y.avds at 4.s. 2d. por 
yard. 

4. X yards -- the length. Then (a; -5) 
}) y.-irds " breadth. O'lierefcn-e, x {x — r))--* 

(i,7r>0, whence, ;r -- DO yai iis. 

5. If X miles per lumr - iat(‘ of ir.iin, 
2ttD 

then “ ' ‘ nnmher of loans lukon. 


V “ 4. 


”1, //- -O. 

The 

21b. 


+ .1\ ,/ = + 

1 




---• the other. 

ll^ndl2. 

3. Let rr 


number of y.inls. 


“price per yard in shillings. If the price were 
lOd. less, i.e., sliilliiis's por yard, lie 


Siliiilailv, 


numher of hours when 


8. - 4r -f 3 = 0. 

9. Let a, ft be the roots of /“-f q -- 0. 
Then the roots of a:- h pV+v'- I 0 are to he 
o‘- and fti-. 11 (‘lice, by Arli(;le 100 we haVc four 
equations a 4 ft~- />, aft - q, ar 4 ft- - - - //-, 

^ q-. Tlic second and fourth of these arc 
identical, so that we are left with three cijua- 
tions from which to idiminate the two unknown 
quantities a, ft. Now, since a- + ft- (a-! ft)- 
- 2a ft, we have, from the throe equations 
.-.p-r= />2-27, orp'*^ — 7, which is the ta'quiivd 
condition. 

Examples 29 

1. X - 4, y — 2, or .r = 2, y 4. 

2. X -- b, y = W, or x — ~l\y - - 5. 

2 .r=7\ :r ^-7l 

y^ b| y-'. 7 i //- '7/* 


1 , or 


7. X - b, V = 2, or X - , y -- . 

0^0 •*’4 27 

8. X = 4, y ~ o, or x ~ ^ , y ^ ^ . 

Examples 30 

1 . 13andl7. 

2. If X — tin* smaller number, then ,r4- 1 

1 I . . 

the other. Hence, - 4 — “ . giving 


’ .r r4l- 132 ' 
Tberofore the tivo numbers are 


the rate is .r t 1 . This is jb of an liour less than 

the lii-sf time 'I'hi'i efcre, -!i ; 

;»• a:4l !.» 

from wbicli .r - 27 J (*r -2SL Thus the rate is 
27J mihs jicr Inmr. 

6. Let b(‘ tlie proper fraction. Then x. 

must h(^ less than y. Wc*! Ivvvc 1 li(' two equal iom; 
2y — x' -D and y- ^ x- -- 21)1. Henee, by sub- 
traction. - 2// -255 : so that y - 17 or 
-15. Th(' denominator is therefore 17, the 
numerator is ^/34- D, or 5. Hence, the fraction 
is A 

7. I'j acn‘s - 3,470 S(piare yards. JiCtr yards 

— length, //yards - hn'adth. Tli(*n ry 8,470, 
and (.r i 11) (y-7)_ 8,470. Subtract the first 
ecpiation from the s(Ton(l, then 1 1// • lx -71 - 0. 
Find X in tt'rms of // from this, and suhstitut-e in 
xy H.47tb 'Pile solution is 110 yards length, 
77 yards brt'udtli. 

8. Let x h(‘ 11 h‘ smallt‘r uumhfM’. 4'’h(‘n 
(j* 4 ly* x"’ 721, \\h(*iu*o, .r - 15 or — KJ. 
Thus, the' numbers an^ 15 and 15 t 1, f.r., 15 
and 10. 

9. Let X shillings per (loz<*n U* tlai original 

20 

piice, 4’lieii ^ - iinmb(‘r of dozens for £1. 

20 

Siinilarlv. . number ol dozens for £1 when 
- .r 4 2 

the price israi.sed. This is half dozen Jess than in 
^ 2lt 20 I 

former eas(‘. iu'iiei*, , ,, ,, or x- -t 2x 

X X 42 2 

- SO 0. whence, x S or - 10. Required priei* 
therefoi-e is Ss. ])<‘r dozen. 

10. Let X miles per lumr ^low train's raO*. 
Then X t 15 otin'i's rate. 4’li(‘ir times, l-o go 

03 iiiih's, an* liouisand ... Iiours. Her»e(*, 


ero y-.,-Ur. r,0’ 'Vlmm<-..r . .iO,u- - 4.'-.. Ilu, 

lie r<‘quin‘(l rat(*s aic therefore 30 miles per hour 

and 30 4 15, or 45 miles per liour. 

Continued 
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BRANCH AND COST ACCOUNTS 


Profits of Departments and Branches. Branch Books. Maiittfactiirers’ Cost 
Sheets. Stores. Plant. Establishment Expenses. Contractors’ Accounts 


By J. F. 

l^ANY wholesale and retail trading concerns 
liave distinct d<*partmcrits, each w<jrking 
independently of the others. Where this is the 
cose it is necessary for the proprietors to know, 
not only the result of the trading as a whole, 
but also the results of tlic operations of the 
separate departments. The reason for this is 
that while a general profit and loss account 
might show that the whol(‘ business was being 
carried on at a protit, it would not disclose what 
might be the fact — viz., that this was owing to 
one or two departmemis earning g<»od prolits, 
while others were being carried on at a loss. 

Departmental Accounts. A system 
of accounts has, therefore, to be formula ted 
which will show, not only the general n'sult, but 
also the profit or loss on <*ach department. 'Po 
achieve this, a separate trading account for each 
defmrtment must be prepared, and the lM*st 
method of doing this is to so arrange tiu' books 
of original entry that the informal ion required 
for tlie purpose is readily availalile. In a busi* 
ness such as is now being considered, it is usually 
suftieient for the object in view to as<*(‘rtain only 
the gross profit on (*aeh (b'partment, leaving 
gtmeral establi.shment oxp(‘ns(‘s to be debit (‘d to 
a general , profit and loss account. If it is 
desired to arrive at the actual net fu'ofit of each, 
a simple method is to charge the departments 
with a percentage of the gcmeral expense's, sueli 
as rent, rates, ligliting, counting-house' salaries, 
etc., such percentage being based either upon 
the amount of wages fiaid or the amount of 
turnover. 

'I’ho ease of a business Avill he taken having 
four departments — viz.-, mantles, di-ess materials, 
felts, and trimmings. The first stej) is to .so 
arrange the purchases hook that it shows the 
amount of goods bought for ea^'h ilepartmont 
as well as the total. 'J’his object can be attained 
by having separate purchases hooks for each 
department, but it is gem*rally tound more con- 
venient to have on<i book only, ruled in the 
following form, w'ith such inodilioations as may 
ft) required by the particular bu.siness for which 
it is used : 


G. PRICE 

will be respectively posted to the debit of an 
account opened in the general ledger for ea^jh 
department. The salaries and wages book will 
be ruled in such a manner as to show the 
amount paid to the employees in each depart* 
ment separately, or else the book must be 
dissected monthly. Whichever course is adopted 
the amount attributable to each department 
must be posted to the debit of the respective 
departmental accounts. 

Departmental Sales. With regard to 
sales, separate books will be required for cash 
and credit sales, and the method of keeping them 
necessarily dilTers. Tlie cosh sales will be made 
over the counter, and salesmen will be allocated 
to the various departments. Each salesman will 
have his own book, in which he will make out a 
bill for each iransaetion, which may, in some 
instances, ineliidegoods from all the departments. 
The lK)oks will contain the hill forms in duplicate, 
in order that carbon copies may lie taken, 
nio original bill is reei'ipted and handed to the 
(‘ustomer, and the duplicate is sent to the 
cashier. At the end of the day each salesman’s 
<‘ash must agree with the total of his duplicate 
hills in the poss(‘ssion of the cashier. In many 
firms the money ns'cived from tluj customer is 
handed at onec' to the eashier, with the original 
and duplicate bills. Ho receipts the former, 
which is handed to the customer, while the latter 
is retained with the cash. The salesman’s 
duplicates an* entert'd by the eashier in the cash 
.sales book, whic’li is ruled with columns for each 
departrni'nt and for the total. 

If the number of transactions justify it, a 
separate jiagi' will be set apart for each salesman. 
The columns will be totalled daily, and the 
cashier must agree liia total cash received with 
the total of the salt's during the day. At the 
end of th(‘ month the daily totals of the depart- 
mental columns are extracted, and their aggre- 
gates jiosted to the credit of tlic departmental 
accounts in the general ledger. 

1’he credit sales wull be dealt with in tlia same 
manner as in a business where there are no 
departmental accounts, except that the sales 


Date. 

Iiuoico 

No. 


Name. 

Jit Ia(1 
lAilui. 

T<»t.il of 
liuoiee. 

.Mautles. * 

Dress 1 

Materials, j 

FeltH. 

Trimminjfs. 





i 



1 


1 1 
1 1 

1 

1 


! 


’Hie amount of the invoices will bo posted to 
the credit of^ho sellers' accounts in the bought 
ledger in the ordinary way, while the totals of 
tlie coltiiDns relating to the four departments 


books will be ruled with columns for the various 
departments in the same way as in the case of 
the purchases book. The totals of the columns 
will be posted monthly to the credit of the 





accounts 
in tha general ledger, 

6 


ooo 

o 

while fhe separate items 

5 

o o o 

o 

are posted daily to. the 


& 

6,693 

8,700 

2,861 

\a 

debit of eusiomors in 




the sold ledger. 




D.epa rt m ental 


S) 

ooo 

o 

Trading Accounts. 


c 

6 

S 

©oo 

o 

The results of the post- 
ing of the original books 


S8g 

OlO 

o 

a> 

c 

in this manner will be 



r-i'w 

mT 

that separate trading 



• 

o 

accounts for the various 



OOO 

o 

departments will exist 





in the books, while tlio ' 


Pm 

® M 

ci 

trading account of the 





business as a whole can 
be made out in the form 


J£ 

o c o 

coo 

o 

shown here. 




The preparation of 
the trading e.ceount in 

g 

ft's 

O 0.-I 

C C'CI 
!>. kft I '. 

o 

c*? 

this form enables the 

pef 


ooo 

o~ 

proprietor to see at a 

W 

tfj 



glance, not only the 

CQ 

S 




gross profit of the 

W 



o 

71 

whole business, but also 




CC 

that of the separates 

ft 




departments. Tlic re- 

E-i 

Vj 


••C . 


suit is that a failure by 

W 


‘gcTp 


any department to earn 

a 


i4t 


the rate of profit which 

Q 



may reasonably be ex- 





pectod is disclosed. In 





tbe case with which we 

-t} 


CQ 


are dealing it is ap- 



coco 

lo 

parent that there is 





sohietJiing wTong with 

w 

’«3 



the felts department. 

H 

H 

t- IC c Cl 
-♦<<C C M* 

f 

»o 

The mischief is in either 

O 


rc- ec r-i Oi 

71 

<x!' 

the stock, purchases, or 
sales. Stock may have 





H 

1 

c oo c 

o 

been taken too high at 


o c o o 

o 

the end of the last 

C 

I 

Ift X C r- 

o 

trading period, or t oo 


•s 

M- 71 O 

Cl 

o 

low now. If it is 


H 

cT 

-f' 

neither of these thing.s. 

y. 


o c c o 

o 

then the department 

5 


oo o c 


may have been buying 


'3 



too dear, or selling too 

H 

Pm 

oc 8 * 

71 

T 

cheap. The system of 




accounts has done its 



coco 

- 

duty and disclosed the 
existence of the defect. 


*1 

coco 


It is for the proprietor 



M* o o 

X o c flc 

a 

to discover the causes 




75 

and the remedy. 



-'-'CO. 


Branch Accounts. 


t 



The reason which ren- 



O C O’ o 

c 

ders the kexsping of' 



! c coo 

00 O C M* 

o 

71 

departmental accounts 
desirabje applies with 


1 ci^ot 40 

o 

00 




\ 4ml ■ • • 


even greater force to 



^ ' 


Branch accounts. It 



CQ ^ O 


scarcely needs stating 





that the jproprietor of a j 
business ‘with several 

1.4 

ft 


III! 


branches requires to 

H 


5 s a 5 


know the mult of the 



H 



trading at each of them. Tlie inethbds of 
keeping the acconnta of branches differ according 
to the requirements of the business ; but there 
are general principles which can be observ<?fl 
in every case. Let us assume that a branch 
has been opened and a manager installed. A 
quantity of goods, and a supply of cash for 
petty expenses, are sent by the head office to 
the brancli, where a set of books will be kept 
in whieli entries A\ill be made recording those 
facts. The goods and cash accounts in the 
branch ledger will, be dt*biU^d with the vabuj 
receiv^ed, and an account opened for the lu‘ad 
office will be credited. All goods and ensh 
receive<l from the head office dufiiig the year 
will be similarly treated; while, if the manager 
is authorised to purchase goods liimself for the 
branch, he will debit goods account with the 
amount purchased and (‘redit the sellers. 

Branch and Head Office Returns. 
All the cash received for sales must be banked 
<laily, and weekly returns of all business done 
sent to the head olllict^ cv(‘ry Monday morning. 
If sales arc allowt'd on cndil, details must bo 
furnished to the lu‘ad oflico, as it is usual for 
accounts to b(‘ rendered fiom there. If cash is 
received by the bead office fi’oni branch debtiu’s, 
the branch must be notiti(‘d in order that the 
amounts received may he credited to the cus- 
tomers, the head office, of courHc, being debited 
with the amounts as the receipt of them is 
notified. Paymiaits to (‘nditors for goods sup- 
plied to th(^ branch direct will jirobably be rare, 
and will, as a rule, be made by the bead t>ffiee. 
I’liis will rendei- n(*eessary entries in (be branch 
ledger, debiting tin* creditors wilh the amounts 
they receive, and crediting li(‘ad office aceount 
with (bo amount paid for the braneb. 'Pbe rcvsnlt 
will be that tlic head office is ereflitod with all 
goods and cash supplit'd to tlu^ braneli, and with 
payments mach^ on its behalf, while it is debilecl 
with all cash jiaiil into the: bank, and with all 
amounts reei'ived from (h'btors for goods sup- 
})lie(l by the braneb. 

Head Office Entries. In the head office 
books the entries uill be tin* revers(! of those 
ill the branch k'clger. All goods and oiish 
sujiplied will be d(‘bit(‘d to an account opened 
in tin* name of tin* brfi.neb, llu' cash and goods 
aeeounls, of course, being credited. Any goods 
retunuid by the br.ineh will b(^ debited to goods 
and credited to the branch. PajuKaits made 
for the branch will In* debited to the branch 
office account and ert‘ditetl to cash, wliile amounts 
received by the head office* for the branch will 
be debiti'd to (‘ash and eredit(*d to the bramdi 
account . 

At the end of the tiading y(‘ar a trial fialancc 
of the branch ledger will ho pr(‘pared by the 
manager. It will contain in tlu* debit column 
the balances of wag(*s, jiurehases, discounts, 
easli and any expenses accounts, as well as the 
customers’ balances ; wJiilo on the credit side 
will app(*ar sal(*s and creditors’ balances. The 
halancti of the head office account Avill also appear 
in one of the columns, lliis trial balance will 
bc 5 sent to the head office, and, if the balance of 
the head office account shown therein agrees 
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1 Dr. 

HEAD OFFICE ACCOUNT IN BRANCH OFFXeK LBDOBR . 

Or. 1 






1906. 





Jan. to 

To Casli paid in by Branch 

1.460 

0 

0 

Jan. 1 

By Goods supplied . . . ; 

200 

0 

0 

Doc. 

„ do. recoivod from Branch 





. „ Cash for expenses 

25 

0 

0 


debtoi*s 

680 

0 

0 

Jan. to 

„ Goods supplied 

1,100 

0 

0 

Doc. 31 

„ DebtorH on liooks 




Deo. 

,, Cash for petty expenses 

260 

0 

0 


200 0 0 





„ do. for rent, rates, etc. 





,, Slock on hand 





of Brandi 

200 

0 

0 


180 0 0 





„ do. paid to creditor of 





Odsh do. 10 0 0 





Brandi 

30 

0 

0 



.300 

0 

0 

Doo. 3 1 

,, Profit as per trading 










account 

626 

0 

0 


£ 

2.430 

0 

0 


£ 

2,430 

0 

0 






1906. 










Jan. 1 

By balance, b/d 

390 

0 

0 


Dr. 

B1<AX(!H OFFUMC ACCOUNT TN HKAD OFFICE LEDGER 


Or 


1006. 





; 1905. 





Jnn. 1 to 

To Goods .sii|)|)lie<l. . 

1.300 

0 

0 

; Jan. to 

By Cush paid in by Bran(*h 

1.460 

0 

0 

Dec. 31 

,, Casli for oxpeiisos 

275 

0 

0 

i Dec. 

,, do. received from 





,, do. ]juid t.o creditors 





Branch debtors 

680 

0 

0 


for rout, etc. . . 

230 

0 

0 

! Dec. 31 

„ Flouting assets on hand 

390 

0. 

0 

Dec. 31 

,, Profit as ])or Brniieli 










trading a/o 

625 

0 

0 







£ 

2.430 

0 

0 

li 

£ 

2,430 

0 

0 

1006. 










Jan. 1 1 

[ To bulaiioc, b/d . . . . | 

390 

0 

0 1 







Avith the balanoo of tlie l)ranc*li aercoimt as 
appearing in Uh* lH‘ad oflice ledger, a trading 
aceount of the branch will be pr(‘pa,red and the 
balaiKM? thereof transferrcMl to the h(‘ad oOiet^ 
account in the branch ledger. If the result is 
a profit, it .will be entered on the er<*dit side of 
the account ; if a loss, on the debit side. 

The reason for the agreement of tlie two 
accounts in tlie r(\S])eetive books should be 
apparent, but. in order to r.'. dvc th<* matter (piite 
clear the summarised accounts are given on the 
next page. 

If there are any fixed assets of the branch, 
such as lease, fixtures, furniture, ete., they are 
not included in the branch ledger, hut are 
debited to their rospoetive accounts in thehojul 
office ledger. When the balance -sheet of the 
hu.sine.ss as a whole i.s [)repared, they are inelmh'd 
tJiorein witu other assets of a like nature. The 
floating assets of thebran<h, consisting of di btors’ 
stock and cash, are also incorporated with 
similar assets belonging to the lu'ad office and 
to other branches, and are brought into the' 
general balan(!C-shet‘t instead of being shown 
as a debit balance owing by the hraneli to the 
head office. 

Cost Accounts. ft is neee.s.saiy in all 
businesses having for their object the manufacture 
or production of commodities that there shall 
be an efficient system of accounts enal)ling the 
proprietor to arrive at the cost of tfie article 
produced. The main cause from which this 
necessity arises is that the manufacturer must 
know thi^ cost of what he produces in order that 
he may fix a price at which to sell, or to give 
an estimate tor a contract for similar work in 
future. There are two principal classes of 
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undertaking in which a .sj-^item of cost accounts 
is of the utmost importama* — n'z.^ (1) those 
engag(^d in tlie production of a particular 
arti(‘fe, colli(u*i<‘s, ironworks, brickworks, 

etc. ; (2) lho.se in which tlie business consists of 
the carrying out of a definite piece of work, 
known as a contract, wher(‘ knowdedge of the 
actual cost of each contract is required. 

I^Vu’ botli elass(‘s of undertaking the general 
f)rineiplcs to lx* observed Jirc the same, and con- 
sist of the ean'ful .subdivision of the various 
h(‘ads over which the cost of performing the 
work is spri'ad. In both kinds of )>usine.ss the 
cost of the linished article or of the eontract is 
made up of (1) materials, (2) labour, (3) general 
expenses necessarily iiuuirred in carrying on the 
biisine.ss, including wear and tear of machinery 
and plant in producing tln^ artiek* or executing 
tlie eontract. Tlie records to bi* kept in order 
to obtain the desired result neces.sarily vary in 
different businesses. Tn a manufactuVing con- 
cern, wherii one class of ai tiele is produced, the 
cost aeiamnt is in the* nature of the debit side of 
a t rading account for a limited jieriod, frequently 
a week or a month ; while in the case of a con- 
tra(^tor a separate cost account is kept for each 
<‘ontraet undertaken. In the former class, 
however, the items are more highly classified 
than in the trading account of an ordinary 
business. 

Manufacturing Cost. The w'ages paid 
are analysed over ►the different classes of work- 
men or ae(?ording to the various stages of the 
work, and the eo.st of supervision ditoctly 
attributable to the performance of the work 
is also included. The materials and stores 
used are charged at cost, and a charge is also 
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«aa4^;|pr \i^hat may termed Indirect Expenses, 
dr> a^ they are usually called. Establishment 
Bixpense^. Ihefiie consist of the depreciation 
naturally arising from the continual using of 
the machinery and plant in the production of 
the article, and also of the cost of upkeep of the 
business apart from the direct cost of manufacs 
ture or production. They include rent, rates and 
taxes of the factory and workshop, the salaries 
of the factory managers, and the coat of motive 
power. Many businesses draw a line liere, while 
others add general office exjM'nses, disecuinta, 
bad debts, commissions, etc., before arriving at 
a figure which is deemed to be the coat. 

In this class of buainess tliis periodical sum- 
mary is generally called a cod fiheet, and giv(\s 
a comparison between tlu^ current month and 
the preceding one. In the case of collieries, 
brickworks, etc., a statement is added sliowing 
the cost per unit during the month . In a colliery 
the unit is the ton, in a brickworks, 1 ,000 bricks. 
Cost accounts or sheets on somewhat similar 
lines, but of a more elaborate nature, are also 
prepared in the case of tramway, gas, water, 
electric light and railway com panics for the pur- 
pose of ascertaining tlie cost per unit. 

For the purpose of making the figures requirt‘d 
for the final cost account or siiinmai-y easily 
obtainable, the subsidiary books must be suitably 
ruled. The wag(^s book is kept in tabular form, 
and shows not only the amounts paid weekly 
for thP different classes of labour, Init also tbe 
amount whicli is attributable to each contract 
or department. C^are must bi^ taken to ensure 
that the amounts charged in the varioiis cost 
sheets or contract accounts ’agree in total with 
the amount actually paid. It will soTnctimt‘s 
be found that the wlioli^ of Ihc wages paid cannot 
be allocated over the various processes or jobs. 
In such a case the biblance of wages must be 
regarded as part of tlu^ general cstcJjlishim nt 
expenses. 

Stores. The detail which, as a rule, gives 
more trouble than any other in connection 
with cost accounts is that of stores— ?,e., 
materials used in the process of m an u fact. ire 
of which a certain stock is k<*pt on liand. The 
cause of the trouble is the difficulty in agreeing 
the amount of stores on hand at any time with 
the amount that sliould be there, having n^gard 
to the purchases and the amount used a<*cordiiig 
to the cost sheets. The d(*fieiency is to some 


extent caused by waste, for it is impossible to 
take most kinds of stores into stock in bulk, and 
hand it out in small quantities without some 
shrinkage. But the chief danger is from leakage 
by pilfering, and to guard against it several 
devices have been adopted. One in very general 
use is that stores are only handed out by the 
storekeeper upon written requisitions signed by 
jjroperly authorised persons. The requisitions 
state tlie purpose or contract for which ine stores 
are required, and after the demand has been 
complied with they arti sent by the storekeeper 
to the counting house, where the stores are 
charged out in accordance ^v^th the particulars 
given on the requisition. 

I’lie best way of ensuring that this is accurately 
done is to have a summary of the stores issued 
during a given period prepared in columnai form. 
The columns are headed with the name or num- 
ber of the department, or contract, for which the 
stores are required, and at the end of the week 
or month flu? total of each column is posted to the 
debit of the cost, account indicated. The stores 
are priced out at cost, and this step should bo 
carefully checked, as improper pricing might 
open the door to consid(?rablc fraud. For this 
reason the pricing is bettor left to tlic counting- 
house staff than to anybody handling the stores. 

Stores Accounts. In some establishments 
stores accounts of a more or less (jlaborate design 
arc kept, showing both quantities and pri(;es of 
stores received and issu(;d. Where these are 
accurately kef)t — and there is no reason why, 
with care, they should not be — they an.* of eon- 
siderable value in operating as a chock upon 
tbe stores in hand. Even when the accounts 
under this system are properly kept, there will bo 
dittVrcnc.cs, but tluy should be small in amount. 
If any great dis(?repancy were discovered be- 
tween the stores ap})earing by the accounts to 
be in hand, and those ac tually in stock, as ascer- 
tained by stocktaking, searching inquiries would 
b(* made to ascertain the cause*. 

,\ny stores not required for the purpose for 
Avhicl) tbf*y wen? issued an* returnc'd into stock, 
with a nolo of their quantity and the job from 
wJiich they are returned. Separate accounts 
will, of course, be required for the various kinds 
of stores, and as it will be of assistance to the 
student in the proper understanding of the 
subject, a specimen ruling for an account is given 
hereunder : 
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RECEIVED 







ISSl’EI) 







(juant.it.v. 




•*..2 

Contiai-t 

t^nanrity. 

b. 




From whom 
obtaiiitHl. 



— 

s 

.Si 


Dati*. 

P'B 

or 

Deiuirt,- 


— 

— 






I'ihyd 

lOhy S 

2{) by 9 

b. 

d. 



z ' mniL 

12 by 6 

I()b.\h20by0 





















Brought 

6,0(5o 

% 




•Ian. S 

.613 

No. . 3.6 . . 

.3,000 



40/- 



j 

forward 



40/. 

]0 0 0 

16 

.646 

,, 27 . . 



4,CKX) 

76/. 1 




do. 




,60/- 

10 0 0 











do. 



6,000 

7,6/. 

22 10 0 










68 

A. B. &Co. 

15,000 



40/. 

so 0 0 










68 

do. 



■[onioi 

76/. 

87 10 0 










16 

Cont:^ 18 
















returns. . 


660 


60/. 

1 12 6 
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Most large contracts require that special materials shall be 
purchased for tliem. These materials do not pass through 
the stores accounts, but are charged to the contract accounts 
direct from the purchases book. 

Plant. In the case of a contractor, the plant used on 
the works in progress will be dealt with in a similar manner 
to the stores, so far as charging it out to contracts or 
departments is concerned ; but it is not so usual to keep 
plant accounts as store accounts. A good method of 
recording the movements of plant is that mentioned above 
in connection with stores, by whit^h it is only issued against 
proper requisitions, which are summarised periodically, and 
the totals charged out to the difT(Tent jobs whore the i)lant 
is being employexl. In regai-d to plant, a point arises which 
also affects stores to a limited extent. When plant has been 
in use for perhaps sevt'ral montlis on a contra(;t, avIkm’c it 
has been exposed to the weather, it naturally d(‘t.eriorates in 
value, and is not worth as much wlum returned as it was 
when issued.* The depreciation in value is made to fall against 
the contract by the plant being credited to the contract 
account at a lower rate than that at which it was originally 
c'harged. It thus goes back into stock at its diminished 
value. 

Contract Accounts. It is eonvenieiit to kec]) the 
accounts of contracts in tabular form, in order that the 
expenditure under the various ht'ads may easily be ascertained 
at any time. The biddings will vary aetiording to the 
nature of the business, and that given on this page is a useful 
form in the case of a builder. 

When the contract is eom[)leted, the account is elo.sed, as 
shown, by crediting the amount due fiom the person for 
whom the w^ork has been (ra-rried out, and also tin* then 
value of any ])lant and stores returned. Tlu' difference 
betw'cen the two sides of the account is obviously the profit or 
loss upon the contract. Tlu; debit to the t)wner of the work is 
show/i on an account in a ledger known as the contract l<‘dgc‘r. 

Tliis ledger, being used for ke(‘ping tJie accounts of persons 
for whom work is being dom^, and who are, therefore, indebt <‘d 
to the business, it would luvturally be supposed that tlie 
balances tlwrein were debit balances. Tt usually liap])ens, 
however, that payiiu'nts on account of the w'ork an* imide 
by the owners during the progress of the contract. Wh(‘n 
tills is the case, the amounts n'ceived arc^ debited to cask ami 
eredited to the ))ayer in ordinary course. As the owners of 
the various wnrks an; not debited with the eoiilrael price 
until the conijiletion of the contracts, it follow’s that their 
accounts in the meantime slunv cr(;cl it })alanc(*s, against whicJi 
hav<; to be sot llic several debits ori tbi^ contracts account s. 

Establishment Expenses. The nature of establish- 
ment cxpens(;s has been explained, but nothing has yet boon 
said upon the manner of apportioning them between the 
various jobs in the t;ase of a contractor, or between the 
various departments or processes in a manufaeturiiig eoneern. 
The praeti(*c upon this point differs, and it (h'pemls to some 
extent upon the nature of both the liusiness and the par- 
ticular expense. It will be sufficient for the present purpose 
to indicate the various systems, as no rule can be laid <lo\vn 
for general application. There are three principal methods of 
charging the department or contract inz . : (1) such a jiropor- 
tion of the total establish nieiit expenses as the cost of the 
contract bears to the cost of all the firm's work ; (2) a similar 
proportion based on the time charged ; and (*1) a proportion 
calculated in the same W'ay upon the basis of w*ages ])aid. 
The object is that each department or work should be called 
upon to bear its fair share of the general expenses of the 
upkeep of tlu? establishment, and that method is adopted 
ymich is best calculated to bring about this result. 

S' Contimied 

zmr 






Group 10 

ELECTROPLATING 

ELECTRICITY 

Preparation of Solutionii. Preparation of Work. Silver-plating, Nickel- 

24 

plating and Electrotyping. Current Strengths for Various Deposits 
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By Professor SILVANUS P. THOMPSON 


Electrodeposition. The general name 
of eUjctrode'position is given to every process 
for the deposition of metals from solution 
by the aid of the eloctrio current. Tlui term, 
therefore, includes silvering, gilding, copiKM'ing, 
nickclling, or depositing a lay<*r of any metal 
upon the surface of any other piece of metal. It 
also includes the process of electrutijpin/j — that 
is, the deposition by electricity of a type or shell 
of metal upon a prepared mould. Siu h general 
principles as govern the deposition of metals 
by the current will readily be comprehcndc‘d by 
those who have mastered the previous article on 
Elertrolysis [page 3‘258|. It will suffice to 
recapitulate h(*re the main points that enU*r 
into the theory of the subject. 

Metallic Solutions. The first point is 
that the metal to bo deposited must be brought 
into a state of solution. For instance, if silv(*r 
is to be d(?posit^d, a solution of silver must Im* 
prepared. If silver be boiled in nitric acid it 
dissolves, giving off fumes, and th<» silv(‘r remains 
in solution as nitrate of silver. Or dry crystals 
of nitrate of silver (a whitish solid) can be bought 
from the chemist/, and dissolved in pure water. But 
the nitrat/<^ of silver, tliough silver can be deposited 
from it, is not a very suitable salt, as the layer of 
metal is apt to be crystalline, and exfM'ricnce 
shows that a smoother deposit is obtaiiKnl from a 
solution of cyanide of silver than from a solution 
of nitrate of silver. To procure the eyanidt^ solu- 
tion, cyanide of potassium is added to the nitrate 
solution. This throws down the; silver as a dirty 
precipit-at(N which is collected and re-dissolved 
in an excess of cyanide of pottissium, forming 
a yellow liquid. (('yanide of potassium is 
excessively poisonous, and therefore pre- 
cautionary me».surea must be , adopted.) 

Eltectroplaters call the liquid so prepared, 
containing in solution the ivquired metal, thf 
batht meaning the liquid in which the article 
to be plated is to lx; immersed. The articles to 
be plated they term the. work. 

In the article on Electrolysis it was shown how 
the electric (current in passing through the 
liquid decomposes it, and carries the metallic 
constituent to the kathode. Hence, any object 
that is to receive the metal deposit over it must 
be arranged as the kathode of the depositing 
tank. In other words, it must be connected 
by a return wire to the negative pole of the 
dynamo or battery. If an insoluble anode, were 
used, such as a plate of carbon, the liquor 
in the tank would become steadily impoverished 
of the metal in solution, and would become acid. 
To avoid this there is usually empJoyed*a soluble 
anode pf the same metal that is^to be depasited; 
for then, if all goes right, as much metal is dis- 


solved off from the anode as is deposited at the 
kathode, and the liquid preserves its protx*r 
strength. 

Preparation of Worh. From what lias 
been said it is evident that any surface which 
is to receive an «‘lcct roly tic deposit must itself 
be a conducting surface, and, if not of metal, 
must be made conductive; by being metallised 
before being put into the bath. Of this process 
more will be said below. But in the case of the 
plating of a thin layer of metal on another, 
as nickel on iron or silver or German -silver, 
it is not (‘Hough simply that the surface 
to receive the deposit should be of metal; it 
niiisf- lx; scrupuJouKly chxin, and the necessary 
proc<‘SKi*s for preqiaring the work arc various 
and elaboratt;. Good deposits cannot bo oh- 
tained unless this preliminary preparation is 
thoroughly carried out. In the electroplaters’ 
workshop great use is made of scratchbrushea — 
which an* brushes rnadt* of stiff brass brist les, raid 
with which tlu; surface of tlu; work is scrubbed. 
►Some scratch -brushes arc worked by hand. More 
usually they arc made; to be attached to a 
rapidly-r(‘volving H})indle, like a lathe, and are 
driven at a high speed, wliih; tlu; object to lx; 
scrublxHl is lu'lcl against them. The scratch- brush 
renmves any Him of oxide and covers the surface 
over with minute scratches, giving the appearance 
of a dull polish. Sotm; kinds of work are prepared 
by rubbing t}u*m bright with powdered pumice- 
stone on a w(;t rag. Soint; an; cleaned by pick- 
ling them in acid. Old lac(iuer on the surface 
of brass can be ieniov(;d by dipping into a boiling 
solution of cau.stic .soda. Soda will also remove 
grease and dirt. But soda must not remain 
on the surface, and must be washed off in run- 
ning water. Only experience (;an l/Cach what 
is tlu; best proci^dure for each kind of work. 
Aft(*r pickling or scratch- brushing and a cleaning 
in scxla, any work that is going to Ix^ treated 
in an acid hath should !)e washed off in very 
dilute nitric acid, and any work that is going to 
he treated in an alkalin(' or (;yanido hath 
should be washed off in a very dilute; solution 
of cyanide; of potassium. After the last washing 
the object sliould neith(‘r be allowed to dry. nor 
to bcfing(‘rcd, but should he k(;pt in the washing 
li((uoror in running wati;r until the mom(;nt when 
it is placed in the depositing tank. Care must be 
taken that it is properly connected metallically 
(by wires twisted about it, or even soldered to 
it) to the metal hook or wire by which it is 
suspended in the bath, and as this attachment 
involves fingering it should be made before the 
final wa.shings. * 

Sllver«platiog. To make a gallon of 
the solution, 3J; oz. of nitrate of silver and 4 oz. 
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of oyanid© of potassium (of OS per cent, purity) 
are needed. When objects of copper, brass, 
or Gorman-silver are to be plated, they should be 
poll hed, then hung for a tew minutes in a hot 
solution of potash (1 lb. of American potash to the 
gallon), swilled with hot water, dipped for a 
few se<!onds into a weak cyanide solution, then 
scrubbed with wet Sheffield lime : next rinsed 
in water, then quicked by being plunged into a 
dilute solution of cyanide of nieroiiry ; again 
scoured with Sheffield lime, moistened with 
cyanide, then rins('d in hot water, and at on. o 
removed to the plating vat, through which the 
current should bo already passing. The anode is 
a thin sheet of silver. All this sounds very 
elaborate, but it must bo realised that (electro* 
deposition is an rather than a science, and that 
success is attainable only by long experience or 
by following carefully the skill of experienci*. 
For plating silver on soft nu^tals, siu'h as pewter 
or Britannia metal, even greater precautions 
are necessary, and the work must first either 
rocjoive a thin deposit of brass in a brassing solu- 
tion, or else it must bo plated while hot with a 
thin dashing of silver in a dilute hot silver- 
bath with a strong current, after which it is re- 
moved to the ordinary silver bath to complete 
the plating. 

Brass»plating. To make a gallon of 
brassing solution there are r(‘quired 4 oz. of 
sulphate of copper, 4 oz. of suljjhatc of zim*. 
8 oz. of carbonate of potash, 8 oz. of carbonate 
of ammonia, and about 8 oz. of eyanuh^ of 
potassium (purity, 118 p(‘r cent.). The siilphales 
are dissolved in a fla.sk in hot water. To this arc 
added a few drops at a time of a solution of th(‘ 
rarVjonato of i)<>ta«h to precipitate the mixed 
hydrated metals. The precipitate is waslicd, 
and then a solution of carbonate of ammonia is 
addled in sufficient quantity to redissolve the 
precipitate, forming a. dark blue liquid. To this 
a solution of the cyanide of potassium is added, 
little by little, wntli stirring until th(> c'oloiir 
disappears. Tlien exc(;ss of eyanidt^ is added, and 
the whole is boiled. An anode of brass is used. 
Great care must bo exercised in n^gulating the 
strength of the current. If the current be too 
strong in proportion to the number of square 
inidios of surface of the work, the deposit wall be 
black or grey. If it bo too weak, the brass de- 
posited wall bo too red, like copper. 

NicKelaplating. To make a gallon of 
nickelling solution, dissolve in hot water 12 oz. 
of the green crystals of the double sulphate of 
nick(4 and ammonia, filter, and add Avater to 
make up the gallon. As anod(', use a sJicet of 
pure nickel ; do not. use a carbon anode, as was 
formerly the fashion. The greatest care is neces- 
sary in* the previous polishing and cleansing of 
tlio w^ork, otherwise, tlic nickel film may strip 
oif, or show’" streaks. Also, the bath must not bv* 
allowed to become acid, otherwise the deposit 
will become spotty. Litmus paper should be 
used from time to time to test for acidity. 
Acidity is inevitable if carbon anodes be used. 
It can be correo^d by adding a little solution of 
carbonate of airimonia. It is important to begin 


with a strong current, to ensure that a deposit is 
dashed over the surface, after which thjei st^^gth 
of the current should be reduced. 

Electrotyping. This name is given to 
the deposition of copper upon a prepared mould. 
The Continental name is galvanotype^ or galvanv' 
plastic. [For the special applications of electro- 
typing in the printing trade, see the course on 
Printing.] The present article deals only with 
electrotyping as applied to the production of 
coxjies of medals, busts, statues, plaques, and the 
like. The first thing to be done is to make a 
mould of the object. The mould must then be 
metallised over its surface. Lastly, the copper is 
deposited on the metallised mould in the bath. 

Moulds for Electrotypes. For nearly 
flat objects, such as coins and plaques, 
moulds can be made in gutta-percha, wax, or 
sealing-wax. For solid objects like busts and 
statues, special piece moulds must be made by a 
skilled moulder. For undercut objects in high 
rilicf, elastic moulds of gelatine may be made. 
We may describe gutta-percha moulding. The 
composition consists of one-third of tallow or fat, 
with two-thirds of gutta-percha. ' The fat is first 
mt4tt‘<l, and the gutta-percha in small pieces is 
slowly added and stined in, the utmost care 
being takim not to overheat the composition. 
The object to be moulded — for example, a metal 
medallion— is cleaii(‘d with naphtha, and laid 
doAvii on a piece of board, with a surrounding rim 
of card or clay luted with plaster, to confine the 
gutta-])crt*}iii. The object is then heated in an 
oven to dry the plaster. While still hot, some of 
the hot melted gutta-pei’cha composition is 
brushed over it, and the com 2 )osition is ladled 
over it to the required thickness and left to cool. 

Metallising the Mould. Not until the 
mould has Ix'en cool for sonic hours should it 
be parted from the object. Its face must then 
bo carefully brushed Avith a camel-hair j)cncil- 
brush ebargixl with line bronze-poAvder, Avhich is 
gently rammed into the surface with the brusli 
held perpendicular. All superfluous powder is 
removed, and tlie mould Avaslied under the tap. 
It is then treated with a slightly acid solution of 
nitrat(‘ of siht'r, whicli turns the bronze grey, 
'rhen cop])er suspending wires are stuck into the 
edge of the mould in contact with the metal- 
lised surface, AvIum it is ready to bo hung in the 
eopi>ei ing solution in the bath. 

Proper Strength of Current. The 
following are the suitable densities of current : 


Pl'OL'fSS. 

Amperes per • 
lOU »<|. in. 

C«)iM*±:u-TvriN(;. 

Best tougli deposit 
(iood and touyh 
<r(u)d .soliil doprisit 

Solid ileposit, sandy at edges . 

SiLVKRIXr, 

(TiLr>iX(; 

Bua.ssinu . . 

Ntckellino 

At first, for few luiuutes 
Afterwards diminish to , 

STBEL-rACINO 

11 to 4 

4 to 10 

10 to 25 

25 to 40 

1 to 3 

I to 1 

3 to 31 

9 to 10 

1 to 2 
* to 4 
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By JOSEPH 

Pulleys. Pulleys are made eitl\<‘r of 
ca«t iron, mild steel, or wood, (‘ast-iron pulleys 
may have straight arms, as 68, single curved 
arms, as 69, or double curved arms, as 70 ; sec- 
tional views are given in 71 and 72. 'Fhe object 
in making the arms curved is to ensure a safe 
casting, since a straight arm does not yield so 
readily to accommodate the unc(jual con- 
traction of rim and boss when the easling cools. 
The usual section of pulley arm is oval, its 73, 


and it iajnus fnmi the boss to the liiii. 'I’lie 
forces acting on the arms t4*ii<l to break them 
«)IT, as in the ease of the railway axlt‘. 'Hie 
bending moment is loiind hy multi])lying the 
driving force on the rim of the pulley by the 
radial length of the arm and di\iding by the 
number of arms. The modulus of an o\al 

3*1416 , 4 1, , 

section IS — x BA^ wh<‘re A is th'* depth 


W. HORNER 

and B is the width of th»‘ sc'ction, and a safe 
stress for cast-iron pulleys is 2,000 lb. ptT siiuaro 
inch. Pulleys are, to a large extent, standard 
articles, and are manufactured for stock, con- 
sequtmtly they are made to cover a wide range 
of loads. The table given below show s the average 
proportions of arms and rims for pulleys varying 
from 0 in. to 00 in. diamct<*r ami from 3 in. to 
20 in. wide; the section of the arm as given is 
measui*ed at the boss, the dimensions at.tlui rim 

are two-thirds of 
those values; 
the number of 
arms may be four 
for pulleys up to, 
say. 24 in. dia- 
meter and six for 
pulleys above 
24 in. Looking 
at the sections 
72 and 73, single 
arms an* used up 
to 12 in. wide and 
doubicj arms up 
to 20 in. wide. 
Tin* length of 
the boss may he 
one and a half 
to two and a 
half tini(*s the 
diameter of tlw* shaft, wliih* the thickness may 
Ik.' ’4t) times th<* diameter of the shaft ; the 
boss and tlu* iiisi<le of tlu* rim should tafMT 
slightly in ord<*r to facilitate moulding. The 
rim of a pulley is slightly niunded, as shown in 
74, ami as diim^nsiomsl in tlie table. A belt 
w'ill run on a ffut farnf pulley, but is safer when 
running on a roiivfr siirfaet* ; llat-faeed pulleys 
are used in eases where th<* belt is t.<3 be moved 



68. STRAtOlTT-ARM (‘A.ST-IRON PULLEY 69. SIMILE C'tIRVKD- \RlVf TAST-IHON PULLEY 
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sideways from a fast pulley to a loose 6ne» as in 
75 , which represents a common device us^ for 
starting and stopping countershafts i^ connec- 
tion with machine tools, etc. 

Wrot-iron and Steel Pulleys. A 
wrot-iron pulley is shown in 76, 77 and 78 ; it 
is built in halves, and consists of 
a cast-iron boss and 
iron or steel arms 
rim. 'ITie boss may 1 
oast w'ith the arms , 


wrot 
and 
' be 



78. SECTION OP 
CAST-IRON PULLEY 
ARM 



The rim is curved on the hice, and is lormi^ with 
the edges bent round so as to combiiie stifhiess 
with lightness ; in the example the 

rim is doubled on itself so as to give a specially 
strong rim for extra heavy duty. The boss and 
rim are in halves and are bol^ together as 




1 .! 


rr^ 








- - 


70. DOUBLE CURVKD-AHM 
CAST-IRON lM’r.t.EY 


71. SECTION OF 

68, 69. AND 70 


72. SECTION OF 
68, 69. AND 70 


74. SECTION OP CAST- ' 
IRON PULLEY RIM “ - 


75. FAST AND LOOSE TI LLEYS 


1 


placed in position in the mould, or alt(‘rnutively 
the latter may Ik' screwed and tapi)ed into the 
boss ; the outer ends of the arms have solid collars 
and are cold rivetctl into the rim ; a joint jAate is 
fitted where the half rims meet. Cast-iron pulley.s 
are also made in halves in a similar manner, 
but flanges are east under the rims instead (A 
using joint plates. number of arms in a 

wrot-iron pulley varies from six to twelve ae- 
' cording to diameter and thick- ... 
ness ot rim; double arms - 
[78] are used with this 
class of pulley when 
a width of 1) in. is 
cxceedtxi ; the dia- 
meter of the arm , ' 
varies from A in. 
to J in. lliese 
pulleys are gener- 
ally made with a 
flat rim, but can 
bo machined to 
a convex surface. 

A pressed-.st(‘el 
pulley is illus- 
trated in 79 ; the 
arms and rim are 
cold pressed into 
sliapo from steel 
the arms 


shown ; the whole pulley is a strong yet elegant 
example of its kind, th(‘ patent rights of W'hieh 
are held by the Phillips C-ompany, of Philadelphia, 
United States of Anuadca. 

Relative Speeds of Pulleys. A 
bolt may not only be rcgarclecl as an agent for 
the transmission of ])o\ver but also as a means 
of giving a c'.wtain spe(‘d to a shaft. Taking 
the ease of a belt drive where both pulleys have 



W'ROT-IBON TULLE Y 


are dished in cross section 
in order to give side stitfness, and also at the end 
where they are attached to the boss in order 
to relieve the rivets from shearing forces. An 
intef^cking plate is riveted between the arms, 
where they are attached to tlie rim ; this plate 
tlie rim and so heliJS the two outer rivets. 


77. SECTION OF 
.SINGLE -ARM 


78. SECTION OF DOUBLE- 
ARM 


the same diameter as 80, it is evident that both 
shafts will revolve at the same speed if “ slip ” 
be neglected ; but if it be desired to drive one 
shaft at twice the speed of the other then one 
of the pulleys must bo twice the diameter of the 
other; the circumferential speed, of both pulleys 




79 PRESSED -STEEL PX-TJ^EY 24 INCHES IN DIAMETER 






BET T DRIVE — DNEteir/I PULLEYS 

remains the same, but the smallei on< having 
half the circumferential length of the oilier 
makes two revolutions to the other’s one ''riie 
following rules jxifiy be deduce d from the above 
principle : 

To find the diameter of a driven piilli y to give 
a certain speed to a shaft, the diameUt and speed 
of the driving pulley Ik ing known 

Rule I Multiply the diameU i of the dri\ mg pullc y 
by its sjietd m revolutions per minutu, and divide 
th(* lesult by the lequired spend of the driven 
shaft in revolutions jm r minute 

To find the s|)ced of a driven shaft having the 
diameters of both pulhys givdi as \iell as the 
speed of the drive i 
Rule . Multiply -- ^ 

the diamctei of the 
di IV mg pulley by its 
sjK^ed in revolutions 
per minute, and 
divide the result 
bj the diametei of 
the driven pulk y 
To find the dia- 
meter of a drning 
pulley, the diameter 
of the driven pulley 
and th<^ sjieeds of 
both being given 
Rule : Multiply 1 
the diameter of the — 7 
dnvi n pulley by its 
speed m r€*volution 3 
per minut , and 
divide the result by 
the speed of the 
driving shaft in revo- 
iuticnS^pei minute. 


vithtiwft 
oalonla^onsy illuB- 
trate tide fl^bovo 
ruleet ^ 
Diameter of 
driven pulley » 
36 X 160 _ 

gjQ— m 

Speed of driven 
, 36x160 

shaft = - 20 “^ ^ 

270 r.p m. 

Diameter of 
drivmg pulley = 
20 X 270 . 

-160- “ 
The thickness of 
the belt affects the 
oalculatioiis to a 
slight extent, be- 
cause the true belt 
speed should bo 
measured on the 
centre hne of the 
bc‘lt ; when a belt 
bends round a 
pulley its inner 
surface is com - 
pussed and its outer surface is extended, 
but the 11 litre Imo remams unaltered and is, 
(onsequently, the tlicoretical drivmg hne. The 
diffiiince IS not viry appreciable with smgle 
Ik Its and medium velocity ratios ; but m speed- 
ing up from a slow running shaft to a high-speed 
fin or dynamo it may upsii the calculation to 
ihi evtent of 3 per iint 01 even 5 per cent 
Speed Cones. Win n it is desired to drive 
a machine at vanous speeds fiom a shaft runnmg 
at a const ant spud it is usual to employ speed 
cones as illusli nUd m 82, they are arranged 
opposite each other, so that the smallest pulley 
of one set is abreast of the largest one of the 
othci set , the added diameteis of any two 
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piilieyB abreast of each other is a constant — 

A -f- C' = B 4- B' ^ C + A' ; the driving belt 
can then be readily slipped from one set to another, 
and the speed of the driven set altered accordingly. 
Assuming the shaft B to be the driver, and to be 
nmning at 150 revolutions per minute,, then when 
the belt is on A and C' os shown [82], the speed 

of shaft E 18 jqi — 75 r.p.m. ; when the 

belt is on B and B' the speed of shaft E is 
— ^ — = 160 r.p.m. ; when the belt is on C and 

160 X 12 

A' the speed of E is jj; — ^ ,?00 r.p.m. 'Hie 

section of the cones is shown dotted ; there 
are no arms except when the large cone is of 
a considerable diameter, or when there are a 
great number of steps, a boss and arms are then 
arranged to support it as shown in 83. 

Open and Crossed Belts. Open and 
crossed belts are used on planing machines, 
screw-cutting lathes, etc., for the purpose of 
reversing the motion of a shaft after a certain 
operation has terminated. A typical ex- 
ample occurs in 

84, where A is I . 

the driving pulley, X | 

B, C, and D arc / | \ 

driven pulleys, B jf j \ 

and D being keyed | . j " 

on the shaft and \ j 

C rumiing loose; \ ' / ' 

the “open” belt I - 

is marked E and 

the “ crossed ” belt I 

is marked F. Suit- | r : 

able striking* gear \ ...i _ - ~-j- 

is arranged to [ 1 ! 

move both belts I ' j ' I " 

sideways at the I i : ' 

same moment; 

when the belts are ^ 


per square inch, or, say, of the average break- 
ing load, and unless this large factor of safety 
be allowed the life of the rope is short. A main 
driving ropi^ should last from five to eight years. 

The stress of 140 lb. per 
ffsosir square inch does not repre- 
i sent the actual stress upon 
! : i the fibres of the rope, but 

1 ^: ‘ ; only that on the driving 

J; jj,; .. ij :i J side due to the power trans- 

niittcd. In addition to this, 

: tlu? rope has to sustain forces 

wedging of the 
rope in the grooves of tho 
pulleys and also the stress 
83. sEcmoN OF LAROE ccTitrifugal action. 

t’ONE PULLEYS latter stress increases as 

tho square of the speed of i lio rope — that is, if the 
8j)eed 1)0 doubled the tension on the ro]x^ due to 
centrifugal forei; is increased four times, and if 
trebled is increased nine times ; a speed is soon 
reot^htd beyond which it is not economical to 
go, becjausc the strength of the rope would bo 
wasted in overcoming this force instead of 
transmitting power. Hie highest economical 


OPEN AND CROSSED BELT 


in the position shown [84], the oj)en belt is driving 
the pulley B in the direction of the arrow (i, 
whilst the crossed belt is <lriviiig the loose 
pulley only ; upon striking the belts the opc'ii 
one drives the loose, pulley and the crossed one 
drives pulley D, but in a reverse direction. 

^Rope Driving. Cotton and hemp ro^x's 
are used for the transmission of jiowi'r in a 
similar manner to belts, but usually for main 
drives only. The textile mills of Lancashire 
afford numerous examples of direct rope driving 
from main engine shafts to line shafts on the 
various floors, the flywheel itself doing duty as 
the driving pulley. Hopes are nuide by twisting 
three “ strands ” together in a right hand direc- 
tion; each strand is formed of “yarns” twisbnl 
together in a left-hand direction, the yarns them- 
sfilves being spun from cotton or hem]) fibres in 
a right-hand direction. The diamct<;r of the 
finished rope varies from J in. to 2 in. ; the 
sizes in most frequent use arc 1 j- in. to 
IJ in. diameter. The ultimate or breaking 
strength of a rope ranges between 7,000 lb. 
and, 11,000 lb. per square inch. The safe 
working load is, however, only taken at 140 lb. 


speed lies between 4,0(K) ft. and 6.0(K) ft. jw 
minute, and at this s])eed the effective load on 
the rop<' is about 200 lb. j)er s(]uarc inch 
instead of the 140 lb. ])erK(iuare inch due to the 
driving tension of the ])()wer transmitted. 


Powers 

of Ropes. 

At t.SOO ft. 

per 

minute the 

powers whie*h 

various 

ro])e3 

can 

transmit are 

as follow ; 




J in. rope 

8 ? h.p. IJ 

in. re)pt; 

20 '^ 

h.p. 

7 

H •» 

IL} „ l.‘> 

,, ,, 

34? 


1 „ „ 

15}. 15 

,, »* 

-40J 


H •* 

10 .\ „ It 

,, ,, 

47} 


11 „ 

24 2 

,, 

OJJ 



Thes(* figures re})r(*si‘nt. the maximum pow(T8 
to be obtained from roj)es at any sj)eed wliat- 
ever; furtlnu* increase* of s])eed does not result 
in an increased horse'-power transmitte<l, but on 
the contrary.it steadily declines until at 8,000 ft. 
ixw minute the ro;x> can bao'ly withstand the 
centrifugal forces alone. Below 4,800 ft. per 
minute the power transmitted of course de- 
creases, but not in exact ratio of spewed, because* 
as the speed becomes less, so the centrifugal 
forces decrease; at half the above s})ee*<i~ 
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2,400 ft. per i^inute, the feUowhi^ powen 
can. be trammitted : 

J in. rope » 6 h.p. 1| in. rope® 20 h.p. 

♦♦ f» =8 ,, 1* ft tf ~ 24 ,, 

f ♦> *t ^ fOl- „ 1| f* >1 28 ,, 

14 »♦ #* ^ 13j ,, }, ,, = 324 ft 

I 4 >» »f ~ lOj „ 2 ,, ,, = 424 9f 

3inoe the capacity of a single rope is limited 
to a comparatively small horse-power, it is 
necessary to use a number of ropes on one pulley 
in order to transmit the required power, which 
may amount to several thousand horse-power in 

some cases. Small engines ^ ^ 

have from 3 to 10 roj^, |.<4«ejr-_4r4._eir’^ 
larger ones 10 to 30, whilst | 1;^ I i 

some engines have lieen N f 

fitted with wheels having _ 

50 and even 60 ropes. k\\ / / v 

Rope Wheels. The 
wheels are usually of cast 

iron and have machini'd 1 \ 

grooves in the rim as shown 
in 85, the proportions of 
which are given in the ta ble. 

The diameter of a rope ' -r- 

pulley should not be loss 35 

than 30 times the diameh^r 

of the rope, otherwise the life of the rope is 
shortened Ijy the constant In'iiding on too small a 
diameter. Rope inilley arms are usually oval in 
section, and may he calculated in a similar manner 
as described for belt pulleys; the.se pulleys arc, 
however, more carefully designed and manu- 
factured on account of their weight and of the 
higher speeds at which they run. Mam driving 
pulleys on an engine frequently attain the 
enormous weight of 70 or 80 tons apiece, 'rhey 
are built up of a numl3er of separate castings. 


[ 


bolted or cottared tQoeSi^. 
made from 20 ft. to 84 ft. dlaipeitr ; amliller ones 
down to 12 ft. diameter are made in halves, 
but the rims are frequently built up in sements ; 
from 12 ft. to 8 ft. diameter they are simpy made 
in halves, whilst 8 ft. pulleys are cast in one piece. 
The object in building up the larger sizes is to 
ensure a wheel free from initial stress due to eon- 
traction ; the stresses arising from centrifugal 
action alone when such heavy masses are moving 
at a high speed are very considerable, and, in 
fact, it is not wise or safe to exceed 5,000 ft. 

per minute with a east*iron 
^TtTT+p^^s!| rim. Heavy wheel rims 

! ' I have been Known to burst 

at 4,500 ft. per minute. 

design of rope- 
driving pulleys is closely 
allied to flywheel design, 
it is more fully discus^ 
under that heading in a 
kW later lesson. 

Arrangements of 
Ropes. There are two 


85. U(3rE WHEEL GROOVES 


mJ I methods of arranging the 

BL OIIOOVE8 >‘''PP» 

77ie usual plan adopted in 
Jilngland and on the Continent is to use a separate 
rope for each groove in the pulley, the ropes 
being spliced to as nearly the same length as 
ix>.ssible. In America adiltiTcnt arrangfgnent is 
extensively (‘in ployed: a single rope is wound 
continuously m a spiral round tho pulleys and 
is made to pass over a weighted pulley, which 
gives a certain tension to the ropes; by such 
means it is (‘nsured that each rope element is 
taking its share of the drive. A great dis- 
advantage of this method is that if the rope 



the boss is in two parts, machined and Ixilted 
together, the arms arc separate and are ctist 
hollow, cottarod into the boss and boltod to the 
rim ; tho rim is in segments, faced up and 


breaks tho whole drive is at a standstill, and in 
all probability the rope becomes so entangled 
that a bcriouh loss of time occurs before it can 
be got clear and a ncNv rojio reeved on. 

Wherever jxissible tho driving side of the rope 
should occur underneath, then the sag of the slack 
or top side increases the are of contact and so 
adds to the (‘flieieiicy of the drive. Tlio length 
of a rope drive — i.f., tho distance from centre 
to e('niro ot the pulleys — should be as great as 
possible — ^troni 20 ft. up to 80ft. or 100 ft. ; it is 
best to arrange it horizontally, or at most at an 
angle of 45 degiws. The sag of a rope follows a 
curve termed a “ catenary ” which approximates 
a parabola, and this latter curve may bo used 
when drawing out a rope drive to determine 
ek‘arance8. Single-rope drives are used occa 
sionally for special machinery and for overhead 
travellers ; the rop(‘s arc then small in diamot/cr 
in order to keep the pulleys down to a conve- 
nient size. 


Continued 
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By R W. WESTERN 


A ROAD of rails, although a great julvanoe \ipon 
^ any other kind of road, differs from it in no 
essential principle. In the most primitive forms 
of transport the load is carried by man or 
animals, and sometimes dragged, along tin* 
ground. The North American Indians carried 
their property over the prairie upon poles to 
which horses were hitched at one end as to 
shafts, the ends of the poles being allowed to 
trail upon the ground. When a load is placed 
upon any form of skid and drawn along, thn‘e 
results ensue : (1) thi5 resistance due to friction 
’and vibration ; (2) the dostruc.tion of the 

surface of the ground passed over ; and (3) 
the wear of the skid itself both from friction and 
jolting. The introduction of so simple a mechan- 
ism as the wheel (iflects a great improvement. 
The greater part of the friction can ho concen- 
trated at the hub tliereof, where particular 
care can be takm to maintain conditions that 
reduce it to a minimum; also, since the friction is 
k^ss, the destruction and wear is loss, both of the 
vehicle and of the ground over which it pass< s. 

A Prepared Track. Any eonsidenihle 
load, nevertheless, will force the wliccl into the 
ground, causing resistaneo t/O progression and 
<UK»lruction of the surface of tlu^ ground unle- s 
it is very hard; also the disadvantage.-^ of jolting 
are but little reduced. The next step is to 
establish a pn^pared surfaet^ of ground to reccuve 
the W'lieel. This involves the disadvantage of 
conlining the movtunent to the prt'parcd .surface, 
but the out-weighiiig advantages consist in the 
groat diminution of resistance due to jolting, 
together with diminished destruction ami wear of 
the vehicle and .surface travi^r.scd. 

The Homans can*, alleged to have conquered 
the known world by the introduction of good 
roads. The road of rails was an advance, of 
almost equal importance. Here tlu^ surfa<(‘ 
over which the whet^ls pass is so conliried and 
naiTow that the hardest metal can ho utilised 
and porfoet smoothness insured, thus reducting 
the resistance due to wear and vibration to tlu^ 
lowest point attained. 

Resistance and Traction. A steady 
pull equal tyo the weight of 70 Ih. will move 
a ten-ton truck along a lev(i stretch of railway 
at about ten miles per hour. On a smooth 
pavement a pull live times as great, would be 
necessary to move a waggon weighing ten tons. 
On an ordinary macadamised road twice as much 
01 ’ 700 lb. would be needed. Over grass, perha})s 
3,000 lb. or a ton and a half would suftiee, while 
in the absence of wheels the load would bo al- 
most immovable. 

If the .speed of railway trains were confined to 
ton miles per hour, a comparatively lliinsy con- 


struciion would hi^ strong enough, hut at the high 
speeds which actually prevail, the action of tint 
locomotive passing over the lino is like that of 
an immense hammer — a steam-hammer, in hict. 

Were the rail thiit carries the train to bo 
supported directly upon a hard rock foundation, 
that rail, wliatever its material, would bo 
hammered out of shape or broken. 

Principles of Construction. The 
rail, therefore, though held in a ciist-iron 
chair to keep it shindy, is supported by a 
wooden sleeper with some “give” in it. The 
principle of this is easily illustrated. Place a 
nut upon a hard surface and strike hard enough 
to crack it. PIjujo it now on a thicik piece of 
indianihhcr ; the same blow will not suffice 
to break it. Tf railway sleepers were placed upon 
a hard surface, even they would soon bo broken 
up. Sometimes in rough countries they are 
placed upon ilu^ earth, hut then the earth soon 
gives way under the hammering of passing 
trains, and a further ohjocUon is that contact 
with earth accelerates th<» rotting and decay of 
sleepers. The proper plan is to seat tlie sleepers 
upon a layer of broken .stone cal](‘d ballast or 
mvial. It was discovered by the ol<l road- 
makcfs T(4ford and Macadam that- stone 
broken into fragments nvidily tits itself into a 
pretty compact mass, and while the stones rock 
a little under a blow, and thus absorb some of 
its energy, the prt^ssun^ is transmitted in rapidly 
widening circles to tlu^ substance htmeath them. 

Purpose of Ballast, in the same way, 
upon a railway good ballast nsaaves the shock 
from the sleepers and protects the earth Ixmeatk 
by distributing the shocks over its whohs sur- 
face, thus subjecting the comparatively frail 
c'arth to pre.sKure of an intensity within its 
capacity to sustain without lliruhing. It is 
this tliiiehing or movement which must at all 
costs ho avoided ; if any ranterial of construction, 
whetlier it he earth or ballast, will not remain 
where it is first pUus'd, the integrity of th(‘. 
structure is at an (md. 

('omplet e immobility is, of eoui’se^ uriattainahlo. 
The aim of tin; (*ngine(M’ is to make any movement 
jvs gradual and uniform as fjo^sihlo; tlu^ efTect of 
it will then he rather to strengtlu’n and solidify 
the road as time goes on, fu’ovidcd that the 
pat'king and renewals of halhist are properly 
kept up. 

Drainage of the Road«bed. The chief 
agency in causing undue and uneven movement 
in the road bed is, again, w'ater. Every pre- 
caution mu.st he taken to keep the ballast and 
the earth beneath as dry as possible. For this 
rcfuson a good slope is given to the latter [see 31 
and 33. pages 3257 and .325S] so that any water 

342{> 





CIVIL ttMctiiimiiic 

0 n|gri|ig tho balldot tuay quickly drain away, in 
action to tliis, the surface of ballast over 
the sleepers is sometimes smoothed over with a 
fine material, so that the greater part of a 
heavy rainfall is shed of! from the surface at 
once, and has no time to enter the ballast. 

Description of Ballast. The best 
material for ballast is a hard stone broken into 
irregular fragments of a size sufficient to pass 
through a ring two inches in diameter This 
however, is often too expensive to use, and the 


pounded into the earth, at the same Ume 
unduly depressing the centre parted ^e lino, 
so that a long trough, in which water aooumu* 
laios, is formed. This water soihs in and 
softens the middle of the earthwork until the 
bank may become little better than a raised 
reservoir of mud, liable to burst at any moment. 
It is therefore best to allow time for an em« 
bankment to become consolidated before laying 
down ballast, and, m any case, it is necessary to 
ensure proper drainage. 




SF.CTION OF TRUCK, SHOWING TWO 
VARIETIES OF SLEEPERS 



next best material is clean, coarse gravel In 
any case, at least a foot must be inteipostd 
between the bottom of the sleepers and tho 
ground or formation level in order effectiiallv to 
distribute tho pressures imposed, and two feet 
is commonly allowed between formation le\el 
and tho top of the rails In stations and yards 
where men and sometimes horses must walk 
over the line a great deal, a covering of cinders 
la placed ovei the sleepers almost up to tho 
rail level, but in other parts the sleepers aie 
often left uncovered 

When to Lay Ballast. It is usually 
undesirable to lay ballast down upon an embank- 
ment until some time — peiliaps a year — after 
it has been 


Permanent Way. Typical sections of the 
permanent w ay of a railway are given in 31 and 33 
( pages 3257 and 3258] In these the ballast is shown 
earned out to the edge of the slope, which is veiy 
flat The ballast is, howevei, generally stopiied 
short of this, lea\mg a mat gin of about 18 in , 
ralleci the betm or Cfis 

»Sleepers m this country are usually of pine, 
9 ft long, 10 111 broad, and in deep Th( 
edges should be squared, because if they arc 
rounded there is danger that they have been 
(lit fiom a tree not sufhtiently large to allow ot 
the se( tion being squared, and this is usually 
obje( ted to, since the w ood near the bark ot 
the tree is unduly tneroaehed upon, and th( 

nearer tlu 


completed < < 5 /^ > < -- - 4 2 ' wood is to 

The rails and ^ bark of 

sJeepeismay, U ^ 2 " ) /4 /i tree tin 

during this Li J ^ softer it is 

interval, be '' J andthomou 

laid direct 38 naiis for iimng chairs to si lepers liable t(' 


upon the 

earth. Of course, fast traffic cannot be put 
ovei the line while it is m this state, but the 
advantages of the method usually outweigh 
this drawback Tho ballast is most econo- 
mically laid by bringing it up m trucks by the 
engine and dioppmg it between and bo.side the 
rails The sleepers are then lifted and propped 
up, and the ballast packed beneath them. If 
this be done too soon, while the earth of the 
embankment is soft, the soil quickly works up 
into <hc ballast, or, rather, the ballast is 

3 ^' 


decay. 

(liairs to carry tho rails are almost universal 
thioughout England They may weigh ^ cwt 
each, and should, in that cose, present a bearing 
area to the sleeper of 96 sq. in. and a Marine 
area to tho rail of 10 sq. in. Two varieties of 
chairs are shown in 37. The chairs are fastened 
to the sleepers by nails, two of which are ofb n 
of wood. A sketch of these is shown in 38 
Usually neither are made with any taper. Th< 
keys by which the rails are wedged into the 
chairs may be made of some hard wood, or 
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preferably of oak, and are commonly subject to 
pressure before being supplied for use. For a 
50 lb. chair their dimensions would be 7 in. i)y 
31 in. dew by 2 in. thick, the taper being 1 in lb. 

The Position of the Keys. The keys 
are commonly placed upon the outside of the 
rail, an arrangement by which a more elastic 
road is secured, though at the expense of several 
disadvantages. First of all, there is greater 
risk of the keys becoming loose, and, although 
this may bo prevented by inserting keys of com- 
pressed wood in a very dry condition, this intro- 
duces stresses of considerable magnitude tending 
to rupture the chair, and chairs of defective 
casting frequently fail from this cause. Secondly, 
in the event of two or three (?onsc(iiiiive keys 
coming out, the gauge of the line is aifected in 
a more dangerous way than if th(5 keys had been 
placed inside the rail. Thirdly, when inspecting 
a line of way a single inspector must walk twice 
over the ground, up one side and down the other 
instead of once down the centre, which would be 
sufficient if the keys had 
been placed between the 
rails. 

Rails. The rails in 
iuch a line as w’c are con- 
sidering would have a 
sectional area of about 
81 sq. in., and weigh 86 
lb. per yd. They are 
usually rolled in lengths 
of 30 ft., though the 
f)rcsent tendency is to 
make them longer in 
order to reduce (he num- 
ber of joints ; but when 
heavy rails arc mad(‘ in 
great lengths it requirt^s 
a large gang of men to 
handle them. In addition 
to rails of the normal 
length, it is necessary to 
f)ro vide a number 3 in. or 4 in. shorter for the inner 
edge of the curves. 'I’lie object of this is to 
ensure that the joint on one rail shall eomo 
I'vert with the joint of the other rail. The 
f)latelayers therefore insert one of these 
shorter rails whenever a curve is reached, and 
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39. RELAY IN(i (JANO I’LAC'INO A RAIL LENOTU 
IN THK CHAIRS 


it is well to rcRK'.mber that approximately 
1 in. of dilTerencc in the length of the rails of 
the two sides is required for each degree of 
curvature. 

Laying the Rails. The method of laying 
rails is as follows : First 
of all the sleepers are 
brought in trucks or 
waggons, and laid down 
approximately accord- 
ing to eye, 11 to every 
30 ft., or as many as 
may b<? required for the 
spacing contemplated. 
It is better to make a 
mistake by Iwiving too 
many ratluT than too 
f(‘w, since the sleeper 
is not always at hand 
when requir(‘d. The 
slee})e.rs having been 
thus aiTang(‘cl, the chairs 
are fixed in the proptu* 
place's ujxm tlauu, first 
to those sh'i'pers whiel 
are at tlu? extremities 
of th(' rails. The keys arc then drivaai into tlu'. 
eliairs of these sleejieis, fixing them to the rails 
t the pro})er distanee from their extremiti(‘s. 

The ends of tlui rails ari' then brought op])o- 
sitc each other, and thes tish-plates arc loosely 
bolU'd on to ensun^ the eorreei longitudinal 
}>osit.ion of the rail. Small ])ieees of steel are 
also placed between the', mda of tlie rails to ensure 
tliat they are lixed at the '‘.orrect distanee apart 
to allow for expansion. Tlu? rails being now 
attacdicd sleepers at eaeh extremity, the inter- 
mediate sleepi^rs are shifted about until they are 
as nearly as pi^ssihle in tla^ ]) 0 .sit.i(^ns they are 
idtimately to occupy. Fig. 39 illustrates a gang 
of men piae*ing a rail Nmgth on the chairs. 

'.rile chairs an^ trlien sli]>p(;d into position be- 
tween the sleei)ei*s and the rails, and fastened 
upon the sleejier. 1’his is done by two men ; 
the first preeedc'S with an augiT, boring the 
liok's, the second of which follows to drive in 
the treenails. It will be seen that by this 
manner ol laying tl>c rails the conect position 
of the ehairi upon the intermodiato sleiqx^ 
depends upon the straightm*ss of thc^ mils, ami 
UK the rails are not always ^lerfectty straight, it 
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frequently occurs that fJie chairs are better 
fastened upon the sleepers belore tiio latter are 
placed into position. If this be done» it is im- 
possible to get a crooked or bent rail into position 
at all unless the rail laid parallel to it happen 
to be bent in exactly the same way. After the 
permanent way has been laid down in the 
manner descrilSed, the bolts tightened up and 
the keys driven home, a gang of 10 or 12 men go 
along the lino to remove the slight lateral 
unevenness unavoidable at the first laying. 
men are provided with crowbars [ 40 ], and when it 
is requim to shift the lines they stand with 
their backs to the direction in which the move- 
ment is to be mode, half the gang on oaoU rail, 
and, putting the crowbar between their legs, 
they make a fulcrum of the ground beneath 'the 
i*ail, and so, leaning back together, displace 
it in Uie required direction. The ganger or head 
of the gang walks about 100 yd. liehind them in 
order that he may by looking along the rails lie 
able to tell them readily at what place to stop, 
os well as the direction and the amount of dis- 
placement required. Fig. 41 illustrates an in- 
spector gauging the track. 

essential Features of the Per- 
manent Way* It will be seen that the 
essential features of the permanent way 
ore the rails, the fastenings of the 
rails to each other, the sleepers, the 
fastening of the rails to the sleepers, 
and the ballast. These are, of course, 
repeated mile after mile over the 
whole extent of the railway. The 
result of so much multiplication is 
to magnify enormously the import- 
ance of any modification in the 
design or relation of the parts, and 
however slight this may seem it 
requires the closest attention. 

The type of permanent way 
already described is the one that is 
commonly used in Great Biitain, 
and it has been found by experience to answer 
best under the conditions which obtain here. In 
other parts of the world different arrangements 
and designs have found favour. 

Other Types. In India, where timlier 
of all kinds is subject to the attack of white 
ants and other pests, cast-iron pot or plate 
and steel cross sleepers have been usimI w'lth 
success. In North America the use of chairs 
is almost unknown. The rails arc of the 
Vignoles section already described, and are 
fastened to the sleeper by spikes or nails, as 
explained when treating of the temporary way, 
though, of course, the work is much more care- 
fully executed. 

Weakness of Vignoles Type. A road 
80 constructed is most likely to fail by the 
rails spreading, and thus allowing the wheels to 
run off the rails, especially at curves, where the 
centrifugal tendency of the rolling stock causes 
a heavy Intera) pressure on the outside rail. 
This takes place, not because there is any ten- 
dency for the rail to slip sideways on the sleeper — 
f rational force alone is enough to withstand this — 
but bficatise the rail tends to turn over about the 



edge of iti outer fiaiiige omeh Hue wood 
beneato ity as wdQ Sa to draw the dog or spike on 
the inside. This tendnocy is coipmanly met by 
placing between the rail iad thesleepor^ a bear- 
ing plate having boles through whioii the dogs 
or spikes are driven. An illustratioii of this is 
shown in 42. 

General Considerations of Design. 

The several component parts of the penuanent 
way are depend^t one upon the other. To 
carry locomotives of a given weight at a pre- 
scribod speed, no one can be reduced below the 
standard formed by experience to be sufficient 
without increasing another. Thus, if the weight 
of the rails l>e reduced, the size of the sleepers 
and their number must be increased. And 
both the rails and the sleepers need to be ot 
greater weight per mile of road if for anv reason 
the quantity and quality of the ballast bo 
inferior. 

Choice of Ballast. In deciding upon 
the ballast to he used for a now line, the main 
consideration is generally the cost of obtaining 
the various kinds from which choice can be made 
Part of the cost of obtaining the ballast 
w'ill he the expense entailed in bringing 
it to the spot where it is to be laid 
down, and this is often an item suffi- 
ciently important to cause different 
ty))cs of ballast to he chosen for 
diffmmt parts of the railway. Tn 
building a single line of way, th(‘ 
least quantity of ballast that can he 
employed without mvolving greahT 
disadvantages than can be com- 
pensated for by the saving to he 
effected by using less amounts to 
1,760 cubic yards per mile, which is 
a cubic yard for each yard of line 
In the absence of hard, durabU* 
stone, or satisfactory gravel, slag 
trom the blast furnace in angulai 
liiwes IS a very suitable material 
In places where every kind of hard substance is 
difficult to obtain, it is often sought to manu 
fueture such a sulwtanco by burning a locally 
obtained clay. In every case in whicMT a a 
artificial material of this kind is adopted it n 
necessary to make sure that the burnt substance 
is both hard and likely to l)o durable. And it 
must lie remembered that many rocks to he 
met with in Nature, though hard enough and 
tough enough to require toe use of explosive's 
to obtain them, unll nevertheless prove most 
unsatisfactory in use. They may soften as the 
result of exposure to wet ; they may scale away 
and split up under toe influence of frost and 
change of tem}K*rature ; or they may, in service, 
produce an imdue amount of dnst, the effect ot 
which is most detrimental to toe rolfing stock 
Hard limestones and sandstones, and, of course . 
granite and cognate material, is always to he 
relied upon. The railway built under conditions 
in which a plentiful supply of suoh material 
available is a railway built mider conditions 
favourable for economy in maintensaoe. 

Arrangement of Ballaat, Many 
gineers prefer to found the ballasting of a lin^ 


BEARINO PLATE FOR 
SLEEPERS 


» laydr ol large stones, and so 
{SfoVide a solid foundation upon 
wliicdi to place the smaller material 
upon vhicn the sleepers rest. Such 
Btbnes> when laid together or packed 
hy hand, form a structure known as 
Mone-pUchin^, This device is, ol 
course, expensive, and for this reason 
suitable only for exceptional situa- 
tions where, from either the presesnee 
of an unusual amount of water or 
extraordinary traffic conditions* 
special measures are demanded. 
IBxperience shows that, unless the 
paoldng — i.e., adjusting the ballast 
beneath the sleepers — of the slee})crs 
is accompanied by ample renewals 
of ballast these large foundation 
stones are apt to leave their places, 
and in subsequent operations of 
packing to be found near the sur- 
face, if not upon it, and interfering 
with this operation, as on account of 
their size they can be fitted beneath 
the sleepers with difficulty. This 
disadvantage is accentuated if the 
packed course be laid upon an em- 
bankment which is not sufficiently 
settled and solidified. As well as 
the ballast beneath the slcepor, it 
is usual in this country and in 
many other parts of the world to 
cover the sleepers with a finer 
material, reaching to the lower sur- 
face of the rails and extc'nding some 
inches beyond the (‘nds of the 
sleepers at the sides of the hne of 
way. This is commonly referred to 
as boxing^in ballast ; it adds to tin* 
weight of the permanent way, and 
is considered to preserve the sleepers 
Doubts have been cast upon its 
utility, and it has been shown that 
the boxing-in ballast makes no in- 
crease in the resistance of the per- 
manent way to lateral displacement. 
The merit of this covering-in 
^ material as a means of shedding off 
heavy rain has already been referred 
to. It may be added that in prac tiee 
the finer top ballast is very likely 
from want of care to become mixed 
up with the layer ballast lielow it, 
thus reducing the efficiency of both. 

Spacing of Sleepers. The 
distance apart of the sleepers cannot 
well be less than 3 ft. from centixj 
to centre, or there will be a difficulty 
in packing the ballast beneath them 
to keep a level line. The Amorieans 
do space their sleepers more closely 
but the latter are rather narrower, 
thus allowing more room for the 
packing tool to be used between 
^em, and thw are also shorter. In 
the United States, in fact, timber 
has been relatively cheaper than 
metal, and it is to such variations 
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in conditions that an engineer must 
look in order to deckle what diver- 
gencies from the standard hia design 
of permanent way should show. 

The spacing of sleepers at the 
places where two lines of railway 
cross one another, or where a line 
of railway bifurcates, is always 
reduced. At such places the course 
pursued by a train is interrupted. 
When two lines cross, there is the 
inevitable jolt at the spot where the 
flanges of the wheels pass through 
the gap in the other lines made for 
that purpose. When bifurcation 
take's place, an angular lateral 
deviation of the course of the train 
is ncc'ossanly brought about, creat- 
ing extra pressures that must be 
met with extra material. A satis- 
faetory spacing for sleepers at a 
double crossing is shown in the half 
plan seen in 43. 

Wear of Sleepers. A sleeper 
has to be removed from the lino 
iiltimaUdy, cither because, from the 
pressure and vibration of passing 
Irams, tlio fibres of the wood have 
become separated and broken, or 
because, from exposure to weather, 
insects, and other influences, it has 
decayed. One cause is just as con- 
clusivc3 as the other, consequently 
thoie is no object m taking measures 
for protecting a sleiqx'r from decay 
for a fH'riod longer than it takes to 
wt‘ar it out. 

There are several methods of 
piesorving timl>er, and of these 
cieosotiiig IS the most common. If 
tlio w'ood of whidi thi' sleeper is 
composed mclude.s any mp wooi 
of the tree — as the wood near the 
balk is called — some pieservativo 
mi'tliod is usually essential. If, on 
the otluT liand, only haid, or 
m/od, or wood cut fiom Uie centre 
of the tree, is contained in it, or if 
tlio sleeper is to bo jilaeed in a 
situation where the speed and 
density of the traffic is very great, 
it is otten found that preservative 
processes are a useless expense, os 
the sleeper is pounded to pieces by 
the lieavy driving-wheels of the 
looomotive before* tlic* doeay liogins. 
The use of cliairs between tho rails 
and slec'peib tmables some economy 
m the section of tho rail, and also 
increases tho life of tho sleeper by 
distributing tho pressuro upon it 
over a laigor area. Tho life of 
sleepers is \ery variable — anything 
from 5 to 20 years, according to 
conditions and circumstances. 

Selection of Sleepers. 
In this country tho supply of sleepers 
IS a special branch of tho timber 
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trade. The wood is imported for the most part 
from parts of Northern Europe, being cut from 
the forests of fir which abound there. Ability 
to distinguisli between spruce and fir at a glance 
18 very dmirablo, aR the former cmnnot be recom- 
mended for pei’manont structures out of doors, 
though on account of its freedom from largo 
knots it is preferred for scaffold poles and such 
purposes. 

Bleepers should bo of uniform size, as this 
assists in securing a uniform support to the 
rail. They should have a fairly clean 8urfa'!e, 
sinoe a woolly or ragged surface sometimes 
left by the saw offers a readier Imrbour to the 
organisms of decay. They should, of courses 
be free from ring shakes, star shakes, ami every 
other form of shake. The s])iral grain to be 
found in many trees commonly converted 
into sleepers should also bo avoided. 

Points for Guidance. The twisted 
fibres frequently cause warping, which inter- 
feres with the proper seating of the sleeper 
upon the ballast beneath. Largo knots so 
frequently found in fir arc undesirable. They 
constitute, in any ease, weak places where 
they occur, and when at or close to the part 
of the sleeper in which the spikes must bo 
driven they afford reason enough for rejecting 
the sleeper for any but temporary purpos<w. 
The colour of the knots i,->i in fir an indication of 
the quality of the wood. 

Bright knots are signs of 
robust growth and 
plenty of resin, wliich 
discourages or- 
ganic life. Dull, 
dark knots have 
a contrary signi- 
ficance. Sleepers 
which have not undergone a. j)i eservat,iv(' process, 
such as vulcanising, creosoting, Imrindtising, 
kyanising, etc., should ho void of all sap wood, 
or their durability will l>e very short. Sleepers 
which have boon so treated may r;ontain sap 
wood, but it i.s important to niakti sure that the 
whole of the sap wood lias been reached by the 
process which is intended to preserve it. 

Varieties of Sleepers. Sjiecifications 
sometimes require that but one sleeper shall be 
cut from a single Umgth of tree trunk, thus 
forming what in the United States of America 
is called a pole -tie. The centre of the tree is 
then the centre of the tic or shie.pcr. Such 
sleepers are considered to he particularly long- 
lived. 

A dab-tie is one of two cut from the same 
length of tree trunk, the ctmtre of the tn*(! 
coming at the centre of one of the hmes of thc^ 
sleeper, and this face should be placed upon the 
ballast when the sleeper is in jiosition on the 
line. The exjiression quaHer4ie in the ligJit 
of the f'lbove exjdains itself. None of these 
distinctions are of great importance when a 
process preser%^ative of the timlx^r has been 
adopted. 

In the (Colonies, and for light railways in this 
oouniry, it is not uncommon to use half-round 
sleejiei'S. This is simply a tnink cut in halves 
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longitudinally, and the bark removed. It is 
always important to see to the latter even in the 
rougl^st construction, since fermentation is apt 
to be set up within the bark, which quickly 
leads to the destruction of the wood. 

Sleeper Dimensions. Although .the 
standard dimensions for sleepers in the United 
Kingdom are 9 ft. by 10 in. by 5 in., these sizes 
are not always followed in other countries, even 
when the line is of our standard gauge — 4 ft. 8Jin, 
In America from 8 ft. to 8 ft. 6 in. is more usual 
for the length, Sin. to 9 in. for width, and 6 in. to 
7 in. for depth. American sleepers are therefore 
shorter, narrower, and deeper than ours. The 
n‘duc.Uon of length has already been referred 
to. It is partly explained by the fact that the 
earthwork on American railways is often 
skimped, and there is no room for a longer tie. 
The reduction of width enables the sleepers to 
be placed closer from centre to centre than 
would otherwise be the case, and in the absence 
of a <^hair avoids too long a bearing surface 
for the rail. It will easily be understood that 
the tendency of the rail to bend under the weight 
of the train passing over it causes, it to boar 
witli uneven jire^ssuro upon the sleeper. The 
pressure is greatest first on one edge of the sleeper 
and then on the other. 

Supporting the Rail. The broader the 
sleeper, or the longer the piece of the rail 

that bears upon 
the sleeper, the 
more accon- 
tuated is this 
effect, with the 
result that the 
slix'per rocks on 
the ballast and 
work-i itself loos(‘, 
while th<^ rail works on ilu’! sk*oper and eut-s 
across its filires until tlie sjiikes get loose. 
Th(^ introduction of a. bearing plat(\ as ex- 
plained and illustrated [421, obviates the latter, 
i)ut not llu^ former tiuKlency. A complete 
remedy is only to be found in' the ehair, wliich 
not only permits the use of a broad sleeper, but, 
by distributing the pressure of the rail over 
the whole surface of the biise of the ehair, 
enables the use of a sleeper not so stiff as is 
found neeesHary in America, whore the sleepers 
are short, (^r and more numerous. The explana- 
tion of this divergcuKJC of practice must be 
sought in the relative cost of materials. A 
little reflection will show that by moans of the 
same wiaglit of timber a larger bearing surface of 
the sleepers upon the ballast would he effected in 
England in comparison with the usage in America. 
Thus, timber is economised at the expense of 
the east iron used for the chairs. 

Treatment of Sleepers. A usual 
length for sleepers is one and t-hrec-quartor 
times the width of gauge. When building a 
line of railway through land upon which timber 
suitable for sleepers is growing and avail- 
able for the ])urposc, at economical prices, 
it is well to provide that they shall be hewed 
on two sides, that the two aides thus hewed 
shall be parallel, and that all bark shall bo 
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feiaOTod olid endsi off sOttaHe The tiiat at remainfi a longer tune before It tnnst be 

IrM ehould bo felled m far as poatible in mid- renewed, thna obviating the neoeseitx of bo 

winter ; midsummer is the next best season. frequently disturbing the track, and in this way 

The Bleepers should be piled up along the line favouring smooth nmtnng of the trams and less 

*t ft* or 8 ft. from the rails The piles should wear and tear on the rolling stock and permanent 

rest on two pieces of waste uood or defective w^ ^ 

sleepers, and should consist of layers of sleepers In Oreai Britain, where timber is dear and 
placed alternately m directions at right angles money relatively cheap, preservation of sleepers 
with each other, allowing plenty of space for is almost universal Jn Canada, where contrary 
the circulation of air between The slecpeis conditions obtain, the reverse is the rule 

shonki be so piled six months, if possible, before Longitudinal Sleepers. The subject of 
they are laid down. sleepers cannot be dismissed without referring 

Life of Sleepers. In deciding the quality to the system of longitudinal sleepers, which at 

of Bleepers to be adopted upon a line, it is one time had a gieat vogue, and is not yet 

necessary to form some opinion regarding the entirely abandoned , particularly as the reason 

probable hfo of the various kinds from which uhich led to thoir adoption and the reasons that 
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choice may be made If a hard-wood sleeper have since determined tlieir abandonment are 
IS expecicKi to last twice as long as another good txampks of how changes in conditions 
and is quoted at a price half as much .igim, it affect lailway design 

becomes a matter of calculation which is really An illustrxtion of the longitudinal sleeper and 
the cheaper of the two , the calculation the form of lail assoc uted with it is given m 44 , 
should not be evaded because the data upon and also in the lepioduction of the photograph 
which it must be based is usually somewhat [45] Large balks of tun b( raie placed lengthways 
vague in its character The same applies to bimeath the rails, giving continuous support 
processes of pres<»rvative treatment The life The sleepers are con nectecl every 0 fk or 8 ft by 
of an untreated soft-wood sleeper may be six transoms of wood, 4 in by b m Those are 
or eight years, and that of the same sleeptr notched into the sleepers and held by bolts, so 
properly preserved 12 or 14 years in similar that the gauge of the lino may be maintained 
l^tuations ; upon this an estimate of the relative with certainty Thin pieces of hard wood are laid 
obonomy of the two may be based, remembering with the gram crossways between the rail and 
that the longer-bved sleeper has this in its favour, the sleeper, to prevent the latter being cut into 
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Of course these large balks of timber, having 
to be eut from large trees, are relatively more 
expensive than the smaller wood that is used for 
cross sleepers, and drainage is more difficult, as 
water tends to run along tlio line of the sleepers. 
This involves better ballast an^ more of it. 
These considerations have been found to out- 
weigh its manifold advantages, and have brought 
about its disuse, at all events for the time. I.<ess 
cogent reasons are found 
in the cumbersomcnfjss 
of the heavy timber, and 
the necessity of remov- 
ing a whole rail when a 
sleeper had to be re- 
placed in making repairs 
on the lino. Reference 
to the satisfactory 
nature of the joint that 
is made possible by the 
use of longitudinal 
sleepers will be made in dealing with the subject 
of rail joints generally. 

Iron Sleepers. An immense variety of 
iron sleepers have been devised. In some, the 
sleeper and rail have been combined in one 
longitudinal piece. In others wrought iron 
rails have been joined to cast-iron posts. One 
of the most used forms is the steel sleeper shown 
in 46. The illustration explains itself. The 
arrangement is very useful for temporary work, 
as it is very light. There are cases al.so where 
the material for the permanent way lias 1o bo 
transported so far that the saving 
in freight of the lighter weight of 
steel sleepers has (‘.aused their 
adoption. Under ordinary circum- 
stances, however, the relative prices 
of wood and steel b<*ing what they 
are, the use of steel for sleepers is 
not economical for the p(*rmanont 
way, unless, as in certain tropical 
countries, the white ant, or some 
analogous pest, is to be contended 
with. In such situations, it is also 
advantageous to use st<;cl keys in 
the chairs, if the design of the per- 
manent way adopted requires the 
use of keys. In fact, keys being in 
many situations more (exposed to 
the attacks of animal and vegetable 
organisms than sleepers, it is often 
found economical to use steel keys 
with wooden sleepers. 
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under fast traffic would quickly destroy any 
substance weaker than steel, are, by the arrange- 
ment and design, so spread out in transmission 
that they roach the earth below sufficiently 
diminished in intensity to be without appreoiablo 
effect upon it. 

The earliest iron rails were simply strips of iron 
laid down upon wooden stringers with the object 
of reducing the amount of wear which obtained 
with rails made entirely 
of wood. It still remains 
a most important part 
of the function of a 
modern steel rail to pro- 
vide metal for the wear 
occasioned by the traffic, 
but its function has long 
been very much ex- 
tended. A rail must 
offer a sufficient resist- 
ance to bending under 
a pressure from above to enable that pressure to 
be extended over several sleepers. Thus the 
blow delivered upon the rails by a jolt of an 
engine, which is received at the surface of the 
rails on the minute area over which the wheels 
arc in contact with the metals, comes to be dis- 
tributed over an area as broad as the permanent 
way itself and longer even than it is broad. 
This is so important that it must be insisted 
upon even at tlie risk of repetition. Just as a 
battleship is armoured against the blows of shot, 
the earth is armoured against the blows of the 
engine, otherwise it would be des- 
troyed very ((uiokly. 

Sections of Rail. The two 
most common sections of rail, the 
Jhill-hfad rail and the Vigrbohs^ are 
shown with dimensions in 47 and 
48. It will be easily understood that 
II very minute divtugence in the 
form of the cross-section being con- 
t.inued throughout the mileage of a 
railway becomes a maif/or of groat 
imj)ortanee. l^ach square inch in 
th(i cross section accounts for 10 lb. 
per linear yard, so that in weight of 
material alone a small difference 
may greatly affect the cost. Conse- 
quently, it is important that the 
cross section of the rail should be 
de.signod so that every portion of it 
may contribute equally to the useful 
work of the whole. In order to 



Function of Rails. Rails k allow for the quick wear, rails that 


give the name to the whole con- 
struction. All bridges, earthworks, 
and stations owe their existence to 
the rails, and the remainder of the 
permanent way is there for the purpose of sup- 
porting them. A railway consists essentially of 
nothing more than two strips of metal over which 
the wheels of the rolling stock may run smoothly 
and easily. Iteing constructed of steel, rails are 
able to withstand the blows and abrasion of all the 
passing traffic concentrated upon the narrow 
surface they present to it. The excessive pres- 
sures to which this surface is subjected, which 



BULL-HEAD RAIL 


will have to bear a very great deal 
of traffic, though not heavy fast 
traffic, will need a greater propor- 
tion of metal in the head of the rail 
than won Id otherwise be provided. Rails that are 
to be laid down in thinly populated districts are 
apt to suffer more from rust than other causes. 
In such a case, and where the rails may be 
subject to the action of corrosive gases and 
other causes of decay, a greater comparative 
weight of metal in the web — the portion which 
joins the upper and lower flanges — will conduce 
to a longer life. 
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YimAest rlkil, for all round purposes, is 
ueuatt/ rmled tviili 42 per cent, of the metal in 
the heed ; 21 per cent, of the metal in the web ; 
sa^ 37 per cent, of the metal in the foot or lower 
ftange. With the bull-head rail practice is 
not so constant. The similarity of the upper 
and lower flanges in this case naturally suggests 
that the rail should be made reversible, so 
that when the metal provided for that purpose 
is worn off the head, the rail can l)e turned over 
to present another new surface to 
the abrading action of the wheels. 

This plan has often been tried but 
not continued. By the time the upper 
flange or head has been sufficiently 
worn to require the turning of the 
rail, the pounding of the traffic has, 
by hammering the lower flange upon 
the seat of the chair, so indented and 
fatigued the metal that it is no 
longer in a condition to serve as the 
head of the rail. It requires the 
passage of 15 to 25 million ions to 
wear away in.— i.c., 1 lb. per yard 
(linoar) — off a steel rail. 

Wear on Curves. Hails laid 
down on curves of the line are sub- 
jected to special wear. The wluH'ls 
of a railway’s rolling stock are not 
arranged like those of 
road carriages. I’hc wheel 
of a road vehicle turns 
round on its axle inde- 
pendently of the other 
wheel. The wheels of 
rail ay carriages and waggons are, on the con- 
trary, fixed fast to the axles, and it is the latter 
that revolve in liearings provided for the purpose. 
This allo\^*s of a much stronger eonstnu tion, hut 
a result is that the two wheels tix(*d at I'aeh end 
of the axle are no longer inde|K*ndont, and must 
turn together or scra{>e aloug the rail. 

In going round a curve it will easily be seen 
that one wheel (that on tlie outside rail of the 
curve) has further to go than the otlier, con- 
sequently one or Ixith 
of them must slip. I’liis 
slipping action has a 
very important influence 
in deciding the align- 
ment of a railway. On a 
six-degree curve it may 
double the wear on the 
rails and affect the wheel 
flanges to an even 
greater degree, besides 
increasing the force re- 
quired to draw the i rain. 

The effect of wear due 
to this action which obtains on curves is shown 
in 50. effect of wear on straight portions 

of the lino is shown in 49. Wear is most 
marked on the outside rail against the inner 
aide of which the flange of the wheel is driven 
bjr what is known as centrifugal force. The 
grinding of the flanges of the wheels wears 
away tlie head of the rail at the side as well os 
at the top of the head. But the inside rail 
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is also ground in a loss degree, because as the 
reotangla formed by the lowest points of the 
four wheels of a truck is going round a curve 
it has a tendency to stick, as any other square 
body that just passed easily lietween two 
parallel walls wwld tend to stick or jamb if 
the walls made a bend. Altogether the wear 
on the rails due to curvature amounts to 
about i lb. per degree of curvature, per linear 
yard per 10,000,000 tons passing over it in gross. 

Length of Rails. Tliough the 
most usual length for rails is .HO ft., 
lengths of 45 ft. and even 60 ft. have 
been made and used, and wanuly 
advoc'flted. 

Obviously, tlie longer the rail, the 
fewer the joints ; and joints are a 
source both of weakness and expense 
to a railway. Of course, increased 
length gives increased weight, and 
rails of a large cross-section are very 
heavy to handle. This, however, is 
not sufficient to balance the advan- 
tage of few^er joints. The chief draw- 
back to very long rails lies in the 
difficulty of providing means for ex- 
pansion due to change of temperature. 
l.ong rails are therefore of special 
value only in situations where the 
range of possible tem- 
jxMatures is moderate. 

Tn laying down the 
riermanent way the plate* 
48. VIONOLES BAIL layers place a Small piece 

of metal, w^bich is often 
callecl a skim, hetwTX'n the ends of the two rails 
at each joint to ensure that they shall lie laid 
at a distance apart suitable to allow for the 
changes of length brought aliout by variations 
of U'mperature. Where HO ft. rails are being laid, 
th«* thickness allowed may he in. for the 
coldest weather and in. for the very hottest. 
Al)Out r .4 is reijuired for every 20° F. in the 
range of tempeiatiire 

When laid upon a curve the length of one 
rail must be in- 
creased or reduced 
a little, or, since the 
inner rail is the 
shorter of the two, 
tlie joints on this 
rail will gain upon 
the joints on the 
ouUt rail. If & ho 
the angular diver- 
gence of tlie curve 
50. WK\H OF RML A and r ft. the radius 
ounvKi) TKA('K of the outer rail, the 

difference in length 
wdll obviously amount to r - 0{r - 4*8.‘l) for a 
line of standard gauge. 'I’hus the difference 

for each degree becomes -= 084 ft. or 

00 X 2 

I in. nearly. Hence, it is common to provide 
a nuiubiT of rails cut 4 in. shorter than the 
rest, ft. 8 in., and to allow three for 

every 12 degrees of curvature. 
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Beings a Short Study of English Prose Fiction, chiefly of the Victorian Era. 

Cciitiiinod from 
pajre SS47 

Bulwer-Lytton, Disraeli, Thackeray, Dickens, the Brontes, George Elict, etc. 


By J. A. HAMMERTON 


I F we ever had any measure of doubt as to the 
* importance of the novel in the literature of 
our country, wo could have gone but a little 
way in the sfiidy of ninoloenth century fiction 
ere we realised that one of the chief glories, if not, 
indeed, the chief gloiy, of English letters during 
that period was the novel. We have seen how 
the novel originated, how it was acclimatised 
in England, and how in the prose fiction of 
Scott it reached, so soon in its history, the very 
height of its possibilities. In the present study 
we shall follow its development from the time of 
Scott to the close of the last century, but con- 
fining our attention only to the novelists whose 
carcHii s have been rounded off by death. Perhaps 
the most st riking fact disclosed by this survey 
is the evolution of what was originally a form 
of amusement into an instrument of social, 
political, and religious propaganda. One often 
hears about the novel with a xmrpose,” us 
though it were a new tiling ; but long ago 
Dickens and Charles Rcade proved that the 
novel was a powerful means — ^KU'liaps (he most 
powerful — of awakening the conscience of the 
nation. Although the novel with a purpose has 
flourished and still (lourislics with us, “ The 
Jungle ” being the latest example, on the wIkjIc 
there arc signs towards the close of the jxuiotl 
dealt with of a return to romance. 

Contemporaries and Disciples of 
Scott. One of Scott’s oontcniponirii'H ami 
followers in fiction was John (Jai.t (b. 1770 ; 
d. 1839), Galt wrote a long sci ics of Scoltislj 
tal(‘.s, and was tlie real progenitor of (lie so* 
called “ Kailyard School ” of Scots liclioii, which 
came so mucli to the front in the last decade of 
the century. The pathetic “ Autobiography of 
Mansie Waugh,” often attributed to him, avus, 
however,, the Avork of David Macbeth, Moik 
( b. 1798 ; d. 1831). Thomas ITock (b. 1770; 
cl. 1831) in his “ Anastatius ” showed what 
could yet bo made out of the storied Ea.st. 
James Justinian Mouier (b. 1780 ; d. 1849) 
also wrote several Oriental romances. In 'llie 
Adventures of Hajji Baba in Ispahan” his 
intimate knowledge of Persian life is di.splayod 
to advantage. The art of romance wriling is 
also exemplified in ” Salathiel,” ” Tales of the 
Groat St. Bernard,” and ” iMarston,” of the 
Kkv. George Croly (b. 1780 ; d. ISOO). 
John Wilson (b. 1785; d. 1854), the “ Chri.s- 
topher North ” of ” BlaekAvood’s Magazine,” 
was, like Galt, a follower of St;oti. His “ Lights 
and Shadows of Scottish Life ” and “ The 
Trials of Margai*et Tandsay,” on Avhich liis 
reputation as a fiction writer may be said to 
rest, are, however, but little read to-day. 
Thoma s Ia^ve Peacock (b. 1785 ; d. 1860) 
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poured no little Avit and knowledge of character 
into the seven novels which stand to his name — 
“ Headlong Hall,” ” Melincourt,” “ Nightmare 
Abbey,” “ Maid Marian,” ” The Misfortunes of 
Elphin,” “ Crotchet Castle,” and “ Gryll Grange.” 
These works remain, like those of Landor, 
caviare to the general reader, but must not be 
neglected by the student. Their whimsical 
humour is set off by the songs and lyrics scat- 
tered through tlicm. 

The Early Lady Novelists. Frances 
Trollope (b. 1780 ; d. 1863), the mother of 
Anthony Trollope, aa^rs an industrious writer, of 
Avhose many novcli^ “ 33ie Vicar of Wroxhill ” and 
“ I’he Widow B.irnaby ” are best remembered. 
Her books Avill ahvays appeal to students of the 
manners and the tempiu* of one of the most 
interesting periods of modern English history. 
Susan Edmonstone Ferrieu (b. 1782 ; d. 1854) 
was a caustic but kindly -hearted delineator of 
old maids, pretty inanities, gauche doctors, and 
mock heroes. lake Maria Edgeworth and Fanny 
Burney, Miss Ferrier, in ” Marriage,” “ The 
Inlieritance,” and ” Destiny,” laid bare the 
“ humours ” of her tinu*. A gifted satirist of 
luM' S(‘x, she found a wi'alth of material in the 
society amidst whicli she moved in Edinburgh. 
Some of her works are still occasionally reiirinted, 
and the general rc^ader as avcII as the student 
will (ind jirofit in them. 'Ulie character not less 
than the Jitcrary gifts of Sydney Lady Morgan 
(b. 1785; d. 1859) are Avell dlustratcd in her 
noA^el, “ The Wild Irish Girl.” Mary Russell 
Mitford (1). 1787 ; d. 1855) Avi’ote “ (3ur 
Village,” a series of delightful sketches which 
enshrine tiic life of the little hamlet of Three 
Mile (h'oss, near Reading, with a fidelity liorrowed 
from Grab be, a smoothness that recalls Miss 
Austen’s pielur(‘s of StcA-enton, and a pleasant 
humour that was all her OAvn. 

The Romance of the Sea. With 
William Nugent Glasc ock (b. 1787 ; d. 1847) 
began the modern novel of the sea, which 
developed in the hands of Michael Scott 
(b. 1789; d. 1835), author of “Tom Cringle’s 
Log ’’ and “ The Cruise of the Midge,” two of 
the Ixist sea stories e\x*r Avritten, though dis- 
cursive and lacking literary grace ; James 
ITannay (b. 1827 ; d. 1873) ; Edward Howard 
(d. 1841), Avho wrote “ Rattlin the Reefer” ; and 
(Uptain Frederick Chamieu (b. 1796 ; d. 1870), 
(he author of “ Ben Brace " ; and culminated 
in the extravagant but popular romances of 
(hvPTAiN Frederick Marryat (b. 1792 ; . d. 
1848) and William Henry Giles King.ston 
(b. 1814; d. 1880). Marryat’s “ Peter Simple,” 
“ Jacob Faithful,” and “ Itfr. Midshipman Easy ” 
are, perhaps, the best and most popular of his 





^ vorkB. llieir author owed mueh to his 
' stiid^ 9 I Smollett, whose influence Is also re* 
yealed in the novels of Thisobobk Edw4bd 
Hook (b. 1788 ; d. 1841), the author of “Jack 
Bre|;/’ Hook’s ^ft for satirical caricature was 
^frohably not witnout influence on Dickons. 

Some **ilalf > forgotten’* Novels. 
EiciiABD Habbis Babham (b. 1788 ; d. 1845), 
author of the ever entertaining “ Ingoldsby 
Legends,” and friend and biographer of Hook, 
wrote one novel in his later years, “ My Cousin 
Nicholas.” Marguerite, “ the most gorgeous " 
Countess of Blkssington (b. 1789; d. 1849) 
was the butterfly of a day. Her numerous novels, 
together with the “ Keepsakes ” and “ Books 
of Beauty ” which she edited, are now forgotten. 
T! 1 ie veil of oblivion has also fallen over the his- 
torical novels of Anna Euza Bray (b. 1790 ; 
d. 1883) and the tales of Anne Marsh Cald- 
well (b. 1791 ; d. 1874). Edward John 
Trelawnby (b. 1792; d. 1881), the friend of 
Shelley and Byron, will long be rememljcred 
llirough his delightful “ Adventures of a Younger 
Son,” a novel which is largely of an autobio- 
gr^hical character. 

The Romance of War. With William 
Hamilton Maxwell (b. 1792 ; d. 1850) we 
come into touch with a school of military 
novelists which also included George Robert 
Gleig (b. 1706; d. 1888), Charles James 
Lever (b. 1806 ; d. 1872), author of “ Charles 
O’Malley ” and some three dozen other rollicking 
Irish stories, many of them extremely enter- 
taining and extremely antnie to life, and 
James Grant (b. 1822 ; d. 1877), of whoso fifty- 
odd works “ The Romanee of War ” and 
“ Adventures of an Aide-de-(’amp " are still 
worth reading. The “ Traits and Stori(*s of the 
Irish Peasantry ” well repre.senl Wi lliam Carle- 
ton (b. 1794 ; d. 1S60) ; and of the lit mgs of 
Samuel Lover (b 1797 ; d. 18<)8), another liisb 
novelist, “ Ho Would be a Gentleman ’’ and 
“ Handy Andy ” are among the lK*st. John 
Banim (b. 1800; d. 1842) and Michael Banim 
(b. 1796 ; d. 1874) eollaborated in “ 'fhe (f Ilara 
Tales,” a series of melodramatic stories illus- 
trating Irish life, also reflected in the novels of 
Mr. S. Carter Hall (b. 1800 ; d 18S1). Mary 
Wollstonecraft Shelley (b. 1797; d. 1S51) 
wrote in “ Frankenstein ” a novel which, despite 
its horrible theme — the creation by a studimt ol a 
semi -human monster — possesses sufheient of the 
elements of human interest to preserve it from 
oblivion. Catherine (^rowe (b. 1800 ; d. 
1876), authoress of “ Susan Hopley,” Avas another 
novelist with a leaning to the supernatural. 

A Word on Melodrama. Th<* historical 
novels of George Payne Rainsford James 
(b. 1790 ; d. 1860) possess little interest to-day 
save that they illustrate how a man with sound 
knowledge but little imagination may imitate 
the example of such a genius as Scott without 
conveying a scintilla of the Arivacity or charm 
of the model. Much the same may lie said of 
the romances of William Harrison Ainsworth 
(b. 1805 ; d, 1882), except that Ainsworth may 
be considered as the father of the novel Avhich 
depends upon a succession of exciting incidents 
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for its popularity is to say, the melo- 
dramatic novel. Much of the Action which is 
most popular to-day is sheer melodrama, and 
possesses no likeness to life. Merely to invent 
“ situations ” and licnd the whole tale to fit 
these incidents is to produce a Ioav, but always 
popular and often readable, form of Action. 

George Borrow and Others. Passing 
the “ society ” novels of Thomas Henry 
Lister (b. 1800 ; d. 1842) and Cathe- 

rine Francks Gore (b. 1799; d. 1861), the 
one novel (“ Deerbrook ”) of Harriet Mar- 
tineau (b. 1802 ; d. 1870), and tlie essays in 
fic tion of Douglas Wiluam Jerrold (b. 1803 ; 
d. 1857) we find much that is worthy of careful 
study in the w^orks of George Henry Borrow 
(b. 1803; d. 1881), whose “ Lavengro ” and 
“ Tile Romany Rye ” did so much to inspire 
“ the renascence of wonder.” They are splendid 
in the virile simplicity of their style and charm 
by reason of the intense intoicst which the reader 
immediately feels m the narrative, which is 
largely autobiographic. 

The Novels of Bulwer « Lytton. 

Edward George Earle Lytton Bulwee- 
Lytton (b. 1805 ; d. 1873) was in a sense a 
parent of the penny novelette. With a versa- 
tility akin to genius he turned his hand to many 
kin^s of literary work, and succeeded, for a time 
at least, m nearly all that he attempted There 
were tw’o excejitions — he* failed as a poet and he 
made a sad hash of his private life by an ill- 
advised marriage. One of the most prominent 
and, during his lifetime, one of the most popular 
of the Victorian novelists, he played a part in 
fiction similar to that fulfilk*d by Byron in poetry. 
He post'd as lli(» man of the world in “ Pelham,” 
as the man of feeling m “ Ernest Maltravors ” 
(which Miss Buirelt admired agamst Browning’s 
severer judgment), and as the man of mystery 
in “Zanoni.” The novel of horrors has in 
“ A Strange vStory ” a supreme example ; than 
“ The Haunted and tlie Haunters,” contributed 
to a magazine which had hailed Lytton as a 
ehailatan, no bettc'r ghost story has been 
written Lytton essayed the historical romanee 
in “ The Taist Days ot Pomjieii,” “ Tlie Last of 
the Baions, ' “ Kii'ii/i,’ and “Harold”; the 
ciimmal novel in “ J’aul Chflord ” and “ Eugene 
Aram ” ; and the novel of domestic life and 
ambition m “ The Caxtons,” “ My Novel,” 
and “ Wiat Will He Do With It ? ” 

It is easy to eondemn Lytton, as it Avas 
easy, onci* the tuck of his style had been 
caught, to imitate or to satirise his wTirk ; 
but this A\()ik has a coitam importance for 
the student of hteiatiire of the period in 
whieli Lytton WTote, mid of the evolution 
of the English novel. For a time Lytton’s 
success eclipsed the jiopulaiity of Scott; that 
Scott came to his oAvn again, and that Lytton 
now ofcupk's quite a minor place in English 
letters, are facts the leasons for which Avill soon 
be fairly obvious to any conscientious student. 

Robert Smith Surtees (b. 1803 ; d. 1864) — 
“ Jorrocks ” — w'loto a number of sporting 
sketches whicfi are believed to have suggested 
to Dickens the plan of the “ Pickwick Pafiers.” 
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Lord Beaconofleld as a Novelist. 

A writer who, with Ainsworth and Lytton, 
came under the lash of Thack<^ay’s pungent 
satire, but wiio was a much greater man, than 
either, was Benjamin Disraeli (b. 1804 ; d. 
1881). Disraeli’s career and versatility afford 
a parallel to the life and activities of Lytton ; but 
the author of “ Vivien Grey,” “ ^J’he Young 
Duke,” “ Contarini Fleming,” “ Henrietta 
Temple,” “ Venetia,” “ Coningsby,” “ Sybil,” 
“ Tancred ; or, the New Crusade,” “ Lothair,” 
and “ Endymion,” won greater distinction 
as a statesman than as a novelist, and his works 
are valuable chiefly as so many keys to the secret 
of his extraordinary progress from obscurity 
to power and place. “ (Joningsby,” “ Sybil,” 
“ Tancred,” ” Lothair,” and ” End^miion ” possess 
permanent interest for the student of politics. 

Mrs. Gaskell and Others. Between 
Disraeli and the next great figure on our 
list- come the namt^s of Julia Pardoe 
(b. 1806 ; d. 1862), whose sketches of Eastern 
life are of some value ; Samuel W^uiren 
(b. 1807 ; d. 1877), the author of “ Passages from 
the Diary of a Late Physician ” and ” Ten 
Thousand a Year ” ; Anne Manning (b. 1807 ; 
d. 1879), who wrote a series of tales of sixteenth 
century life ; Philip Meadows Tavixir (b. 
1808 ; d. 1876), the author of several (capital 
tales of Indian life, including the “ Confessions 
of a Thug ” ; and Eijzabetii Ci.eohorn (Has- 
kell (b. 1810; d. 1805). Mrs. Gaskell’s 

” Mary Barton,” a story of factory life, and 
” Cranford ” form a link between the work of 
Jane Austen and that of Charlotte Bronte, 
whose biographer she was. 

The Two Aspects of Thackeray. 
William Makepeace Thackeray (b. 1811; 
d. 186J) has to be considered, as Scott is con- 
sidered, in two aspects — as a great novelist and as 
a great moral influence. No one who knows his 
Thackeray can ever misinterpret the meaning of 
the word “ gentleman,” or, with Tluiekeray in 
his mind, fail to distinguish the real from the 
sham in eharaotoi’ or in sentiment, ’riiackeray 
has been lightly called a cynic. The word applii?d 
to him is wholly misused. No writer since 
Scott had so true or gentle a heart, as Thack(‘ray 
had, and his works are indeed, like Scott’s, 
” a liberal education.” At the same time there 
is a groat deal of force in the contention that, 
whilst Tliackeray saw, loved, felt, and makes 
us love the higher, brighter, purer side of life, 
ho hod a surer hand when depicting what was 
base and artificial. For explanation of this we 
must look to the political and social circumstances 
of the time in which he lived and wrote, and to 
his peculiar sensitiveness to all around him. 
Thackeray was no cynic, but ho is the grecatest 
of English satirists, a man who gibbeted snobbery 
for all time, having first of all dissected its 
anatomy and laid its organs b«are. 

Thackeray’s Philosophy and Realism. 
With Thackeray, philosophy worthy of the 
name first showed itself in English fiction ; 
by the side of Thackeray’s work, what Lytton 
passed off as philosophy is seen to bo mere 
(even if unconscious) affectation. Of 17iackcray’s 
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novels, “ Pendwinis,” “ Esmond,” and “ TheNew- 
comes ” are unquestionably the masterpieces. 
They reflect life. As Professor Saintsbuiy says: 
“ Every act, every scene, every person in these 
three books is real with a reality which hfis been 
idealised just up to, and not beyond, the neces- 
sities of literature. It does not matter what 
the acts, the scenes, the personages may be. 
Whether we are at the height of romantic 
passion with Esmond’s devotion to Beatrix, 
and his transa(;tions with tlie duke and the 
prince over diamonds and title-deeds ; whether 
tlie note is that of the simplest human pathos, os 
in Colonel Newcome’s deathbed scene; whether 
we are indulged with society at Baymouth and 
Oxbridge ; whether wo take part in Marl- 
borough’s campaigns or as.sist at the Back- 
kitchen — we are in the House of Life, a mansion 
not too frequent ly opened to us by the writers of 
prose fiction.” Of the much-debated “ Vanity 
Fair ” it must suffice if wo say that it admirably 
exemplifies Thackeray’s creed, w^hieh, simply put, 
is that goodness, however it may bo scorned, 
is its own sufficient great reward. One of the 
giants of English letters in the last century, it 
is, of course, unrujcessary to say that the whole 
library of his works must attract the student 
and tlui general reader alike. 

Charles Dickens. Before turning t6 
the works of Charles Dickens (b. 1812 ; d. 
1870), the young stud(*nt could not do better 
than reiwi the “ Life ” of Dickens by Forster. 
Although ofUm criticised, that is an excellent 
biography, ample in its information, intimate 
in its knowledge, and the reading of it is 
wond(5rfully stimulating. It is beyond all 
compuOition how many have been helped to 
smile through their tears and to take their 
courage in both hands under the influence of the 
inimitable, imj)erishal)le humour of Charles 
Dickens. Dick(^ns saw the soul of goodness 
in things evil ; his was the saving grace of 
humour ; and his books, api)ealing to a far 
wi<lcr circle than the works of Thackeray, arc 
among the best examples English literature 
has to show of tiie novel with a purpose. Where 
Thackeray inspiri's our admiration, Dickens 
compels our love. He has enshrined in his 
wonderful portrait gallery not only the short 
and simple annals of the poor of a period happily 
now no more, but he has shown us the possibilities 
of goodness and t)f happiness even in the most 
unlikely circumstances and characters. He 
has moulded and fashioned common clay 
till we see its relationship to that which 
goes to the making of the finest porcelain. 
Through him tlie rich have come to understand 
the poor, and the poor have arrived at a clearer 
realisation of themselves. What Dickens stood 
for in a social sense has been long since largely 
attained ; and the pose that affects to find his 
writ ings coarse or obsolete is an unworthy affecta- 
tion to be x^itied, perhaps, more than condemned. 

Dickens’s Merits and His Limitation. 
Dickens was “ self-educated ” ; he had obvious 
limitations, but his absolute genius is oven more 
pronounced than tliat of Tliackeray, of whoso 
pictures of high life Dickens’s ti'amscripts from 



LITCftATURft 


humble life may be said to form a nooessary 
counterpart. Indirectly, Dickens may be taken 
as a warning by the young \vTiter. When Dickens, 
as in Oliver Twist,” wrote of what he knew, he 
fashioned for himself a permanent niche in the 
temple of fame. When, as in “ Nicholas 
Nickleby,” he attomptixl to illustrate a ph»vse 
of life with which he was unacquainted, he failed 
sadly. After reading the “ Life ” the student 
should read “ David Oopperfield,” w]\ieh is 
largely autobiographical. Of Dickens’s novels 
it has to be said that they are chiefly tales of 
town life ; that, in the main, their plots arc 
indifferent, though he is not lacking in the 
element of drama; 

«md that their suc- 
cess depends upon 
their c h a r a t e r 
studies or “ h u- 
moure,” as Jonson 
would have called 
them. As ho wrote 
so largely of social 
conditions which 
have passt^d away, 
later gemerations 
may find their int(^- 
rest in his works 
less readily ex(uted 
than was tlio oi\so 
with our fathers ; 
for the present 
generation i.s not 
quite so devoted to 
Dickons study as 
tlio last ; but his 
novels are among 
the imperishable 
possessions of our 
national literature 
and command the 
attention of every 
student of Knglish 
fiction. 

From Reade 
to Kingsley. 

Charles Ueade 
(b. 1811 ; d. 1884), 
who, like Dickens, 

“wrote with a 
purpose,” but who, 
unlike Dickens, 
was a scholar of 
no mean attain* 
m e n t s, attacked 
prison scandals in “ Tt is Nov^er Too T.ato 
to Mend,” private lunatic asylums in “Hard 
Cfwh,” and coffin ships in “ Foul Play.” 
He has left us a vivid picture of factory life in 
“ Put Yourself in Flis Place,” but his greatest 
book is indubitably “The Cloister and the 
Hearth,” a medioival romance? based on the 
“Colloquies” of Erasmus. Joseph Sueripan 
LB Fanu (b. 1814 ; d. 1873) was an Irish 
novelist with a strong bent towards the “ un- 
canny.” Ho wrote some sixteen books in all, 
of which “ Uncle Silas ” is perhaps the best. 
No one has excelled him in the writing of the 
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ghost story; not even R L. Stevenson could 
“ achieve the grue ” with such weird success as 
Le Fanu. Anthony Trollope (b. 1815 ; d. 
1882) should be approached first of all in liis 
“ Autobiography.” His innumerable novels, 
of which “ Barehestcr Towers,” “ Framlcy 
Par.sonag(5,” and “ Orley Farm ” are the chief, 
contain some charming studies of women, and 
represent very faithfully English clerical life. 
They are invaluabh? to the st,ud(*nt. of the 
Victorian era, and will almost certainly enjoy 
in the future far greater popularity than 
they have had since TrolkqKi passed away. 
(’KARLOiTE Pro NT I’ (b. 181(5; d. 1855) struck 
ill “Jane Eyre,” 
“Shirley,” and 
“ Villette ” the first 
clear bell-note of 
modern English 
womanhood. Her 
work is part of her 
own pathetic lifo- 
.story. Kmily Jane 
Bronte (b. 1818; 
d. 1848) also dis- 
played exceptional 
if morbid pow'cr 
in “Wuthering 
Heights”; and 
CUi'arlotte’s j^’ornig- 
est sister, Anne 
Hrontk (b. 1820; 
d. 18^1), wrote two 
novel.s, “Agnes 
(Jrey” and “ Tho 
Tenant of Wildfoll 
Hall,” w4uch, while 
they gain in inte- 
rest from their per- 
sonal associations, 
vividly picture 
moorl.-Hid sceneiy 
and tJie life of a 
governess. Before 
taking up tlic works 
of the tfir<‘(* sisters 
th<‘ slutlent sliould 
read Mrs. (laskell’s 
classic? “ Life” of 
( liarlotte Bronte, 
and Mr. (element 
Sliortcr’s interest- 
ing little book on 
“ (3iarlotte Bronte 
and Her Sislors.” 
(’HARLE.S Kinusley (b. 1819 ; d. 1875) was 
a follower of Frederick Ucnison Maurice and 
Thomas (-arlyl<\ and a manly exponent of 
“ iiuiscular Christianity,” or “ Christian Social- 
ism.” His books p().sscss the prime quality of 
stimulus: “Alton Locke” and “Yeast,” in 
))articular. “ Westward Ho ! ” and “ Hcreward 
the Wake,” fine historical roinanee.s, will always 
have a warm place in the hero-loving, adventuro- 
sc?ekinu heart of youth. Henry Kingsley 
(b. 1830 ; d. 1876), tho brother of Charles, 
wrote several novels, chiefly of Colonial lifi’. 
His mastt?rpio(;e was “ Ravonshoc,” whioh 
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deserves to be remembered with the best work “ Robert Faloon 0 r«” “ Aleo Fdrbee,*^ ** David 
of the author of “ Westward Ho ! ” and in the Elginbrod*’* and ** Sir Gib^e ’’ are full of 

judgment of some critics is superior to any of humour of Scottish life as seen by a devout 

Charles Kingsleys novels. Calvinist ; Jambs Payn (b. 1830 ; d 1898), 

A Great Woman Novelist. Geobgb author of Lost Sir Massingberd ” and “ By 

Euot (Marian Evans) (b, 1819 ; d. 1880) Proxy ” ; John Hbnry SHORTHOtJau (b. 1834 ; 

is one of the greatest of English women d. 1903), author of John Inglesant ** ; Walter 

novelists. As was the case with Jane Austen, Bksant (b. 1838 ; d. 1901), whose “ All Sorts 

and even more the case with Charlotte Bronte, and Conditions of Men ” prompted the People’s 

George Eliot put herself and her actual Palace, and who ctdlaborated with Jambs Kicb 

experiences into what she wrote. Her books (h. 1843; d. 1882) in “ Ready-Money Morti- 

are, for the most part, real, sincere, earnest. boy ” and “ The Golden Butterfly,” the last- 

Her genius flowered late ; some of her named of which contains many wholesome 

writings have the effect of finishiHl buildings morals for the literary aspirant on the difference 

from which all the scaffolding has not l^eeii Indueen doing work and thinking about it ; 

taken down ; but her contributions to the novel William Black (b. 1841 ; d. 1898), authol'^f 

of manners, and particularly of the rural life of “ A Daughter of Hoth ” ; Richard Doddridge 

her native Warwickshire, are of lasting and living Blackmorb (b. 1825; d. 1900), who wrote 

merit. With George Eliot the writing of fiction nothing better than “ Loma Doone,” a romance 

was the art of thinking aloud, the novel was of his native Devonshire ; George Gissinu 

a form of philosophy ; but in the forefront of (b. 1857 ; d. 1903), to whom culture was no 

herphilosophy, which, like Carlyle’s, was devotion protection against the iiessimism that is often 

to duty, her characters stand out with lifelike the companion of poverty ; and Hugh Stowbll 

fidelity. She was influenced more, perhaps, Scott (“ Henry Seton Merriman ”) (b. 1863 ; 

than any other English woman winter has d. 1903), whose novels, though essentially melo- 

boen by her foreign, and esiiecially (German, dramatic, arc characterised by a genuine gift 

studies. The “Scenes of Cleiical Life,” “ Adam of oKservation. 

Bedo,” “Tho Mill on the Floss,” and “Silas Stevenson as a Novelist. Robert 
Mamer” display her genius at its liest. Lor i.s Balfour Stevenson (b. 1850 ; d. 1894) 

“ Romola,” a story of tho Italian Ronais.sanee, crowded many aidivities into a short life and 

will always have its admirers. It betrays put a heavy strain on a physique by no 

scholarship of no ordinary kind ; but it was means strong. As wo have already seen, he 

brilliant task work, and its author said after- wsayed other walks than that of fiction ; 

war^ that she was a young woman when slio but it is as a novelist that he brought tho 

began the book and an old one when she finislunl greatest influence to bear upon contemporary 

it. “ Daniel Deronda,” another piei'c of task JitiTatun^. This influence was of a two-fold 

work, should bo studied with Disraeli’s “ 1’an- charjwler In the first place it was tho influence 

cred ” by those interested in tho mysteries of of a writer for whom form was a dominating 

the Hebrew character. concern ; in the second place tho influence was 

Other Notable Victorian Novelists, that of one for whom the world was still young, 

Before passing to tho one other great name and who, lielieving that to the young in heart 

that must detain us ere we take up a brief all things are iiossiblo, succeeded by the exercise 

study of living novelists, mention must bo made of his genius in reviving the latent spirit of 

of the novels of Mrs. Henry Wood (b. 1814; romance. Stevenson was equally at home in 

d. 1887), authoress of “ East Lynne ” ; Mr.s. dealing with the p<"cu]iaily horrible — witness 

Lynn Linton (b. 1822; d. 1898), who put “The Body-Snatcher” and “ l>r. Je^ll and 

much autobiographical material into her Mr. Hyde ” ; pure adventure, as in “ Treasure 

“ Christopher Kirkland ” ; Charlottb Yonge Island,” which first won for him tho suffrages 

(b. 1823; d. 1901), authoress of “Tlie Heir of of a wide public, and “Kidnapped”; allegory, 

Redclyffe”; Dinah Maria Mulock (Mrs. as m “Will o’ the Mill” and “Markheim’^; 

Ckaik), (b. 1826 ; d. 1887), who wrote “ John and the purely romantic, as in that haunting 

Halifax, Gentleman ” ; Margaret Ouphant story of tho South Seas, “ The Beach of 

(b. 1828 ; d. 1897), whose life-story is, per- FalesA.” In the serious work of novel writing, 

haps, more interesting than any of her distinct from tho short story, the phantasy, 

novels ; Ada Ellen Bayly (“ Edna Lyall ”) or the book for boys, Stevenson’s gifts are 

(d. 1903), authoress of “ Donovan ” ; George seen at their best in “ The Master of Ballan- 

John Wuyte-Mblvillb (b. 1821; d. 1878), troe.” The uncompleted ** Weir of Hermiston ” 

who wrote well of life in the “ shires ” ; Thomas is sufficient answer to those who may ho 

Hughes (b. 1822 ; d. 1896), author of “ Tom inclined to attach any credence to the fear 

Brown’s Schooldays ” ; Wilijam Wilkie felt by Stevenson towards the close of his short 

OiLLiNS (b. 1824 ; d. 1889), author of “ TTie life that his powers were deserting him. He 

Woman in White ” and “ Tho Moonstone,” was equally a master of the novel and the short 

models of a long line of detective stories ; story. Yet he is likely to be remembered in the 

George Maqdonald (b. 1824 ; d. 1905), whose years to come chiefly for his essays. 

CoiUinued 
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HATTERS 

. A ftian’s hat proclaims to tho expert in hat loro 
his country, class, and tho century in which ho 
lives or lived. Fashions in hats are constantly 
changing, and in all ages there have boon ex- 
tremists who have either worn the most elaborate 
headgear or have gone bare-headed. Of laU> 
years it has been tlu^ fashion during the silly 
season to make a crusade against the silk hat, 
and yet it still continues to be the stamp of 
respectability and smartness. Tho workman 
and the sportsman may wear caps, but the 
aristocrat and the professional man alike appear 
in silk hats. 

It is the duty of tho hatter to eater for all 
classes, and as hats may fairly be considered a 
universal article of wear, it naturally follows 
that his business will Hourish as long as ho 
supplies tho needs of the people. As a general 
mlo, hats are sold by hatters and outtitters, as 
veil as by many tailors, and there is no doubt 
it is a business that harmonises well with 
hosiery and general outfitting. 

Premises. The hatter's premises should be 
centrally situated because, dealing in only on(^ 
class of men’s wear, he must be easy of aeeess. A 
good window is essential, two are desirable, 
and there should be a fair amount' of room in 
the shop interior. Ifatbns pure and simple? 
are not numerous, but there are a goodly 
number to bo met with in most cities and largo 
towns. 

There are many stylos of conducting a busine: s 
of this kind ; for inst,ance, a celehral,od firm of 
hat manufaetiirers has opened a large number 
of branches in different parts of London to supply 
a large variety of hats at 3s. 9d. each, keeping 
nothing higher or lower in price. 

As a general rule, however, it is found bettor 
to keep a general stock of the various kinds of 
hats and caps worn in the district at a good 
range of prices. In some few districts it is 
pot;isib]e to make a good business from the sale of 
some speciality, such as, for in.‘<tanee, sporting 
styles, hats for riding, or boating, Some 
retailors make a leading lino of clerical hats, 
wUle others lay themselves out to supply tho.so 
special styles woni at Court. 

Buying the Stock. One of the most im- 
portant qualifications for success is to know' 
exactly the requirements of tho neighbour- 
hood, for the hats and caps sold in Whitechapel 
differ considerably from those required in 
Piccadilly. It has al.o boon found that tho 


range of sizes* required in one district varies 
from tho.se of another, cons(*quently our first 
and most emphatic udvict^ is to know your 
prospective customers’ recpiirenicnts as regards 
size, style, and shape, and to buy aceordingly. 
The hattKU’ who wislu^s to do a good trade will find 
it necessary to stock many styles that cannot 
by any stretch of imagination be called fashion- 
able, for there are always some men in every 
district who prefer the old styles. On the other 
hand, ho will nupiire a sidection of the newest 
patterns, and in both of these there is a danger 
of making bad stock, so that at both ends of tho 
range of style it will be well for him to buy ns 
sparingly as possible. 

Classification of Stock. His stock may 
be classified as follows : 

Silks. Fashionable styles, livery hats, clerical 
hats. 

Straws. Various shap<5s, diOVrent plaits, 
assortment of prices. 

Felt.s. Hard and soft, various styk^s in taicli, 
coloured and black. 

(’APS. Styles to suit districts. Good range 
of patterns and pricers. 

Sun DRIES. Hat-bands, bat guards, pads, 
brusbes, coi kadcs. 

The range of sizes generally runs from (ij 
to 7J young miJii’s hats, and lij; to 7] for older 

men's styles. 

A very small seloirtion of the extreme sizes 
suffice so tbat tlie dozen assortment would I’un 
as follows. 

1 2 3 3 2 1 

hi hi hi 6J 7 7i 

and for tho OJ to 7 range when only a half-dozen 
of a kind are stocked, tho sizes are assorted on 
the 1, 2, 2, 1 plan as, for instance : 

12 2 1 
hi hi hi 7 

For a im dium class of trade the prices would 
range from 2h. (id. to fis. Cd. for felts, 8h. (id. to 
15s. for silks, Is, Cd. to 3s. Gd. for straws, and 
fid. to 3s. fid. for caps. Of lak^ years caps 
have come very much to the fore, and much 
liighcr priced caps are sold than was formerly 
the case. 

Hat Sixes. As we have already stated, 
tho usual run of hat sizes is from fij to 7j. 
the particular size being found by measuring tho 
length and width of the inside of the hat, adding 
them together and dividing by two. 
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Stock sizes are made to ike following dim^- 


ons: 



Size. 

Length. 

Width. 

64 


5} 

fif 

71 

5} 

61 

7i 

6 

6} 

7| 

H 

7 

7i 

Cl 

n 

n 


n 

8 

H 


Tho circumforencoa of the different sizes ar 


as follow 

: 

Circuinftireuce 

Circa inference 

Size. 

of linud. 

of hat. 

51 

m 

i‘4 

6 


18| 

19| 

61 


19| 

‘201 

6; 

[ 

10| 

20| 

6 

\ 

20 

‘21 

6 

\ 

20i 

21i 

61 

\ 

20J 

22 


\ 

2li 

‘22-1 


i 

21 1 

•223 

7 


22 

m 

n 

225- 

‘2.3i 

u 

m 

23i 

24 

n 

241 

n 

23| 

'Ml 

n 

24 

‘251 

‘2.5S 

n 

242 


Selling. In soiling liats it is often noeos* 
sary to adapt the outline of the hat to the shape 
of the woarer^s head, and as most hats are stiffon(*<i 
witdi shellac or other similar substance amenable 
to heat, it is possible to mould tliem by slightly 
warming them and then moulding thorn to the 
shape of the head, either by manipulating them 
by the hand, or by gently pressing them on to the 
head. Caro must bo taken not to heat thmn 
too much, or the effect will be seen in the brim, 
which will lose its shape. Sometimes it is 
necessary to stretch a hat ; some hatters do 
this by putting it over iho knee and pulling 
it by the hand, but there is a dangt^r of splitting 
it by this method. The betUir plan is to have 
a series of tapered blocks, and to force those 
into the opening, thereafter warming tlio hat 
slightly. 

In Edition to the regular sale of standiini 
styles, a considerable business may be done in 
special orders, such as fur school and club eap^, 
hate caps made to order, the supply of 
club ribands, etc., while special orders are con- 
tinually cropping up which have to bo made 
specially. Of late years these orders have 
been greatly facilitated, and it is possible now 
to get them through in from four to twelve days, 
whereas it formerly, took twice that time. 
It is very desirable to do business with two or 
three gocm houses, one of which should be selected 
on account of the attention it gives to special 
orders. It is always well to keep a fully-illus- 
trated price H|it handy, as orders of this kind 
are thereby uetter treated. 

Flj[:tures attd Fittings. Tho fixtures 
fitting of a hatter’s shop are of the simplest 
kind ^^l^t fraioe round the walls with openings 


to take hat-beixea tlriU suffice. Some hatters 
keep all of a s^Ie and price together, two or 
thr^ in a band-box, but others hpve special 
boxes made to hold from six to twelve of the same 
size. Both plans have features to ^ oommtfdd 
them; the first makes it easier to sort up the Stock, 
the second enable yon to bring out an assort- 
ment before your customer without trouble. 

A good mirror is on essential in the shop ; 
indeed, if anything like a business is done there 
should bo two or throe. Hand glasses are some- 
times used, but more often wall mirrois are 
employed of a size sufficient to enable the 
customer to get a good view of himself. For 
tho window a variety of hat-stands and brackets 
are desirable, and a good supply of suitable 
brackets. An atmospheric gas stove, a supply of 
hatters’ irons and pads, some brushes and 
whisks, and a sliding hat measure, completes the 
spoc'ial fittings required by the hatter. 

Profit. The hatter’s profits do not vary 
much from that of the ordinary retailer. Goods 
costing 8s. fid. to Os. per dozem arti sold at Is. 
€‘iu*b, articles costing ISs. fid. to 22s. fid. per 
dozim are sold at 2s. fid. each, and so on, the 
minimum proiib being 2r) jx'i* cent, on returns. 
'fradiN that do a credit business neccssaiily 
chargi‘ liighcr prices ; on th(‘ other hand, club and 
contract oidcrs arc often supplied at a very low 
profit, it being looked upon as a good draw to 
the shop for other business, and there is no doubt 
that this view is right. 

Most hattiTs undertake tho pressing of siJk 
hats, and although some do this free of charge to 
their regular customers, others make a charge 
of 4(1. or fid. for their services. Extra profits 
are to Ik* made occasionally on special job lines, 
but as some of these are practically imsaleable, 
it is quostiimablo whether the general average 
is higher than for regular stock. We conclude 
this article by noting the following points. 

Rules for Hatters. The pile of hats 
always runs from l(‘ft to right, with the brim 
towards you ; they should never bo brushed 
against the pile. 

Experience shows that measurements round 
the head are invariably taken too large, and it is 
much safer to take tho inside measure of the 
length and width of tho wearer’s hat by tho aid 
of a hatti*r’a rule. 

Ko(‘p your stork fresh by ordering frequently, 
sorting up sizes, rather than by buying largo 
quantities, as stock of this kind soon gets out 
of condition. 

Cockades arc secured on the left side of the hat 
with a hairpin passed through the body of the 
hat and a cork placed on the inside of tho hat. 

Royal cockades are quite round, and made of 
iicxible leather. Military cockades ore oval and 
made of stiff leather and ornamented with a fan 
or comb. Naval and civil cockades are the same 
as the military ,^but without the fan. They are 
looked on as a fashionable adjunct of smart livery. 

The terms of trading, advertising, and wcarking 
expenses in the business of a hat retailer are 
similar to those of tho clothier, the gentlemen’s 
outfitter, and the glover and hosier, cdl of which 
are discussed in articles on these trades. 



HERBALISTS 

The trade or profession of a herbalist is by 
no moans dead. It flourishes exceedingly, 
particularly in the Midland and Home counties, 
and there are many snug livings in the business 
even at the present day. To be successful in 
it an instinct for horboristry is a qualification. 
This was more of a nec^essity in days gone by, 
when the dealer in medicinal herbs and simples 
grew his own stock, dried the plants, and sold 
them with or without incantations. In those 
more matter-of-fact times the business may be 
learned, liki^ any other brant^li of shopkeeping, 
in the establishment of a herbalist with a good 
connection, wholesale or retail, or in a pharmacy, 
or drug store. 

Hallowed By Antiquity. Although 
the origin of the “ profession ” may be hidden 
in the mists of antiquity, there is still in force 
an Act of Parliament which gives the practice 
of administering herbal remedies a legal saiiet ion. 
In the third year of Henry VI 11. an Act was 
passed giving permission to others than phy- 
sicians and surgeons to administcir certain 
medicines .externally. This Ax^t, which has 
never been repealed, shows little respect for 
doctors. It enacts : 

That lit all Time from li<'iiccf<jrth it shall he 
lawful to every Person bcitiK the King’s subject, 
having Knowledge and Kxperii'nee of the Nature of 
Herbs, Kools, and Waters, or of the Operation of the 
same, by Speculation or Prai^tiee, witliin any Part 
of the Ilealm of hJtifihmd, or within any otlier the 
King’s Dominions, to practise, use, anxi minister in 
hikI to any outward Son', riicona* Wound, Aposto- 
matioiiH, outward Swi^lling or Disc'ase, any Herb <»r 
Herbs, Ointments, Paths, Pulte.sH, aful Kinplaisters, 
according to their Cunning, Kxporirnee, and Know- 
ledge in any of the Diseuai's, Sc»n’s, and Maladies 
hoforosaid, and all otlier like to tlie same, or Drinks 
for tho Stone, Strangury or Agues, witlamt Suit, 
Vexation, Trouble, Penalty, or Loss of their 
Goods. 

That this Act is still recognised is shown 
by tho fact that in 1901 a herbalist in I^ondon, 
who was prosecuted by the Society of Apothe- 
caries of London for an alleged infringement 
of the Apotheearie.s Act ( acting a.s an apothe- 
cary), successfully convinced tho county court 
ju(^e, by virtue of tho Henry VI U. Act, that 
ho was quite within his legal rights in supplying 
remedies to poor people who came to him for 
advice. A curious survival of an ancient 
custom is still extant in London in tJiat, on 
great occasions, the herbalists to the Corporation 
of London regularly supply aromatic herbs to be 
strewn in the Guildhall and in tho Old Bailey 
as the traditional precaution against fever. 

Present-day Practice. Tho herb- 
shop of to-day is much different, however, to 
that of even fifty years ago. For, except in 
some districts, the public nowadays prefer 
their medicines ready-made. The old plan of 
selling the real herb recommended for a specified 
complaint and of giving directions to the pur- 
chaser howto prepare it, has been superseded by 
supplying preparations of the herbs in the form 
of tinctures, fluid extracts, pills, lozenges and 
even tablets. There are also packed herbs and 
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herbal preparations of all kinds supplied by 
wholesale dealers, so that the place has usually 
more the appearance of a chemist’s shop than 
anything else. Tho modern herbalist does a 
considerable amount of prescribing for simple 
maladies, but ho must bo careful not to trench 
on tho domain of tlu^ apothecary or of the 
doctor ; and his remedies must, of course, bo 
non-poisonous, as by selling scheduled poisons 
ho would bring himself within the purview of tho 
Pharmmiy Acts. Therx^ is plenty of srope for 
tho careful man, w'ith a genuine knowkidgo of 
the properties of herbs and simple.s, to do a 
kigiiimate and lucrative business without tread- 
ing on dangerous ground. 

Capital and Start. With a knowledge 
of tho business and a capital of about ,£100, a 
very fair start may be made. Tho host kind 
of nc'ighhourhood to sx^h^ct is that populated by 
the working elass(‘s. The business is a personal 
one, and tlu^ herbalist must have tho ability to 
ple^ase and to gain the eonlidt^nei* of his customers, 
as wi^ll as an intimate' knowledgti of the medicinal 
properties of his goods. A rtjady sympathy 
and an int-f^lligxmt inten^st in the domestic cares 
that worry the households of liis neighbours go 
far to build up a connection ; but discretion in 
prescribing for simpler ailments, and tho know^- 
Icdge when to advise the more skilled treatment 
of the nndical practitioner are very requisite. 
A shop in a busy street should be selected. A 
single- windowed shop is quite big enough for 
a start,and it would befitted up with shelving, a 
closed in window, and eases and drawers in a 
similar style to that of a chemist. Tho Ix^ginner 
would, of course, avoid opiaiing in tho pro.vimity 
of tail established chemist, whosfi wares arc 
naturally somewhat of tho same ordi'r. A 
numboi* of shop lounds and glass jars are 
neex'ssary for storing tho liipiid prt^parations, 
ointments, powders and so forth now affected 
by tlu^ luubnlist ; and tins should be bought for 
storing the herbs, roots, etc. Knarnelled tins, 
square, with hinged lids, to hold 1 Ib. of crude 
drugs cost about 7d. each ; 211)., 9d. ; .‘1 lb., lUd. ; 
4 lb.. Is. Id. T1u5 fittings, all told, shouldnotcost 
more than £,'10 to £40, and many uscdiil hints in 
this partixuilar will be obtained by referring to 
the article on C Chemists and Druggists [page 
16 . 513 . 

The Herb Stock. I’he mainstay of the 
man we have in mind would l)e his herbs. For 
an opening order, therefore, ho would select 
7 lb. quantities of each of the following herbs ; 
Balm, broom, camomile, ccntauiy, dandelion, 
ground ivy, hops, horehound, hyssop, parsley - 
piert, pennyroyal, rue, southernwood, tansy, 
bt^arlx^rry, and yarrow. He would also buy 
similar quantities of juniper Wrics, marsh- 
mallow leaves, and quassia w<x>d. Smalk^r 
supplies — say two pounds to four pounds of 
likewise be needed of the herbs 
of agrimony, angelica, arraeh, avens, bittersweet, 
blue mallow, boneset, brooklime, buckbean, 
burdock, clivers, cranesbill, cudweed, dog’s 
grass, eyebright, feverfew, fennel, figwort, fumi- 
tory, germander, golden rod, hart’s tongue, 
heartsease, ladies’ mantle, liverwort, lungwort, 
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meiuiow sweety motherwort, momita^ ^ flax, 
mouBear, magwort, maUein, nettles, pelHtoiy, 
pq;»pennmt, piiewort, redsage, rosemaiy, saniole, 
self heal, scabious, shephe^’s purse, scull cap, 
scurvy g^s, soapwort, speedwell, spigelia, 
vervain, wood sage, wild carrot, wood betony, 
woodrufl, and wormwood. Like quantities are 
required of the barks of barberry, bayberry, 
casoarilla, oak, poplar, and sassafras, of the leaves 
of blackberry, blackcurrant, box, buohu, colts- 
foot, oomfrey, ground pine, raspberry, senna, and 
bearberry, and of the roots of blue flag, burdock, 
calumba, comfrey, cranesbill, dandelion, elecam- 
pane, gentian, liquorice, mandrake, marsh- 
mallow, red dock, sarsaparilla, tormentilla, ’ 
valerian, and yellow dock. An outlay of about 
£10 would suffice for the foregoing. 

Preparations. So much to the crude 
herbs, but nowadays much more is required, 
liquid preparations of many of tlie herbs 
mentioned, in tlic tom of Iluid extracts, tineture-s 
(simple and compound), and mixtures must be 
stocked. A small quantity of each would l>c 
purchased ready-made from a reputable whole- 
sale drug house. The fluid extracts of cascara, 
cinchona, camomile, coca, damiana, fucus 
vesioulosus, golden seal, etc., would ha Ixmght in 
quarter pound quantities, and half-pound or 
ono-pound quantities of the more commonly re- 
quire tinctures, such as aloes, benzoin com;)ound, 
calumba, capsicum, cardamoms,catcchu, ehiretta, 
cinchona, cUgitalis, gentian compound, ginger, 
compound lavender, lobelia, myrrh, paregoric 
(without opium), quassia, quinine (simple and 
ammoniated), rhubarb compound, serpentary, 
senna, stramonium, valerian, etc., would liave to 
be bought. In the selection of these things, 
as well as compound powders — like liquorice 
o^mposition powder, etc, — the beginner would 
be guided by his experience, by his knowknlgc^ 
of 3i© probable requirements of his neighbour- 
hood, and by the amount of money he had to 
spend. . A small supply of the pills usually in 
greatest demand (colocyiith, rhubarb, aloes 
and osafoetida, blue, and so forth), of ointments, 
like zinc, boric acid, gall, B{>ermaccti, cold-cream, 
white precipitate and red precipitate, had better 
bo secured mitil the owner has time to make his 
own stock of galenicals, if he intends to do so. 
All the official preparations of the Pharniacopopia 
and many unofficial formulas are now supplied 
by wholesalers on terms which make it scaretdy 
worth while for the busy man to make his own. 
It is advantageous in a personal business like a 
herbalist*s, however, to be able to produce 
preparations, pills especially, that arc undoubt- 
edly his own make. Lozenges are a rather 
important item with herbalists, and a stock of 
considerable variety should be kept, digestive 
tablets, blood tablets, cough tablets, throat 
lozenges, worm iozengos, and others being an 
everyday demand. As the business grows 
the lozenges might be augmented by suppues of 
candies (cor^position, horeliound and aniseed, 
pepsin, etc.), ^stilles, and jujubes. The prepeura- 
named, carefully selected and not bou^t 
too qtiantities at first, would cost anoth^ 



Paolleii Goods* To make a, kii^ter 
show, another £5 might be expended on'vaoked 
herbs and herbal remedies. Sweet henw for 
culinary purposes would have to be kept cdther 
loose or in packages. Bay loaves have quite 
a vogue in many Lancashire and Midland 
towns to cooking herrings. Other necessary 
sweet herbs are basil, marjoram, mint, parsley, 
sage, savory, tarragon, and thyme. Then there 
are packages of mixed herbs for preparing home* 
made toni(‘s, herb beer, herbal smol^g mixture, 
blood purifiers, fomentation herbs, and so forth. 
A perusal of the illustrated price lists issued by 
the wholesalers will help the beginner to secure 
an attractive series of packed proprietaries, all 
of which help to fill up the new shop and to 
attract custom, while the profits even on pro- 
prietaries arc not to be ignored. The profits 
on the bt‘tt(‘r known and more widely advertised 
patent medicines are scarcely tempting enough 
to indutH) one to lay in a big stock of them, but 
as the business progresses a supply of these will 
probably Ijc found ret^uisite, as well as of the more 
generally used druggists’ sundries, such as feeding- 
bottles, enemas, breast exhausters, hot-water 
bottles, and tooth-brushes. 

Profits. If the lH*ginner has the elements 
of a good business man, if he knows his business 
thoroughly, and attends to it strictly, he need 
fear JittU* for his pecuniary rew^ard. The profit 
on herbs is considerabI(‘, and it is only a question 
of turnover. 1’h(‘ stock of herbs indicated as 
of ev(‘iyduy sale in a previous paragraph will 
cost an average of about Cd. to 8d. per pound, 
and tlu‘ retail prioi' is usually Id. per ounce. 
This means a profit of 100 pt'r cent, on cost price, 
but it must not Ixi forgottini that the sales 
are usually small, pennyworths predominating. 
ITie preparations, liquid extracts, tinctures, 
etc., should be sold al an average profit of about 
50 yier cent., and whi*n the siindritjs, -with much 
smaller j^rofits, aie taken into consideration an 
all-round average of probably 33^ i)er cent, on 
the turnover will be secured. This should bo 
suflieienl to pay a £20 to £30 rent, taxes, and 
other necessities, and leave a fair net profit 
on the e^})ital invested. A reputable man will 
have no difficulty in securing three months 
credit from the wholesale herbalists, of whom 
there are many in Lomioii and the country, 
('arriage is often paid on wholesale orders 
over £2. 

Aids to Development. The adventi- 
tious aids to the development of the herbalist’s 
progress are mainly in the way of advertising. 
The up-to-date man keeps his wares before the 
public by means of pamphlets, handbills, and a 
small advertising space in the local newspaper. 
Smartly written bills telling all about seasonable 
linos should be distributed freely and periodically 
in the neighbourhood. For his own use he will 
have copies of such useful botanical books as 
Potter’s “ Gyclopsedia of Botanical Drugs,” 28., 
published by Potter and Clarke, Artillery Lane, 
London, £. ; Slack's ** Herbal,” 6d., obtain- 
able from the same firm, and l^uireh Com- 
panion to the British Pharmacopoeia,” 12s. 6d., 
published by J. and A. Churchill, New Burlington 



Street, London, W, There are a variety of other 
books whieh the enterprising herbalist may in 
time find it profitable to stock and to soil, 
such as Robinson’s “ Family Herbal,” 2s. 6d. ; 
Stevens’s “ People’s Guido to tho Botanic Treat- 
ment of Disease,” 2s. ; “ Culpeper’s Herbal,” 
lOd. ; ** Health for the Peox>le,” 5d., and many 
others. 

HOUSE FURNISHERS 

To a young man there are few trades affording 
such excellent opportunities as that of general 
furnishing. Of course, some eai)ital is nece.ssary, 
but brains are mor(^ so, and, given plenty of 
grit, there is no reason why sue(?ess should not bo 
attained. No better experien<*e can be gained 
than that of working thro\igh the various 
departments of some of the very large firms. 
There, by constantly watching the value of 
goods — for nowaday.s nearly every dealer marks 
the goods in private figures, whieh are known 
to mo.st of the employtujs — tho assistant may 
acquire a general knowledge whicdi will prove 
eminently useful when the budding sho]>keeper 
starts on his own account. The dcjiartment 
which calls for most candid study is the carpet 
section, for it is only by constantly handling 
carpets and rugs that the fingers get so sensitive, 
that clever buyers are able to judge these goods 
flo exactly and closely that the small diflerenco 
of Jd. per yard in quality is notitioable to them. 
The retailing of carpets is discussed in a separate 
article [page 10251. 

Premises. Ixt us now assume that a small 
shop in one of the suburbs is found, where the 
rent does not exceed £00 per annum, in whieh 
to commence business. What amount of ea|>ital 
is required to stock the shop nicely, and what 
^ods should be placed therein ? Well, let us 
answer the question of capital first. It is much 
better if the capital bo small, for ontj must 
remember that the lieginner, hitherto an em- 
ployee, and having had .someone to guide him 
ana tell him what to do, will now have to 
decide the hundred and one things for him.self, 
not only as regards buying and selling, but 
many things wfiich a servant always refers 
to his superior. Conseqiu'ntly many mistakes 
will at first occur; these mistakes will cfKst 
money, but experience thus bought and paid for 
is far better than any advice that can be read 
in books. 

Stock. We shall assume that £250 is at 
tho disposal of the beginner — not a largo amount, 
it is true, but far greater than many merchant 
princes of to-day started with. The first con- 
sideration must be ttiat of fixtures. Just a few are 
absolutely necessary, such as gas fittings, sun- 
blinds, etc. ; the bedstead, l>cdding, and fender 
racks must follow later. The question of sti^ck 
must next bo very carefully considered, ami a 
visit paid to tho manufacturers, where goods, after 
a careful inspection, are ordered, the beginner 
ever keeping in mind that with his mode.st 
capital, lie cannot afford tobuyox|)ensive goods, 
for they may remain in stock longer than he 
may expect, but only goods that are wanted 
every day, such as all classes of japanned bed- 
room wares. These things cost comparatively 
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little, but are very effective for making tho shop 
look well and fully stocked. This well-stocked ” 
effect is a most important point, because 
people are almost always shy about entering 
a shop whieh is not well stocked, oven to inquire 
about a price. Again, in buying upholstered 
goods, it is ju.st as well to keep" in mind that the 
oasy-eliair you can ndail for 1(?«. fid., 18s. fid. 
or £l Is. will s<^ll easily, while those at £5 or £0 
may remain in stock, get stxfiled, and finally be 
unsaleahhi. The ciustomer who wants the higher 
price class of goods wants a larger selection from 
which to choose, and hence will go to the trades- 
men who especially cater for this ola.ss of trade. 
'I’he sto{;k must bo seleiilcd so as to include 
cane, stuffed seat, and Wind.sor chairs, kitclien, 
dining, and small occasional iablt‘S ; about a 
do7Am bedsteads, mostly 3 ft. and 4 ft. wide, 
eomi(;c poles (l)anihoo and stained mahogany), 
with the necessary brackets, etc. ; Japanned and 
veneered mahogany and walnut chests of 
drawers, wire spring mattresses (upholstered 
s])rings have gone out of fashion), kitchen, bed- 
room, and three or four brass-rail fenders, 
fire-irons and brasses, made-up tapestry or 
hemp carpets with a piecje or two of J (IS inches) 
or § (22 J inches) stair carpet, a few rugs, 
Axminster, and black and white goatskin rugs, 
and a roll or two of linoleum. Of gl/usses, he 
must hav(5 dressing-table mirrors, cheap bamboo 
and walnut overman t(‘ls. He will also have to 
select a few chcvij) fancy suites of live pieces, 
with pcrhn})s a saddle-bag suite and one or two 
couches ; this, together with a few toilet sots, 
will give a fair selection of goods. 

The Window. Now that he has filled tho 
shop, the next step is to dress the window, and 
possibly to make a show outside, 'rho latter is 
often a good way to make a stir and a.ssist tlu^ 
turnover. Ti(4co'ts, hearing prices, mn.st be used 
so a.s to indu(!(^ passers to stop and look. Th(‘y 
.should he easily road tickets juid neatly printed. 
l\c<‘p to one .scheme of caul — colour, style of 
lettering and colouring — and have your name on 
each 1 irg<^ card. This helps to characterise 
and adverti.se your establishment. At thi.s point 
let us afld that the time .sptmt in dre.ssing a window 
is not time wasted, for if this part of the work be 
done thoroughly, it will Ix) found that tho man 
or woman pussing the shop daily will look to 
see what fresh attraction has been made ; and 
thus will far better results be secured by 
repeated changes. For (ixample, during the first 
part of the week have a complete bod-room 
fitted up; for tho latter part, a drawing-room 
display follow'ed by a dining-room exhibit. 
This may be sucwMxled by a comljinod bed- 
sitting-room display, and it will soon be found 
that tiii.s extra trouble i.s well r<‘pakl. 

Buying. It will bo found that with some 
houses credit is not difficult to obtain tho 
retailer has a good name in the trade. This 
credit usually means that the goods are duly 
delivered, and on the following tenth of the month 
a state.ment is rendered, from which may be 
deducted 2tJ or 3J per cent, for prompt cosli. 
Payment in a bill at three or four months’ date 
will lose the discount, but these terms must 
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always be atxaaged at tbe time t)f opening tbe 
aoeonnt. Now, of the two methods here given 
for payment whidi the begiimer may take 
advantage of doubts will necessarily arise in 
the mina as to which method is the better. And 
lot us say at once both methods are necessary, 
or will be when the business gets larger ; but, for 
a start, it is much better to pay cash, for the 
goods will be bought in the markets of the 
manufacturers, many of whom arc very small 
makers, and thus the buyer will save the factors’ 
profit, a very important matU'r in these days 
of keen competition when the public — wc allow 
they do not know so much about the trade 
as yourself — are sharp enough to go round com- 
paring prices with your larger competitors, and 
will certainly buy in the shop where prices are 
lowest. 

Caah in Hand. Now w’o have spent in 
stocking the shop at leiist £150; another £10 
has gone in fixtures, fittings, window-- tickets, 
etc. You may say, “ But surely I do not 
require £90 lying idle at my bank? ” — for w(‘ pr(‘- 
Bume you will arrange to have an account o|K*n 
at your local branch of some big bank, wlio 
may charge you £2 2s. or £.‘l 8s. per annum for 
keeping your account ; and, let us rccoid how 
important it is that c^arc Iw Uhcd in selecting 
your bank, for probably you w-dl bank at that 
place for the re.st of your business career. This 
may seem a small detail, but it is a very 
important one, because all questions of credit 
— ^as to whether you are worth trusting or not 
— may turn on the reply your bank manager 
gives to the question that is put through hy 
the wholesale trade when inquiring about your 
stability in the commercial world. Howevt^ 
we are dii^ed&ing somewhat from that £00. 
Trade will not come in quite so fast as you in 
your optimistic flights of fancy have imagined. 
It is very possible that during the first wct*k, 
or even the fii*st six w'oeks, you will take no 
more than £10 to £20 piT wei'k at tlie outside. 
You, and tho«ie dependent upon you, will have 
to Jive, and it is the first twelve months that 
needs the greatest care in seeing that the ca.sh 
you draw from the business is as small as 
possible, for do not imagine that you are going 
to earn from two to three hundred per annum 
writh your capital ; and hence the advisability 
of having a reserve on which to fall back. 

MalLltiiS a Connection. Still, do not be 
disheartened, for, although you arc not making 
a lot of money, you should be making a con- 
nection among customers who will always be 
cofiiing to you for little oddments ; and do not 
be too proud to go to your customers’ house.s to 
fix up a comice-pole or a bedstc^ad. It is the 
extra attention that you can give your customer 
that will tell in your favour when ho has a 
large order to bestow. 

Then, again, you wall occasionally find you. 
have tendered goods to people you can trust, 
and it may be aidvisable not to ask them for your 
eash till thousand of the montli, when you faiow 
the breadwinner gets paid, llien is the time 
that yifm sp^e cash proves of tremeitdous 
^at Itenables you to wait ; or you may 
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deliver port ot an ocM* the baloiMe iA igoo^ 
you have to get made. & suob oasdt yon will 
show poor busineBs qualities if you ask ior the 
cash before you complete the order. Moreover 
someone may come m and want to some 
second-hand goods, because leaving the neigh- 
bourhood. A spare £10 note m such cases 
will probably purchase goods that will realiso 
£20 afterward. Such plums do not fall to ttio 
man who has all his capital looked up in stock. 

Profits. Tlie profit on now stuff must be 
fairly uniform of about 33J per cent. (fis. Sd. in 
the £) to 40 per cent. (8s. in the £) on cost price, 
with, perhaps, an extra 5 per cent, on china to 
allow for breakages. The next very important 
point, to consider is that of accounts. The state 
of your affairs ought to be apparent at a glance, 
for you must remember that nearly all small 
failures occurring in this country are due to 
carelessness in bookkeeping. The latter word, 
bookkeeping,” is a veritable bugbear to many; 
but let us be very candid in this matter, as it is 
positively dangerous to trade without a proper 
set of books. They should Ixj of a very simple 
natnn' — such as a “ day lx>ok,” to enter all 
goods that are sent out ; a “ cash book,” for all 
reeeifrts and expenses ; and an “ invoice book,” 
for all goods that come in ; these must be 
IHisled regularly into a ledger. All goods 
coming in sboukl be entered in your stock book, 
and those going out deducted from it. Every 
article, as it cutnes, should lie ticketed with at 
least its cost price — from which you will, at a 
glan(*e, see what price to ask on inquiry from a 
customer without having to turn to your 
stock book or your invoioe ; better still if thi* 
article be numbered as well, for this will make 
it easier for you to “ mark back ” yofor stoeffi 
book. The question, whether all goods idionld 
lx* marked in plain figures, is one where we 
would not advise where practically all sales 
will lie made by yourself, and where a certain 
amount of exehimge.s are being made ; but, 
undoubtedly, wlierc the Imsiness is of such a size 
as to permit of tin* employment of a salesman, 
it is one of your safeguards to make sure your 
profit is maintained. It is vitally necessary that 
this should bo done and rigidly adhered to. 

Hire-purchase System. We cassiaDt 
imagine a man with a small capital attempting 
to run a shop by sales on the instalme^ oar 
hire-system plan, for undoubtedly it woaaid end 
in disasbu- ; but it may not be out of place to 
refer to the hire system here. Those who have 
placed their bupinoss on a secure foimdatkaa, 
and feel a capacity and a wish to ineroase their 
trade and invest surjfiuB capital, may justifiably 
sell on easy terms ; but in such oases infinite 
care must be taken to be sure of the reliability 
of the person to be trusted with goods. Even 
greater care will have to bo taken with all entries 
in the books — a system of inquiry as to the 
status eff the individual wonting the goods, 
means by which defaulting customeis can bo 
pressed for the instalments, and also a system 
for traoiiig ** runaways.” Althou^ lavger 
figures due to increased pre^t from this clSiSS of 
iradb may look well m your dby books, pleose 



db not VQokoil it ai^all profit until you have 
colleoted the cash. However, space will not 
allow an attempt to fully deal with the hire 
system further, beyond stating that largo 
fortunes have b^n made by this system by men 
who have grown up in the trade. We are 
certain that many men who have attempted to 
follow in their footsteps have failed in their 
endeavours, and lost all their capital tlirough 
trying to run before they had learned to walk. 

Do not think we are trying to deter anyone 
from adding a credit system to their ordinary 
business, a system which, if conducted in an 
honourable manner, will help to build a business 
of which its x) 08 Re 8 vSor will be proud. But 
learn this part of your business thoroughly 
before launching out to any great ex Lent. 

Advertising. Lord Macaulay wrote “ tliat 
advertising is to business wiiat steam is to 
machinery.” This, although written in the 
days when advertising was in its infancy, is as 
true now as it was then, and to realise this you 
have only to look at the daily press to see the 
amount of money spent by the furnishing trad<? 
on publicity. You will them be convinced that 
the firms spending big fortunes every year on 
advertising their business are the firms 
doing the largest and the most profitable trade. 

If you arc going to succeed, you will have to work 
more hours in your own business for some years 
than ever you were asked to work by an em- 
ployer. And, added to your numerous other 
duties, you will have to study the advertising 
problems, not in any half-hearted manner, but 
with your whole heart — other men have done it 
before you and are doing it to-day, and although 
the amount of your capital to spare for adver- 
tising is small, the more reason why you should 
spend that amount wisely and w ell, so as to pro- 
duce the greatest amount of good to your 
business. You may fancy the public arc fotds 
and are easily gulled. If you do think so, pray 
oradicate that fallatjy from your mind at once, 
and as quickly as possible appreciate the fact 
that the public much prefer to deal with a smart, 
honourable man of business than a fool or 
rogue ; and the only way to let tliem know 
you are a smart man is by advertising in 
some way or other that the go<3ds you have to 
sell are at the right price, the rigid quality, and 
that you are the man to whom they must come if 
they want to be right up to date in the furnish- 
ing of their house. 

Cbannels of Advertisement. Two 

methods ore open to you — by using your local 
papers, and by handbills distributed from door 
to door. Both of them ought to be used. \our 
local paper should especially be used if it 
shows the interest in local matters it should do. 

; Change your advertisement in the papers 
every week, and write in a racy manner, so tliat 
the readers wiU look for your advertisements 

Coniintted 
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as they do the reading matter of the paper. 
Handbills, if judiciously distributed, will help 
to catch those people who do not take in the 
weekly local paper. Why w'o lay such stress upon 
advertising is because it is not possible to make 
a largo business without it. One instance that 
we have in mind is that of a man in the furniture 
trade who devoted all lits previous year's profit — 
about £50() — to advertising, anil so successful 
was he t hat within ten years he was spending over 
£20,000 per annum in m^wspapers alone, until 
ho had made a name for himself througliout 
England for a siicciality that even his mail 
orders alone each morning required a large 
stall of clerks. We cannot imagine that ho 
spent the latter sum out of his profits without 
reaping some benetii himself, and yet that man 
started in business forty years before with not 
more than a fi vc- pound note \ 

Trading Results. Following the lines 
laid down, how ofUu) ought the capital to bo 
tiirn(‘d over in the first year ? Well, we think 
the. first year should show a triule of about £20 
to £25 pi^r week, or £1 ,000 to £1,300 per annum ; 
in other words, the capital should be turned over 
about four or five times. If this l>e done, the 
gross profit ought to be about £350 to £400. 
Do not get confused with the words “ gross ” 
and “ net ” profit; the former means the profit 
before the expenses arc deducted, and the latter 
after the expenses have been taken off. There- 
fore, to be deducted from the £350 gross profit 
will 1)0 the rent, £00, together with rates, 
taxes— this will be, say, £100 ; gas and repairs, 
£25 ; atlvertising, £25 ; lad's wages, £20 ; 
various sundry expenses, £10 ; total £180. In 
addition to this amount, something must be 
allowi‘il for your own living, which may be £80, 
but should not exceed £104 — let us say the 
latter, which will make £290, and will give you 
a margin of £00 to add to your capital in 
hard casli or increased stoiik ; but, in addition 
to this, if you have conducted your business 
properly, you will also have added something 
better than cash, but which will not show 
in your balance-sheet, namely, a nucleus of a 
trade which will be constantly increasing. 
Regular eustomers gained by this practice will 
cost very little for advertising, save an occasional 
circular or card, or, lietlcr still, a call from 
yourself. In addition, if you have given satis- 
faction, customers will always be pleascHi to 
recommend you, and an intending purchaser 
who is recommended to your shop i.s always 
easier to serve than one who is attracted solely 
bv your window show' or one of vour advijrtise- 
ments. 

It is certain that if you follow these precepts 
and are prepared and determined to work hard 
and give all your time to the care of your 
business, it will not be many years before you 
are the proprietor of a business employing 
many other hands besides younown. 
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The Source of the Nile. The tnie 
source of the Nile is the Kagcra River, which 
rises considerahly south of the equator at a 
height of over G,000 ft. in the highlands over- 
looking Lake Tanganyika. In 350 miles it falls 
over 2,000 ft. to T-.ake Victoria Nyaiv/a, round the 
northern half of which lies British Kast Africa. 
The great lake is set among hills, and above its 
waters rise many wooded i.slands. Its reedy 
hanks are the home of the hij)popo<>amus. Where 
it leaves the lake, forming Hipon Falls, the 
Victoria Nile is half a mile wide. It descends 
the northern slopes of the Central Highlands, 
gently at first, but afterwards in a series of 
eatn»raets and rapids, to Lake Albert Nyan7.a, 
1,500 ft. below. This lak(^ is fed by the Semliki, 
which has risen in Lakti Albert Edward Nyanza, 
1,000 ft. above, and flowed down ben(;ath the 
snows of Ruwenzori. Tlu’t Albert Nile, aftc*r 
leaving the lake, continues to fall, at first 
gently, and then with many miles of foaming 
cataracts. 

The Nile in the Sudan. Near Lado 
the Albert Nile enters the vast plains of tlu* 
Sudan, where its charaetta' changes. It Ix'gins 
to wind, and to broaden out into swamps which 
form immense lakes when the river is high. In 
this part of its course it divides into two brarudies 
— the Albert Nile, and a right-hand branch, the 
Bahr Zeraf, which latiCr reunite. Both are liable^ 
to be cliokwl by sudd, or blocks of living vegeta- 
tion. “ These blocks are forme^l of papyrus, 
wo(5ds, and water grasses, whie h grow on the 
half sandy, half peaty banks of the lagoons 
and marshes traversed by the river, and, iind<‘r 
the action of a rising flood and strong winds, are 
torn up and driven into the channels where vtn* 
these are confined in width, and there jammed 
into solid masses of floating weeds, filling the 
whole width of the river, and veiy nearly the 
whole depth.” Navigation is, of course, impos- 
sible. Since Britain hold the Sudan, most of 
the obstnictive sudd has been cut away, but it 
tends to re-form. Across similar country comes 
in the Bahr Ghazal from the west, in apjjearance 
resembling a swamp rather than a river. Below 
the junction of the Sobat from the east the two 
branches reunite, becoming known below the 
confluence of the Sobat as the White Nile. 

The Sudan. The Sudan extends from the 
confines of Ejypt southwards into the tropical 
forest area, which covers much of the Bahr Ghazal 
bosm, supplying .rubber, etc. Tlie forests are 
replaced to north by grass lands, which ex- 
tend on either side of the Nile siVamps, pa&sing 
gradually into poor grass lands covered with tall, 
coarse grass, and still further north into desert 
Kharttmii the capital of the Sudan, is on the 
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margin of the desert region. The cultivated 
lands lie round the rivers. Millet and pulses 
are the staple crops. 

The Blue Nile. At Kliartum the White 
Nile unites with a tributary of very different 
character, the Blye Nile, the main souroe of 
that fertilising mud out of which Egypt has been 
built up. It rises near Lake Tsana, about 9,000 
feet above the sea, in the volcanic highlands of 
Abyssinia, the scourings of which are swept down 
to the main {dream by the tropical rains of sum- 
mer, and whirled along by the foaming river to 
Ix^ spread out over the plains of Egypt thousands 
of fiMit below. After leaving the forested high- 
lands of Abyssinia, the Blue Nile enters the 
jilains of the Sudan, of which it drains the most 
fertile part. Millet, cotton, and wheat are 
grown, and the region will doubtless become a 
great wheat land. 

The Nile Valley. Below Khartum the 
Nile flows in a gorge cut in the Sahara plateau, 
which is highest along the western shores of the 
H(xl S(‘a. in this part of its course it forroB six 
(‘ataracts. Bet ween the sixth and fifth it receives 
the Atbara, which has ris(*n near the Blue Nile. 
It is a wild riv(T in flood, but for two- thirds of 
the year is reduced to a sti’ing of i)ools. Just 
above the Fifth ( 'atarsiet is Berber, with a lino 
to Port Sudan, near Suakin, on the Rod iSea, 
making Egypt independent of the Suez Canal in 
war. 

The Nih; enters Egypt near Wadi Haifa, a 
short distance above which is the Second 
Cataract, extmding over 124 miles. At the 
fot)t of the First Catjiract is Assuan, where a 
great dam has been built across the river. The 
Nile in ITpper Egypt flows in a narrow valley, 
bordc;red by cliffs or hills, formed by the edge 
of the Sahara plateau. Where these approach 
the river closely the scenery is picturesque. 
Cairo, the capital of Egypt, near the famous 
Pyramids, is built at the apex of the delta. 
Below it the river divides into the Rosetta 
and Bamietta branches, with dams across both 
for irrigation purposes. Along the Mediteiranean 
are a number of lagoons, some entirely land- 
locked. The surrounding country is marshy and 
unhealthy. The port of the Nile is Alexandria, 
35 miles west of the Rosetta branch, founded by 
Alexander the Great. 

The Nile Floods, For thousands of years 
Egypt has watched anxiously the rise and fall of 
the Nile. All through the hot months of early 
summer the river falls, and its waters become 
green and offensive. The coming flood is felt 
first far up the river, where the Abyssinian tribu- 
taries begin to |^ur in their mud-laden waters. 
At Assuan the Nile begins to rise in May, but the 





bf0w» muddy ivutoni do not reach Cairo till the 
h^pluiiiiig of June* The Nile ia highest at Aaeiiaii 
2a the nuddie of September, and at Cairo early 
fa October. The Atbara has run dry by the end 
of September, the Blue Nile is falling rapidly, and 
the main stream foils slowly but steadily till 
the anxious season of low Nik? cornea round 
again. A tardy rise of the river causes almost 
as much anxiety in 
Kgypt as a delayed 
monsoon in India, so 
close is the connection 
between water and 
fertility in these hot 
lands. 

Methods o f 
Irrigation. Egyptian 
irrigation is of two 
kinds — seasonal and 
perennial. The fornior 
utilises the flood waters 
of the Nile, the latter 
its permanent flow. The 
basin system of irriga- 
tion has been in use for 
7,000 years. In the nar- 
row valley of Upper 
Egypt dykes about 
10 ft. high are hiiilt 
parallel to tlie river, 
with cross dykes to 
subdivide the enclosed 
area. At high Nile water 
is admitted to these 
basins by shallow 
canals, allowing 4 ft. or 
5 ft. of water to cover 
tliem. The villages, built 
on mounds, stand above 
the level of the flooded 
country. Aft«r six weeks 
the surplus water is 
drained off by escape 
canals, and the satu- 
rated soil, covered with 
newly-deposited fertile 
mud, is fit for culti- 
vation the end of 
November. This is a 
simpler method than 
perennial irrigation, but 
land so irrigated pro- 
duces only winter crops. 

Perennial irrigation is 
a modem system. The 
river is dammed l>aek 
at suitable points till it 
becomes very deexi, and 
water is drawn off 
above the dam to fill 
great canals, whieh feed 
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long, with IQO sluices, was built to regulate the 
suOTly of water to the lower reaches of the Nil6. 
It forms an immense reswvoir, which is fed out 
as the Nile falls, keeping the river level high 
enough to supply the perennial canals of Upper 
Delta. The extension of perma- 
nently irrigated imd therefore permanently fer- 
tile land by these engineering works is one of the 
great boont- which 
Biitish rule has con- 
feriecl on Egypt. 

Besides the8c‘ elabo- 
rate methods, primitive 
ones art* also used, 
especially in high lands 
neai the river. Water 
is rais^'d by steam 
inimps, by the sakieh, 
a water mill ot cogged 
wlu*f»ls tuined by an ox, 
and WO! king up a senes 
of piicheis which empty 
into a trough, or by the 
hand-woiked shadoof - 
a simple (’(mtrivance for 
raising and lowering a 
bucket. 

Cause of the Nile 
Floods, ^’he cause of 
the periodic rise and 
tall was long a mysteiy. 
T h e oxplunat ion i h 
simple. 1’hiJ equatorial 
lakes and the rivers 
whu h discharge them 
provide the fiermaiient 
flow of t)u‘ nver as wo 
have it at low Nile. The 
flood waters are brought 
by the Abyssinian tnhu- 
tanes, and especially 
the Blue Nile, after the 
tropical siimiucr rams 
on the Abyssinian 
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a uetwmrk of smaller ones. One dam has been 
built bdow Cairo, enabling the delta to be 
poraiaiiently irrigated, and another at Asyut, to 
Vrigate Uj^per Egypt. They are fitted with 
rittioes, whidi aare opened in flood, wtien water 
tS'abmidaiit^ but shut down as the river begins 
to 1^. The gigantic dam at Assuan, miles 


Crops. 

Egypt is often said to 
have three seasons, 
summer, flood, and 
winter. In summer the 
Nile IS low, and culti- 
vation is confined to 
the xierennially irrigated 
lands, on which are 
grown c*ot ton, sugar- 
cane, millet, ncc, Iruit 
and vegetables. 1 n 
flood the basin lands 
are submerged, and all 
the canals are full. The 
crops arc millet, maize 


and flood rice. Early winter sees the basins vn- 
covered and the earth everywhere abundantly 
moist. Nearly all the country is now under 
cultivation, l^ie crops — cereals, clover in the 
basins, pulses and vegetables — are sown in 
October or November, and reaped the following 
spring. 
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Of Egy^ian crops cotton is the most im- along the bottom of some gigantic crack in the 
pbrtant. Egypt is third among cotton-produc- earth’s surface with a nearly tropical heat; at 
ing lands. And the crop is a summer one, grown another over some wind-swept plateau with a 
both in Upper and Lower Egypt. There are many climate like that of England in winter. Every sort 
ginning mills but few cotton mills us yet. Sugar of vegetation is met with, the warm, low valleys 

growing tropical plants, 
while on the wind-swept 

,M K D,I f E a ft A N BAN S uplands the flowers and 

grams will bo of an Alpine 
nature. Within a few 
hours’ march are found the 
banana, grape, orange, 
pomegranate, peach, 
apricot and bltw^kborry, 
the dhurra, maize, wheat, 
barley, peas, and the chili, 
pumpkin, tomato and 
potato. The villages are 
generally on heights, and 
the keeping of animals is 
important. Minerals, in- 
cluding gold, are known 
to be abundant. The 
capital shifts as the sup- 
ply of firewood becomes 
exhausted. The trade 
centre is Hairar, near the 
Somali frontier. 

Eritrea, the Horn 
of Africa. Tliis is occu- 

128. TiiK DELTA OP THE NILE Italian colony 

of Eritrea to the south - 

is grown in Upper Egypt, where sugar factories west of the Red Sea, and by Frencli, Italian, and 

are numerous. The cultivation of cereals will Rritish Somaliland. All consist of a coastal plain, 

doubtless increase with irrigation. Egyptian behind whic h rises the platc'au. The inhabitants 

lentils are famous, depend clnefly on their camels and othc*r animals. 

Oases of Egypt. In a sense Egypt is Jibuti, in Ercn(;h, and Binbera and Zaila in 

itself one great oasis. West of the Nile valley British Somaliland, are the chief settlements, 

are several oases in the desert, resembling British East Africa. British East Africa 
Tafilot in general character. The Fayuin, a lies partly in the Nile basin. It ascends 

depression in the Libyan hills, anciently received by a scries of steep UuTaces from the coastal 

the surplus >vaters of the high Nik? through a plain to the plateau, much of which consists 

natural channel. It is thus formed of Nile of boundless grassy plains (X'cupied by pastoral 

mud. It is sometimes classed as an oasis, but tribes. It is crossed by the (iasterri Rift valley, 

it is irrigated from the Nile, and not like the with its elia-in of lakes\ and contains the great 

others, from springs. cone of Konia. Uganda lies between the 

The Suex Canal. The Suez Canal across eastern and wc'stern Rift valleys, and contains 

the isthmus is 87 miles long, of which 21 miles the great Vii'toria lake. The banana is the 

consist of natural depressions, now lakes. (diicf food tree. A railway has been built from 

The Mediterranean port is Port Said, with long Mombasa, on the hot, fertile, malarial coast, 

sea walls to prevent its silting* up from the to Port Flortmee on the Victoria Nyanza, on 

Nile. In the centre is Ismailia, the railway which is also Ent(;bbe, the chief British settle- 

junction for Cairo, supplied with fresh water ment. Zanzibar, consisting of the islands of 

from the Nile by canal. Suez is the Red Sea Zanzibar and Pemba, is British territory 

port. The tolls for passing through the Canal, governed by a native sultan. Cloves are the 

which reduces the distance to Bombay by 5,000 chief product. Zanzibar is the most important 

miles, may amount to thousands of pounds. port and commercial centre of East Africa. 

Britain is a larpo holder of Canal shares. East German East Africa resembles British East 
of the Canal is the mountainous peninsula of Africa, but is drier. It extends from Lake 

Sinai, geographically part of Arabia, politically Tanganyika to the coast, and from I^ake Victoria 

part of Egypt. toLakeNyasa. The chief port is Dar-es -Salaam. 

Abyssinia. Abyssinia is a volcanic plateau West Africa. Between the Western Sahara 
averaging 8,000 ft. in height. The surface is and the Gulf of Guinea lies a vast region 

diversifi^ with isolated peaks and ranges of drained to the Altantic by the Senegal (950 

fantastical shape, and in many parts rent by miles) and the Gambia (600 miles), and to the 

^eat ravines, which make it very inaccessible. Gulf of Guinea by the great Niger (2,600 miles). 

The olimate and products are as varied as The nortkern part of this region, a plateau of 

the suri^o. At one part of the day travel is moderate elevation, is a savana land forming a 
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traiwitaon between the arid desert to the north 
and the densely forested coastal loM^landa of 
the Qulf of Guinea. This savana land, the 
Sudan, extends as far east as ihe Nile. The 
Nile provinces of the Sudan have already been 
described. The Senegal and Gambia rivers rise 
in the forested Futa Jallon highlands, and flow 
north-west, forming falls in their dosoont from 
the plateau to the lowlands, whii'h ai*e less 
densely forested than those of the Gulf of Guinea. 
The exports are ground nuts and rubber. 

Difficulties of West African Trade. 
Two great difficulties hinder trade - the 
want of harbours and the want of roads. 
Freetown has a good harbour, but from there to 
Old Calabar, a distance of 1,600 miles, the coast 
is beaten by the heaviest surf of the world. “ Oft 
every beach is a fringe of parallel thundering 
rollers, white-crested and steep-sided, smiting 
the sand with tremendous force.” Every river 
has its thundering bar, “ whic'h it is almost 
certain death to cross except in boats constructed 
for the peculiar work, or in luitive canoes.” 
Every pound of gootis has to be shippi'd or 
landed through this fringe of break(T8, and 
ships ride at anchor a mile or f o from the shore 
l^ads in the forest count ry are mere tracks, 
unfit for wheeled carriage, ifuman carriers are 
employed at a cost of time and money vhich is 
prohibitive to trade on a large scal<\ TJie cost 
of carriage in Northern Nigeria is 2s. a ton a mile. 

Swamps of the Niger Delta. Between 
Jjagos and the mouth of the Old Calabar River lies 
ft waste some 400 miles long “ of festering mud and 
sljmo, outof which the leather-leaved mangroves 
grow. Through this deso- 
lation of rottenness (ho 
waters of the Niger find 
their way to the sea by 
innumorablo channels, tho 
whole bound together by 
a network of tangled 
waterways.*’ Of several 
hundred mouths only 
eight or nine are navigable 
by large vessels, though 
a steam launch with a 
native guide might doubt- 
less travel through 600 
miles of swamp and forest 
by as many different 
routes. Akassa, at tho 
mouth of the main 
stream, has a dangerous 
bar at the entrance. 

l%is region is almost 
impossible of habitation. 

Away from tho fringe of 
forest along tho creek 
tho traveller sinks deep 
in tl e evil-smelling, slimy 
ooiBb, above which riso 
the distorted, stilt-like 
roots of the mangroves. Towards tho apex 
tho abundance of oil palms tempts the almost 
fever-proof native to brave the diseases of this 
uninviting lejgion, which is yearly inundated by 
the floods river. 


The oil palm will not grow moro than a certain 
distance from the sea, and loves a swampy 
soil. Its fruit resembles a hr cone or a pine- 
apple, and contains many nuts, each something 
like a yellow plum. The nut oontains a mass 
ot fibre and yellow grease, and when boiled down 
produces the palm oil of commerce. Tlie nativw 
use it as we use butter. Enormous quantities 
arc exported to Europe for soap anti candle 
making, and to lubricate railway carriage u heels 

The Lower Niger. Not till A ho, 100 
miles from tho sea^ is tho Niger confined to a 
single channel. Above Abo it is a noble river, 
flowing between foresU which contrast agreeably 
vnth tho horrible swamps of tho delta. Croco- 
diles and hippopotami disport themselves in th(‘ 
sun, and tho banks are. dotted with many palm- 
shaded villages, each with its thatched garden of 
yams, which form tho staple food. Tlu' forest 
native tribes have many cruel tribal feuds anti 
many sav.igo religious practices. 

The Ascent to the Plateau. Home 
2(K) or 3()t) miles from the coast tho country 
begins to rise into hills, which arc tho southern 
margin of tho plateau from vhich thc» Nigei 
comes down. Tho river flows lK‘twecn flat-topped 
mountains, rugged and bare, its tierce current 
swilling round tho islands and rocky barriers, 
which imjK'de its descent to tho forested low- 
lands The navigation of this part of tho Niger 
IS beset with dangers, but at last Lokojn, at tlie 
confluence of the Niger with the great Benuo 
from tho east , is safely reiw‘hcd. 

The Sudan. By this locky and dangorouti 
barrier wo enter tho hudan Instead of tho 


primeval forest, with its enervating climate, 
and its unprogressivo superstitious inhabitants, 
we have an open plateau, with a drier, healthier 
climate, and that possibility of free movement 
on which ihe spread of civilisation depends. Tho 
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people — Fulas, Hausas, and other tribes — Uiough 
there is much diversity of blood, are civilis^. 
They are clever traders, skilful agriculturists and 
craftsmen, devout Mohammedans, and possess the 
power of self-government. Till recently the region 
was divided into independent states, Sokoto 
being the most powerful. Much of it now forms 
the British colony of Northern Nigeria. 

In the Sudan the palm oil tree disappears, but 
it is replaced by the equally useful shea butter 
tree. Sorghum, a kind of millet, and maize 
replace the yams of the forest Niger, and domes- 
ticated animals arc once more numerous. The 
country is (jovered with villages, and there are 
also important walled cities, some with nearly 
1(X),000 inhabitants, the centres of trade between 
the Guinea coast and the Mediterrant^an. The 
largest arc Bida, near the Niger, and Kano, much 
further nortli, and better placed for the caravan 
trade across the desert. Blue Kano cloth, mad(? 
from local cotton, is famous through half Africa, 
and can bo bought at placios as far apart as 
Alexandria, Tunis, and Lagos. Kano is also the 
great market for kola nuts. Those are so valued 
in the Sudan for their feeding and stimulating 
properties that in times of drought a slave is 
often given in exchange for a single nut. Tho 
fruit resembles a large chestnut, and grows 
in long pods containing several nuts. Yakoba 
is tho chief centre in the east. Tfie seat of 
government in Northern Nigeria is Zungeru on 
the Kaduna river. 

The Resources of Nigeria. Very 
little of Northern Nigeria lies in the d<'nsely 
forested coastal plain whicli forms Soutlu?rn 
Nigeria, There are valuable forests in tho 
south, producing mahogany, ebony, oil palms, 
kola nut>i, and rubber. Agriculture is important 
everywhere in tho plateau region. Around (he. 
rivers are rich, alluvial laiicls, over which the 
water spreads when swolUni by the siimniei' 
rains, and over which it deposits a mud hardly 
less fertile than that of the Nile. Fine crops 
of rice, tobacco and cotton are grown on those 
alluvial lands. Cotton is a native of the Sudan, 
and wall probably become as important as in 
Fgypt. Wheat may also become a valuable 
product. Towards the north, on the margin of 
the desert, a different vegetation appears, among 
which gum-bearing acticias may be noted. 

The West African Powers. The 
predominant power in West Africa is France, 
whose sway exU'nds from the MeditiCrranoan 
across tho desert and tho French Sudan to tho 
shores of the Gulf of Guinea. Along the coast, 
between the mouth of the Gambia in the west 
and that of the Niger in the east, other powers 
liave established colonies. The narrow Gambia 
valley forms the British colony of Gambia. A 
little further south is Portuguese Guinea, sepa- 
rated by some 200 miles of French territory 
from the British colony of Sierra Leone, beyond 
which is tho ropublie of Liberia. The French 
Ivory Coast, the British colonics of Gold Co^ist 
and Ashanti, the Gorman Togo, and the Fi*eneh 
Dahomey, bring us to Southern Nigeria, a 
British possession in the basin of tho lower Niger. 


The West African Coast. Betw^n tho 
Gambia and tho Niger mouths one may steam 
for days along the coast without any change in 
tho scenery. Imagine a sunlit sea, running 
in mile-long undulations, which pile thomselvea 
up on end and smite the yellow beach with a 
thundering crash. Beyond tho beach a row of 
mud hiitiS nestles beneath the shade of an 
immeiiHo palm, whose green fronds form a 
feathery bieowork ov^er them. Beyond these 
are cottonwood forests, while a steamy hazu 
hangs over the whole.” Only one or two 
settlements need bo mentioned. Tho first is 
Freetown, the capital of Sierra I.ieone, tho 
second town of West Africa. With its white 
houses set in orange gardens along the slopes 
of Tower Hill, and the forested heights of tho 
Hierra Leone, or Lion Mountains, behind, it 
is a beautiful sight from the sea. Like all this 
coast it has an evil reputation for its climattJ, 
wliieh is hot, damp, and unhealthy. Fifteen 
hundred miles farther east is its rival Lagos, 
the most important town in West Africa, 
‘‘ Glancing shorewards you see tho inevitable 
line cf yellow beach, but no foro.st behind. On 
a low island in a wid(^ lagoon stands what is 
really a handsome town, and not the conglomera- 
tion of galvanised sheds and mud huts which 
form so many West African settlements.” 
Not only is tJie trade of Lagos very nnportant. 
but it commands the shortest routes to the 
most fertile parts of the Nig<jr basin, now 
included in Northern Nigeria, which arc in- 
habited by black Mohammedan races, higlily 
skilled in many arts. A railway is being b\ult 
Id the Niger from Lagos. 

The Niger in French Territory. 
Nearly all the rest of the Niger biusin is French. 
The river makes a great bend to the north, 
S(q)arating the desert from the Havana lands to 
tho south. The most important town is 
Timbuktu, a few miles north of tho river, 
hut connected with it by a winding channel. 
Timbuktu is the tcy’ininal point of two important 
routes across tlie- dessert, and the cc.«tro at 
which the products of two very unlike regions 
are exchanged. 

The Niger rises among forested mountains 
some 5,000 ft. high at no very great distance 
from the Senegal and Gambia. At its source 
it is less than 150 miles from the sea, hut 
owing to tho configuration of tho country, it 
flows inland in a north-easterly direction for 
several hundred miles before it finally turns 
south to the Gulf of Guinea. It is tho third in 
length, and the second in volume among tho 
rivers of Africa. Between tho Niger, tlio Nile 
and the Congo is tho Lake Chad basin of inland 
drainage which receives the Shari river, The 
lake varies in size from 6,000 to 30,000 square 
miles according to season. 

In tho French Sudan the same general 
characteristics are found. South of the desert 
is a poor steppe, passing gradually into fertile 
savana lands, which extend to the southern 
margin of the plateau. The coastal lowlands 
belong to the forest region. 


Continued 
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piOLISHING leather seems an easy tixsk to 
^ the shoebhick ; but that is because some- 
body else has made the leather capable of re- 
ceiving the polish first. A very good polisher is 
that old maohiiio [22] with the smooth stone 
worked up and down on the sloping hoard. 
The hide is fixed on the board sloping beneath 
the arm holding the polisliing stone. Driven 
by a crank at what we may describe as the 
<*lbow, the arm moves the stone up and down 
on the leather, smoothing and polishing it finely. 
For giving a glaze to leather in its natural 
colour, brass rollers heated within are used, 
and the result is a hard, enamel-like polish. 

Levanting. Ijcvanting is one of the 
oldest and most effective methods of finishing 
leather. First the hide is blacked with a 
mixture of ox-blood and logwood brushed over 
it and left to chy. The levanting machin<5 is 
a spindle with four spokes, on the ends of which 
are glass rollers. 



The spindle is set 
to the centre of a 
semicircular box, 
the inner circum- 
ference of which 
is barely the thick- 
ness of the hide, 
larger than the 
circle des<?ribed by 
the spokes. When 
the leather is laid 
in and the machine 
set going, the glass 
rollers touch lightly 
yet firmly the sur- 
face of the hide, 
and gradually im- 
part a polish bright 
and indelible. 

Bnamelllng. Tho so-called patent leather 
is used chiefly for harness ; but it has sometimes 
been favour^ by a largo section of the public 
for boot-fronts. For this purpose the flesh 

g plits of various classes of hides may be u.sed. 

tretehing the leathers on a board and nailing 
♦Hem fir^piy down, you apply a coating of enamel 
and dry in a stove. When dry, put on another 
coat, and repeat till the thin liquid has formed 
a sdun. A rob up on the patented side and a 
wipe of oil on the inner aide finishes enamelled 
leather. 

Pyeing and Staining. The colouring 
of leather is a subject of serious complexity, 
liiToiviiig study of chemioal processes far beyond 
our provinoe. Even chemists of the highest 
repute ore unable to explain clearly the principles 
oT leather-dyeing. Fortunately, by practical 


21 . rOUSlIlNO MACHINE 
(Joteph Hall & Sona, Leeds) 


experiment, wo have been able to dye leather 
in a way fairly satisfactory to the ordinary 
eye. In reality, so far as the actual work is 
eoneemed, lcather-dy<5iiig is very simple. 

First, the condition of tho leather should bo 
carefully observed, and all hides of weak grain 
or broken hyaline rejected. If the ghwsy 
layer or tho gram be injun^d, tho dye will show 
up the defect. Anotlu*r precaution is necessary. 
(u)ods of differtmt tannages should never be 
dyed logothor. If the goods have been dried 
some time, they require to be wiwhed and 
softened in the drum, in water heated to 
about F. Freshly tanned skins are practic- 
ally ready for the dye bath. 

Hand Dyeing. lA'athor dyers use vessels 
of all sorts, from the humble earthenware crock 
for treating small skins to the largo tank. A 
very good bath for hand dyeing is the di/e tray, 
a shallow vat 5 ft. long by 3 ft. broad and 10 in. 

det‘p. Having filled 
tho vat with tho 
proper colour, the 
dyer lays in the 
skins, one at a time, 
up to the number 
of a dozen When 
the dye has been 
given sufficient time 
to work, the skins 
are lifted out and 
put back again, tho 
bottom one being 
placed on the top 
aiitl the top one at 
the bottom. Thus 
tlie Older of laying is 
constantly changed 
for about an hour, 
when the skins 
should have been dyed. If it be diwed to colour 
only the grain side, the skins are laid in pairs, 
flesh side to flesh side, and folded in two the long 
way of the hide. Simple as the precaution may 
seem, it is entirely ciF<‘ctive, as the dye never 
goes further into the flesh side than about J in. 
round the edges. 

Hand dyeing i.s now practised only in small 
cstablishmchis or on goods requiring careful 
treatment. For ordinary comraereial leather, 
mechanical dyeing baths are used, chiefly of the 
paddle or drumming models. The padale bath 
is, of course*, open, and for fine shading of 
colours is to be preferred to the closed di^m. 
In most other re-spects, however, the drum is the 
better. The colour penetrates more quickly, and 
the temperature of the dye remains constant 
for a longer time. 
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Staining. Dyeing takes time, special 
apparatus, and a large stock of materials. For 
the cheaper kinds of commercial leathers, all theses 
mean needless delay and expense. The colours 
chosen for staining must have a distinct affinity 
for leather, or they are worse than useless. 
With this limitation, the choice is not small. 
Manufacturers supply both acid and basic 
. <’olours, of many shades of brown, red, green, 
blue, and orange:, guaranteed suitable for 
f?iuining. The leather luiving been smoothed 
and lightly boarded, the stain is applied with a 
brush. One coat is not sufTicient, except in the 
case of heavy blacks. The first coat is allowed 
to dry, and a second, third, or fourUi applied. 
As the stain is, or should be, very smooth, the 
more coats laid on, the 
smoother will be the 
finish of the leather. 

Dyeing Chrome 
Leathers. In vege- 
ttiblc tannages a mor- 
dant that fixes the dyes 
is self-created ; but for 
chrome- tanned goods 
an applied mordant is 
almost essential. Having 
been tanned and boraxed 
in the usual way, the 
hides are put in a drum 
containing a tanning 
solution, toned with 
gambicr and fustic ex- 
tract, and dniinimxi 
through the licpior. 

The leather is partially 
dried by sleeking or 
pressing, and then 
drummed through an 
emulsion of fat and 
wat<*r. Some tanners 
prefer to dye before 
fat-liquoring ; but cir- 
cumstances may deter- 
mine the order of the 
proccjsscs, and the differ- 
ence is veiy slight, the? 
chief effect being the 
partial solution of some dyes in the liquor. 

Finishing Leathers. The glazing of 
leather grades from the soft oily polish of kid 
to the bright slu^en of morocco and the hard 
glassy surface ( f the enamelled goods. The 
simplest glaze is oil. Applied with a brush, and 
polished up witli a flamicl, it gives a sweet 
surface to tlie fine leather, and acts as a preserva- 
tive. For a higher glaze, and specially as a 
protective to weak dyes, a soap jelly is used. 
Caustic soda, stearic acid and water, boilwl and 
diluted while hot with added wate*r, make a good 
jelly for the purpose. It is brushed thinly over 
the surface of the leather, dried thoroughly, and 
polished up on the glassing machine. Still 
higher, and giving a harder finish, is a .solution 
b£ fhellac dihited fi parts to 100 of water and I 
part of borax, 'rhis is applied in the same manner 
as the soap jelly, and results in a hard polish. 


Morocco and Fine Coloured 
Leathers. The finishing of these leathers is 
a long and complex process, seldom practised in 
this country, where time and materials are so 
expensive. The Moors of Tafilet, Fez, and 
Morocco still hold the bulk of their ancient 
trade in leather. It is nonsense, however, to 
say, as some do, that we are unable to produce 
good morocco leather. It is done every day. 
'Pho softness and 6iic grain of morocco are pro- 
duced by elaborate staking, boarding, and 
working with the hand, until the fibres have been 
ivducod to complete pliability. For giving the 
gloss so much admired, and so indestructible, 
it is necessary to coat the leather w ith a seasoning 
of water, milk, and blood or albumen. When the 
coating is nearly dry, but 
yet soft, it should be 
hnnd-glassed, or it may 
even be glazed under 
the glazing rollers in the 
polishing machine [21]. 

Chrome Finishing. 
In common with all new 
inventions, chrome tan- 
ning hjwl to encounter a 
good deal of prejudice, 
and one defect seized 
upon wa.s tlm intracta- 
bility of chrome-tanned 
goods to fine finishing, 
i'he objection no longc^r 
holds. By the following 
process the manufacturer 
can give chrome -tanned 
leathers as fine a finish 
as (^aii be desired. Aft(T 
dyeing, wash the goods 
in tepid whaler, with salt 
addesd, to the amount of 
throe pounds for every 
dozen skins. Dried and 
cleared of moisture on 
the striker, the .skins are 
nailed out flat on boards, 
flesh side down, and 
sponged over with a 
mixture of glycerine and 
water. Then lightly oil the grain side with sperm 
oil, and (*arry to the drying-room. Having dried 
thoroughly, the skins are taken off the boards and 
laid between layers of damp sawdust till the 
hard, tlry stiffness has gone from them. Worked 
on the staker till smooth and flexible, the skins 
are given a coat of linseed oil mucilage and 
dried out. Wc are now prepared for glazing. 
The glaze seasoning consists of egg albumen 
soaked in water, with milk added. Having 
been carefully seasoned with the mixture, the 
skins are rai>idly dried out in the warm stove, 
and glassed on the machine. This process is 
repeated twice over, each time with a weaker 
solution of the glazing mixture, and then the 
skins are lightly boaiSed against the grain, to 
give a surface. After being rubbed over witli 
a soft flannel cloth damp with linseed oil, the 
goods are ready for the buyer. 
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'T'HE hiicket, hoppit, or kibble^ employed for 
* raising rock, etc., is sometinicH barrcl- 
sliaped, and hung from three chains or a bow. 
Its most usual form [81] is circular with straight 
sides, larger in diameter at the top than at the 
bottom,'’and hung from a bow pivoted on trun- 
nions set below the centre of gravity, so that, 
it is top-heavy when full and will tip over of 
itself ; but to prevent tliis happening during the 
ascent in the shaft, one or two vertical pins are 
riveted at the top of the kibble, and an ordinary 
link of a chain sliding on one or each arm of the 
bow passes over these pins/' and so prevents the 
kibble from tilting. Two kibbles at least are 
required, one filling at the bottom 
while the other is going to surface, 
and even a third is often intro- 
duced in deep shafts in order to 
save time by having one filling 
while the others are travelling. 

Excavating the Shaft. The 
excavation is conducted by drilling 
at the centre a group of four or live 
holes, called snmpers ; they are in- 
clined inwards, arc 5 ft. or <) ft. 
deep, about 2 in. in diameter for 
dynamite, and 3 in. for gunpow d(ir, 
and may be drilled by jumpc'rs, or 
by hand or machine drills, the last 
named for prefereiioo in very liard 
ground. The suinpers are charged, 
tamped, and firwl (;ither by (dec- 
tricity or fuse, the whole, lot of 
holes being fired at the saints time. 

When fuses are used, difTt'rent brngths are 
employed for each shot, so that they are tired 
in suoocssion, can be counted, and any miss- 
detected. Jleforo tiring or after lighting 
Ihe candk'S cat the fuse, tiie men are drawn 
to the surface and the biidgc run over the toi) 
of the shaft or the cover shut. 'Die ]»ractic(; of 
excavating described above is sonuwvhat similar 
to making a raises as shown in 82, but tin* opera- 
tions are conducted downwards. 

The first lot of holes form a great hole, or a 
sink or surnp^ and around it another lot of in- 
clined holes are drilled and lired to blow away 
the wal]^ of the sump and to loosen the grouiul 
for the next and last ring of holes, wl»ich arc 
drilled perpcndioulaiiy. 

The broken stuff is loaded into the kibble, which 
is wound up, and on reaching the surface, is raised 
a little above the shaft to allow the doors to bo 
shut or the rolling bridge with a tJp waggon to Ix' 
pushed over the shaft. Tlie ki bhlc is then lowered 
over the waggon, the chain Jinks on the arms 
arc raised off the pegs or pin, the kibble at once 
tips over, and the confronts are discharged. The 
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kibble is turned up again, any loose stuif removt'd 
from the outside, the chain links rend justed over 
the pill or pegs, the rolling hi idge run otf or the 
doors opened, and the kibbl(‘ sent dow n t he sliaft 
again. At the bottom the empty kibble is 
detacheil from the spiing hook, the loaded one 
hung on, and so the winding goes on. 

Supports As the sinking proceeds, the 
sides of the shaft must be supported, as in the 
ease of the vein mining shaft, but for these large 
shafts, iron rings kept in ])lace by hangers with 
planks at the ba(d<. wedged against the rock are 
used (831. The rings are m:ult* of flat iron bars 
from 3 in. to 4 in. wide and in. thick. The bars 
arc in segments witli sc^veral bolt 
holes, and are boltial togi'ther U> 
form flu! ring. The hangers iir<* 
inch-square, iron ; the planks, (» in, 
or 7 in. Avidc by J.j in. thiek. 8omc- 
timi‘s the tem|K>rary lining is Imilt 
wholly of timber. Wooden seg- 
numts bolted together form a ring 
or curb round the shaft, behind 
w'hkMi •backing deals or wooden 
lagging is drivt*n, wliib' stronger 
planks or stringing di^als are nailed 
round it inside llu^ shaft fiom one 
curb to anotlK'r to lioNl th<‘m to- 
gether, and small profis [punch 
props) are placed betweiai them to 
keep them in jiosition, lik(^ the 
sUuldles in vidn mining. 

BricKing the Shaft. When 
a Hutlieient depth has been sunk, 
bricking is started, and tor this purpose a 
part, of the shaft (w'liieh call tin; Wc'iy dowai 
has been mad(* sufficiently large to allow foi* 
the bricking) is reduced to its finished size, 
leaving a ledge all round which is known as the 
curb’baL Tiiis is most i‘;irefully levellt d, and its 
eenti-e m.ide In cioincide with l.he cc'ntre ot th<* 
shaft, the; spirit, level and a ci‘ntre line, being 
usi'd for the purpose. An oak or east -iron curb 
(the latter is Viclter) is laid on tlu' bed and wedged 
tightly from behind with hard wooileii W(‘dg(‘s, 
W'liile it IS kept peiieidly levt‘l and pro])erly 
(•(‘lit red. 'Phe brickwork is then started on this 
wt'dging curb. Ordinary bricks are iisctl, and it is 
good jiraetiiH'! to make the walling thicker fit the 
curb than in tin* rest of tln^ lining. ^1 b(' walling is 
kept vertictal by me.ins of plumb lines hung trom 
<*iirb to curb, and is continued up to the surface 
or to a previous section of walling. When 
starting sinking ludow a curb, the shaft is very 
gr.adually increased to tlie ordinary size ; in this 
way a bracket is left all round to support the 
brickwork above. Tlie walling is done in con- 
venient seotiuiiB, and when a lower seidion 
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reaches an upper section, the supporting bracked 
of rock is removed in short lengths, and the 
brickwork carried right up to the curb. 

Scaffolding for Shaft SinRing. The 

stylo of sc^vfFolding used in ordinary liricklsying 
work requires shifting each time tlie work rises 
h(‘yond the reach of the men, and Ihis is too 
1ioul)lesomo and laborious in a shaft; therefore 
siis])ended scaffolds that can be raised or lowetvd 
by the ijapstan engine at the surface are used. A 
good form of seatTokl consists of three parts— a 
ebntral one and two side pieces — working on 
hinges, eoime(Mion bt'ing made to two ropes fnun 
the engine by t wo sets of tlireo bridle cliaiiis. At 
a signal it can 1 m' rais(*d or 
lowcnal, and is lixod at the re- 
quir'd }x»sition either ])y bolts 
driven into holes in the shaft 
sides or by w(*dging. W hen not 
in use it can rc^inain sus})('nd(*d in 
the shaft, and oven act as a prO' 
toetion to tlic sinkers, the central 
piece being then removed to allow 
the passage of the kibble, or else 
it can be folded up on its hinges 
and put on one side. 

SinKing Troubles. Unless 
some troubles arise, the sinking 
eontinues in this May until tlu* 
desired depth is attained. But 
troubles are almost sure to arise, 
the most common being the 
presence of M'ater. Water-bearing 
beds are almost certain to be en- 
countered in the upper- format ions 
— alx)ve the coal measures for 
instan<‘e — and Imo matters have 
to engage tlie attention of the 
miner, nanu'ly, keeping the water 
down in the shaft so as to enable 
the sinking o])erations to proceed, 
and, secondly, making provisions 
for preventing the -water interrupt- 
ing future operations in the 
.shafts. 

Remoiring Water from 
the Shaft. If the quantity be 
small, it is done by winding in 
the ordinary kibble, or in a sprvial 
water- barrel. To prevent lh(* 
wat<^r splashing about in the 
shaft during mining, arrange- 
ments are made to collect it at 
the position of the spi iiig ; hok'S 
are left in the Irriekwork, and 
pipes are provided for the whaler to run 
down, wiiile the next enri^ is modihed some- 
w^hal, being provided w'ith a gutter going 
completely round the shaft, and known as a 
W(vt(T-ring or garland. The w'ater is drained 
from the garland by a pipe, and as the shaft 
dw]x»iis is conducted from one garland to 
another, and ultimately to a tank or to a w'ater- 
barrel at th<^ Ijot b>m of the shaft, which is wound 
to surfact wfrah full. There are various foims of 
water bncket/S ; some are provided with a valve 
opening upwards in the bottom, which prevents 
w ater flowing out until the baarel reaches 


tike plaoe where the water is to be discharged, 
when the valve is opened automatically or by 
some simple means. When, however, much 
w'^ater is encountered, more serious means have 
to 1)0 adopted to keep dowm the waiter. The 
pumping engines at the surface may be called 
into requisition, and suspended lifts or special 
sinking pumps may be used ; sometimes ail are 
required, as happened in sinking the shaft at 
Dover. 

Tubbing, nr Keeping BacK Wafer. 

This is done by providing an impervious lining 
to tlic shaft ; wood, brick, or oast iron may 
be used. A watertight lining of wood or brick 
i^ known as coffering , while the 
east-iron lining is known as 
tubbing. Wood is not a satisfac- 
tory material for the purpose, as 
it is seldom really watertight 
and requires constant attention. 
When brick is used, concentric 
rings of briekw'ork w'ith interven- 
ing K])aces tilled with oommt are 
built up and form the coffering, 
while the surface at the back of 
the brickwork is filled in with 
soil. Uo If coring is cheaper than 
tubbing, but cannot withstand 
gr*<^at iw'cs.sm'es ; so that usually 
when the dej>th exceeds TOO ft. 
(-ast-iron tubbing is used, either 
in the form of continuous rings 
or more froquentiy in the more 
< (mv enient form ^ of plates or 
segments, generally about 4 ft. 
long and t wo or three in depth, 
and varying in thickness to suit 
th(^ pressure to be resisted. They 
are cast with flanges, cross-ribs 
and brackets at the back to 
strengthen them, and with a pro- 
jecting lip along the top and one 
sid(^ to prov ide a surface to wedge 
against and to keep the sheeting 
and adjoining segments in posi- 
tion. Tluu’c is also a hole in the 
centre of each segment for the 
escape of walm' during the erect- 
ing of the tubbing. 

When tubbing is employed, the 
sinking is etmtinuod through the 
water-l)eaTing strata until some 
impervious fonnation is met with, 
then good ground is carefully 
s(*lected and a bed is formed upon 
M-liieh to place the wedging curb. This bed is 
dressed with great care with chisel and hammer, 
no blasting l>eing permissible; it is tested with 
the centre line, straight<xlge and spirit-level, 
and only when quite true is a layer of soft wckmI 
or tarred flannel laid upon it, and upon this the 
wedging curb. This is built up in segments, 
M^hich may 1 h^ IS in. wide, 6 in. deep, and are 
east hollow to reduce wei^t. They are Piet in 
position Math the open side towards the side of 
the shaft, and half an inch sheeting of soft deal 
is placed in the joints with the ond of the grain 
turned towards the inner part of the shaft. The 
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space behind the curb is then packed tightly with 
diy wood free from knots and with the grain 
upwards. Hard, dry wooden M'cdges are then 
driven into the packing, taking great ciirc to do 
it all round equally so as not to displace any 
segment of the curb. 

Laying the Tubbing. Each plate or 
segment islet down by the winding rope*, hung 
from a large D link, tin; pin of which passt's 
through the hole in the plate. This is easily 
swung into positu)n by tin; workman ; the 
plates arc laid side by side on the curb, lir 
Khoeting being 
placed between tin; 
curb and the plate, 
and also between 
the segments wln^n 
the ring is eom- 
})let(;. W edges are 
driven down be- 
tween tin; hack of 
the segment s and 
the w^alls of the 
shaft to ijrcvent any 
of th(i s(;gm(‘nts 
moving. When the 
wedging is tioin- 
plete, a layer of 
sheeting is laid on 
tin; lop flange of 
the ring and a 
second row of plates 
put in position with 
sheeting between 
and breaking joints 
with the plates of 
the ring below — 
that is, the joints 
between the seg* 
ments in one ring 
come into line with 
the (jentres of the 
segments of the ring 
above and below. 

The tubbing is 
canied on in this 
manner as far as is 
desired, temiinat- 
ing with an uppcT 
curb having a ledge 
beneath it to hold 
the top ling of tubbing in position and to aid 
in making a watertight joint. The low(‘r part 
of the space between the sli ift wall and tin* 
ring of tubbing is tilled u]) with concrete, the 
upper part with soil, clay, or aslies. Wlu*ai a 
column of tubbing iscomplt'ted, all tliehori/ontal 
and veijiical joints an; eaiefully wedged, as 
long as an opening can he niad(; in tlie sheeting 
with a chisel. Tliis wedging is started from 
the lowest ring, and as each plate iswt'dged tin; 
centre hole is jilugged up. If all the i>[)eratioiis 
have been properly conducted, the leiigtli tubbed, 
instead of being drenching wet, will he quilt* dry. 

Shaft-sinhing in Loose and Water- 
bearing Ground. Shaft sinking has fre- 
quently to be done in gi’ound of a loose, wet 
charactci’, such as running sand or water- 


bearing gravels. If the troublosoim; giound 
be not very di^oj), piling is adopted — tliat 
is, wooden planks are drivtai dounwards all 
round the shaft, with their edges togetlier, 
and are supported on tlu* iniu'r sidt; l)y eurl)s. 
The planks are generally 10 ft. to IK ft. lung, ti in. 
wide and if in. thi(*k ; the lower ends art* tapered 
olY to a cutting «*dge, the \ij)})er ones being 
prntect(‘d by h(uq» iron. When the ring is com- 
plett* and down to (i ft. tla* ground is removed 
from the inside*, another curb is put in, and the; 
driving eontinued. .\fter 12 ft. or so has b(‘en 
removed, arrangt*- 
meiit.s are made to 
start a fresh ring 
of piling. For Ibis 
])iirposc a seeoml 
eiirl) is laid within 
the low(‘st enrl) of 
the pr(*(;eding ring, 
leaving a spae.e of 
il in. l)(*tween the 
two curbs, and the 
piling is continued 
ill the Sana* mann(*r 
until th«; wholt; 
loose ground is 
pa, ss(*d t hrough and 
tile ston(‘liead 
reuehc*<l. It will be 
noticed that the 
sliaft is reduced in 
size by each ring of 
piling to the extent 
of twice the, thick- 
ness of the hoards 
and the (*ur1>s, and 
this lias to h(* t.akeii 
into eonsi(l(*ratiuii 
\\li(*n arranging the 
si/,(* of tin; lirst 
circle, so as to allow 
for a full-size, shaft 
after llie last ring 
of piling. 

Sinking by 
Drums. Piling is 
a, veiy exjieiisive 
operation, so that 
when the loose 
ground extends for 
a iMmsiderahle distanec down, some, altcrnativi; 
jnetliod is adopted. In one of tlu'se, a, drum or 
lyliiuler of suiheieiit diaiueter to allow t lie walling 
of the shaft to be subseijuently ens'ti'd inside; 
is built up at the sin fact* e.nd gradually lorced 
down through llu* loose* gioinul and into tie; 
solid roek Ixdow . Tie* <Irum may be const rueti'd 
of v\o<»<l, iron, steel or brickwork, and in every 
case the jirocedure is llu* same. Si veral rings 
an* built up and then the drum, vrhi<*,h in all 
eases is ])rovided with a caitiiiig edge round 
the lowest ring, is forced down by w'ciglils, or 
by sercAV or hyilraiilic; ])r<‘.ssuri‘, laire being takim 
that it goi's'down truly vertical, for vvhieli 
purjiose guide frames an* ere<;tcd. When it luis 
sunk a oonvenii'.nt depth l)u' sand or soil is 
excavated from the interior, and these op(*ra lions 
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ttTR ocmtmtted twrfH the soltA grouiod is cftttcfped ; 
then the permanent waUing ean be put in. 

But even greater difticulties tnan those 
already mentioned arc somotimes onooimtei’ed 
while sinking shafts foi’coal mining ; for instance, 
loose wak'r- bearing strata of stioh magnitude us 
to defy ordinary tubbing operatvons may be 
t neountwod, and tlicn cither the moliility of the 
water must be ovefrcom<5 in some way or tlie 
sinking and lining operations must be 
conducted in the presenoo of th<’» wat-<'r. 

Shaft « sinking by Freezing 
Methods. The mobility of the wat('r 
has been overcome by the. ingenious 
im^ihod of Poctscb, 
whi(^h 1ms been HrrT 
inoditicd by Gol)ort . 



I5y those methods the lieroir 
('Option of rendoring the whol«* 
of water- l)earing loosi’ gnuind aroinui 
and iilx)nt the shaft solid by froe/irig 
the water into ioe has boon pul intu 
praetieo, and has ]inncd highly su« - 
o(>ssful in several instances. 1’hc mass 
is frozen solid, and lh(*n sinking is con 
(iueted much in the usual vay. 

Strangely tmoiigh, those portions of 
tlio broken stuff brought to surface 
wliieh consists of particles of sand and 
('a-rth cemented together by ice., have 
very mueli the appearance. marble. 

The freezing is effected by sinking a 
ring of boreholes around the area of 
the shaft and right tlirough tlie loose 
wat('T- bearing strata and well into llic 
solid rock below, and into tlic.'C boi’c- 
holes tubes are inserted. Tbe tub('s 
sene for circulating brine in the 
Poetsch prot'css and liqiu'fied ammonia 
in the OolK^t process within the 
boreholes. .In both eases the 
cooling materials are caused to 
eireulati^ by means of pumping machinery. 

The Gobert Procesa. In ^le case of the 
ammonia, whit'h, as may l)e gathered from the 
chemifltty course*., is a gas, this gas is converted 
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imbe a hquid hy v^Ucatioa ol presstsve wdeold ; ' 
it passes into an inner tube in each borehole, and 
from jperforations in this tube exudes into the 
surrounding space enclosed by an outer t4ihe ; 
the pressure is thus relievea, and the litjuid 
changes at onoo into gas, absorbing an immense 
amount of heat in the transformation. This heat 
is withdravTi from the surrounding areas, which 
in these cases is watery, loose ground. This 
consequently becomes colder and colder, 
and ultimately solidities .around the bore- 
holes ; the solid crust continues to in- 
ereaH(5 in tliiekne.s8 until the solid areas 
around the borehok's meet together, and 
form a complete wall 
of material frozen solid 
extending from tJie top 
to the bottom of the 
boreholes. Then only 
is the sinking pro- 
ceeded with. The gas- 
cous ammonia is 
I)umped from the tubes 
continuously, and is 
again passed through 
tlie c( nidensi ng in a- 
eliinery, hence it per 
foniis a complete eycle 
and the operation is 
continuous. 

The Poetsch 
Process, In the 
Poetsch process, in- 
stead of using a gas, 
a licpiid that will nob 
tre(*ze is employed — 
I f” brine, for instance. 
This is eoidod by cold- 
producing appliances, 
nderground and down an inn(*r 
a,ch boreliole, and ('xudes into 
an outer tube, from which it is pumped 
ujj again to the cooling plant at the 
.surface, having in its courses taken up 
heal from the area surrounding tlu' bore- 
holes in the sanu' way and with the sanu^ 
effect a.s in the case of the Gobert j>ro- 
ei'ss. The parti(;ular advantage of the 
(iobort ovf'r th(' Poet.seh is, that in the 
former a n dueed pri'.ssure is maintained 
in the hole.'^, and any leak.'igi' would not 
affect the surrounding mass ; wlieroas in 
the latter a high pressure is mainl.aincd, 
and any leakage allows brine to escape, 
which would either thaw the area around 
tlu' leak or else prevent its freezing. 

Shaft-sinking in Water. A de- 
scription of the sinking operations at 
Dover will furnish an example of another 
method of overcoming the difficult irs 
eonniK'tt^d with water - bearing l(X)si‘. 
ground, and will, moreover, furnish an 
example of boring operations on a laige 
scale. 

The Kind-Ohaudron method of sinking 
adopted [84 and SSj. In Uiis ease the 
had become a barraqtte, consisting 
71 ft. high and a wall 94 !t. 


derrick 
of a tower 
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long and 34 ft. wide, with a transept for 
aceommodating the balance beam and hoist- 
ing engines. In the centre, at the pit top, 
an octagonal chamber 20 ft. by 22J ft. by 
OJ ft. deep was provided for the sinkers to 
work in. At a height of 45 ft. a track, fe, of 7 ft. 
gauge carried the cars for supporting the 
trepans ah (as tlie compound chisels are 
called), the sludging barrels, c, and free- 
fall apparatus; and 20 ft. above this tra(?k 
there was anot her, g, of 37 J in. 
gauge for ears from which the 
boring rods, /, hung suspcncU^d 
when not in use. At the very 
top, above tin*, eeulri?, a small 
chamber protected the pulleys 
for directing the winding 
ropes ; they were supported 
on massive oak balks. All 
parts were accessible by 
ladder-ways, and there weri^ 
galleries with working plat- 
forms at ditTorent levels for 
the necessary manipulations 
over the shaft. The procedure 
followed was to boro a hole 
with the small trepan, 6, 

I09.\ in. in diameter and 30 or 
40 ft. in advance of the full- 
Hwod shaft, and truly vert ieal, 
following on with the large 
trepan, a, to the full size of 
the shaft, a guide plate; fitting 
into the hole made by the 
small trepan maintaining the 
centre and vertieality of the 
boring. TIu; debris from lh(^ small 
trepan was handled in the; usual way, 
and t hat from tlie large t repari aecAimu- 
lated in the advance lioU;, hut was 
from time to time removed by means 
of the sludging barrel suspended from 
a flat rope and we)rk(;d by the hoisting 
engine. The apparatus was the same 
iis in other boring, but on a very largci 
scale. There was tlu^ stirrup, or temper 
sertjw, and swivel and tiller; tlu; rods 
of pine SJ in. srpiare in sections and 
05 ft. long, heavily capped with iron 
and provided with male and female 
sc5rews; tlici'c was a free-fall appliance with the, 
.small U’(;paa, and a sliding joint for relieving 
shock with the larger one. 

Tlie small U’cpan wtis a massive structure of 
eu-st steel and wrouglit iron, weighing 12 ions 
and nearly 9 ft. wide, provided with el(;veti 
tnitting tf50th in the axis and four in (uieh of 
the curveS ends. The te<;th were 15 in. Jiigh 
and 8 in. to 11 in. wide, and w(;re set with their 
blades parallel to the axis of the trepan. Tlu; 
trepan was mounted in a framework of wrought- 
iron plates and oak balks 8 ft. high. 'Phe 
large trepan, also constructed of wrought -iron 
and steel, weighed 27 tons, the base being 
over 17 ft. long, more than ft. deep, and 11 in. 
thick at the centre, with twelve cutting teeth 
in its length and ten in its curved ends. There 
were no teeth at the central portion, which. 


instead, Wros provided with guide plates to lit 
in the hole made by the small trepan. The 
framework of struts, stem -piece and side guides, 
all of wrouglit iron and oak, was 12J ft. higli 
and 18 ft. widt', the wliole structure standing 
22 ft. In both trepans the- t(‘etli wiai; set lower 
at the centre than at the ends, so as to 
produce; a cutting with sloping sides, 
that enabled the debris to sliilc down 
and eolli;et at the centre, 'flu* beam 
was given llie reeif>rocating 
motion from a cylinder 40 in. 
in diameter, by a piston re- 
ceiving steam on the upper 
surface only with a stroke of 
40 in. Between each stroke a 
slight turn was given to the 
trepan by eight men in the 
boring chamber moving tlic 
l(*vers of the till(;r. The hole 
was Iini;d with continuous 
rings of tubing 4 ft. high, 
15 ft. in diameter, and vary- 
ing in tliiekriess from lA in. 
at the top to 4.J in. at the 
hot loin, and in weight from 
74 tons to I 7 .J tons each. 
4'here were 278 rings, the total 
hmgth of tubbing was 1,120 ft. 
and its weight 3,075 tons ; 
hey were bolted together by 
means of llu; llanges provided 
fort lie purpose'. A moss- bo .k 
was used in this case. This 
is a space paeki'd with moss, 
which is sqiu'c/.ed together 
wlien the tubbing comes to rest on its 
i uib, and makes a watertight joint. 

usual false; bottom and equili- 
brium lube were; emple)yed. ’^Phe;y 
enablcel the whole mass e»f tubbing 
to fle)at, anel toe)k the"' weight e)tY 
the suspesieling rods ; when the* weight 
was not sulliehent for [ujrpe)se*s of lower- 
ing, water was pumped into the; tubbing 
te) neutralise; the* eji'ee;t of the* buoyancy 
85. LoWEuiNo LiMNO of tlic wate*r outsidc. All the acee.'.ssory 
})arts we*re* renieived when the tubbing 
was once* in ])osition. Fresh rings were; 
added at the top, and the lowe'ring was 
done by means of screwvs at the te)p of the. sus- 
pending rods. Theses and thet other parts are 
shown in 85. To kei*p llu; great column of 
tubbing pe*rleetly true*, several nu n at. each sere'w 
gave a turn at e'xaetly the same; time ; the le*ast 
canting would have; given rise; te) enormous 
tremble. In one; ye*ar the; shaft w^as sunk — 
or, rather, bor(*d— 9l) ft. by this means. 9’hi» 
fiirnisbe.*.s a very goeid example; of the; magnitude 
boring operations may attain, and of the niagnili- 
c*(*nt expedi(;nts mining cngineeTs adopt to render 
vaJnal)le minerals available if cirounistances 
doinanel it. 

The Pattsburg Process of Sinking. 

Thi.s ])rocess is really a modification eif the Klnd- 
(4iau<lronSystcm. The tubbing, however, is forcetl 
down by hydraulic rams, and the shaft is bored 
in one; operation by an implement resembling 
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IN SHAFT FILLED 
WITH WATER 



4;refian, bat tke oatting blades tspe Thm Fit Bottom. f!to fidt bottom is Ibe 
«CNiiinixed right lo the centre. The cubter is posiMon ^ete the shaft toe osam, asid^wtien 

given a leciprooatiiig motion, and a slight tom cmco the shaft is down this beoomes the busiest 

between each Wow. Ihit there are one or two spot underground. All that comes down from the 

features about this process w^orth special atten- surface and all that goes to the surface has to be 

lion. First, to aid the dislodgmeni of the assembled at the pit bottom, and, in addition, 

broken material, water und(^r high pressure is water pipes, steam pipes, haulage ropes may have 

forced dowm the hollow bore rod, and issues froju to be accommodated ; moreov^a:, sumoient stand* 

holes at the bottom of the cutter blades. Tliis ing room must be arranged for a laige number of 

not only keeps the surface at the bottom frosli waggons, so that when the colliery is started the 

and free for the cutters to work against , but also proposed output may be maintained by keeping 

keeps the sediment in susp<msion, and enables it the winding operations going without interruption, 

to be dealt with by the Mammoth pump. The .arranging of tlio pit Itiottom, therefore, is a 

This eon trivancjc consists of a pipe about 6 in. matter that requires serious considoration, and 

in internal diameter extending from the ajxix of evtm though excavating underground is costly, 

the cutter to the surface, and having alongside it is advisable in a large mine to enlarge the 

another pipe If in. in diameter, dowm which air shaft at this point so as to make on each side 

at great presmre is forced. Tliis air escapes at of it a passage along which tramways may be 

the bottom into the large tube, up which it laid, in addition to those leading direct to the 

ascends, and carries w'ith it the water holding the shaft; moreover, the openings made into the 

waste material in suspension, and all sludging coal seam itself on each side of the shaft are 

operations are obviated. adv isably made largo, and arc supported by brick 

Triger Process of ShaftasinKing. arches, the brickwork of the shaft being connected 

Another process, which is quite old, dating to the arching by belling out. Some mines 

back to IHIIO, and due to the ingenuity of Mr. liavo splendid vaulted stations at the pit bot- 

Triger, consists in forcing down a cylindrical tom, that, with the excellent ligliting, recall some 

casing with cutting edge, as in the jimHHding mcdianal baronial hall. The tramlines are 

method, but keeping out the water at the l>ot- arrang<'d so that those bringing full tubs are 

tom by forcing down air. Of (!ouvst% air-tight gradtxl towards the shaft , while those? for fK)nduct- 

partitions have to be made across the top of ing empty t iibs away from the shaft' incline in the 

the cylindrical casing, which, in fact, is a caisson of)pOBite direction, and the side lines are also 

and may be compared to an inverted tumbler. iuciinedso as to allowthe empty tubs torunback 

The pressure of the air has to be equal to that of to where they arc wanted, being hel|)ed over 

the water, which makes the process unsuitable intervening up-gradionts meelianically — ^in fact, 

for great depths, unless the pressure is relieved, all these movements of the waggons toke place 

but it has been appUtni successfully to depths without the a ppU(«it ion of manual labour, except 

excee<ling 100 feet. ' where the waggons are placed in the cage by the 

Jt is a method, however, which is frequently Im'nger on or (msetter. 

employed in w'orking in river beds, for putting Cagea. For bringing the coal to the surface 
in found itiou work, andfor driving tuimclH. The cages arc employed, usually two. The ropes 

tunnel under th'T Thames at Hlackwall was drive'll from each are wound in the revfirse direction 

by a modification of the mr'thod, and tire writer round the drum of the winding engine, and pass 

had an oppoitonity of experiencing the inconve- over independr'iit pulleys in the head gear; 

nience attached to working in an atmosphere hence, as one ascenils the other descends, 

havhig a pressure of 25 lb. to a squarr* in<*h ; but TJie cages consist of one or more platforms, 

men have worked for short- periods under double called decks, supported by a steel framework ; 

that pressure?. This, however, is one factor that the decks are provided with rails ; the number 

makes the Triger method impossible for the of d(‘cks and the size of the decks depend upon 

workmen when a great pressure of water has to the size of the shaft and the quantity of work it 

be dealt with. Recently the system has been is iiittnided to wind. Guidos, either of bars of 

successfully applied in sinking two shafts at iiinhr't* or iron rails, fixed vertically, or of 

Ardoor, in Ayrshire, t)0 ft. deep. The maximum w'-cighted wirerojK^s, hung vertically in the shaft, 

air pressure used was ‘23 lb. The shafte wore sunk serve to keep the cages from swinging about or 

48 ft. apart. The traisson consisted of a steel from bumping one another when passing. Tlie 

shell J in. thick, 17 ft. 7 in. in external diameter. cages arc provided with shoos that slide over the 

The inside w as lined with brickw'^ork, w itlr con- guides. The rails on the declcs of the cage are of 

(?rete helw'i'en the brickwork and shell. The the. same gauge as the tramlines on the surface 

internal diruneler of the finished shaft was 14 ft. and underground, so that the tubs oan stand 

Regulations as to Shafts. Which- on them while the cage is traveling up or 

ever w^ay the sinking is conducted, two shafts down, but can easily be pushed off or on at 

at least must be provided to ensure proper the end of a jouraey. Small waggons are used 

ventilation. The shaft by which the fresh air because they are convenient to handle* and 

enters is known as the doioncast shaft; the one beoau.se tliey do not require such large excava- 

through which the air from the mine is oxtraoted tions as large ones would do. Wbin shafts, 

is known as film shaft. The shafts are usually guides, cage, and pit bottom are all in 

sunJenear each other, so that the surface arrange- order, or even before* the extoaction operations 

ments are oentralised. are started. 
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Franco offered to treat for a surrender of 
tho Duchy of Acquit ainc, but Henry was 
anxious for the acquisition of Nonuandy, and 
not of any southern rc^gion, and he landed 
his army on the iiorth(;rn coast, resolving to 
make an attack on Calais. His landing had just, 
tho effect that might be expected iqam a people 
like the French. The Ihirgundians and tho 
Armagnacs closed their ranks and pr(^par(*d to 
resist the foreign invaders. Htmry had only an 
army of about 30,000 men, but with this force lu^ 
captured Harfleur as a preliminary to Jiis march 
on Calais. His force was worn out and mi.ser- 
ably provided with food, and be soon found 
that directly across his line of inaTch was arrayed 
a well -conditioned, well-supplied Frc^nch army, 
amounting to at least twice the numbtTs of bis 
men. 

Agincourt. Probably the condit ions under 
which the coming battle had to b(‘ fought only 
served to arouse to its highest pitch the courage 
and resolve of the Knglish sovereign and tlio 
English soldiers. For the English had but one 
choice before them— either to accomplish a com- 
plete victory or to suffer deh'at and destruction. 
The French might prolong the contest as long as 
they felt inclined by delays, by military strat(‘gy, 
by the judicious disposal of their greatly su])crior 
numbers, and by tho coming up from they to day 
of additional French fences ; but for the Knglish 
it was all or nothing. Henry rcsolvetl to rush to 
the battle at once ; but he (rhose his ground well, 
and tho first knowlcdgf? that tho French had of 
the opening attack was convoyed to them by 
sudden showers of the barbed and winged 
weapons of Henry’s archers. 'Phe arcluTs were 
famoirs ma;stcrs of their weapons, and they in- 
flicted fearful slaughter on the yc^t unprepared 
French. But tho Frenchmc'n weii^ not to be 
easily driven from the lield. and they succeeded 
more than once in driving some of H»‘nrv’s 
archers back into the shelter of woods near at 
hand. Ev^n this did not avail them, for fla^ 
English archers still poured their shafts in upon 
the rallying Freiielu while at the sauu^ moim-ut 
Henry, with a largo body of his bi-st men-at-arms, 
made an attack on tho main rank of the French. 

A brilliant Victory. King Henry dis- 
played brilliant soldiersliip ; he was oruu'. struck 
to the ground by a heavy blow fiom a mae<% 
and had tho crown on his helmet comi)letely 
severed by a sword stroke. Hood fortune still 
aided him, however, and he was able to lea<l 
his troops until they had accomplished a com- 
plete victory, memorable to all time as tho 
battle of Agincourt. It is stated oven by careful 
hi&torians that 11,000 Frenchmen were left dead 
on the field, and that hYance lost more than 


100 of her princes and nobles among those who 
had fought in vain against tho all -conquering 
English king and bis army. Henry could not 
fellow up tliis gre^at victory with a forward 
policty. His army was so exhausted in military 
resources and even in supplies of food, and so 
dimiuislu^d in numbers that he could do nothing 
for fhe hour hut return to Calais, and thence 
cross to England. 

'rhe two states were still at war, and each was 
doing its best to hold the (ffianncl ; hut Henry 
was making preparations for a remnval of his 
enltuprisce He raised anotlua' army, composed 
of .some 40,000 soldiers, crossed tlici Channel,, 
c aptured several towns and ports, made hims(4f 
master of Lower Normandy, and laid siege to 
Rouen, then om^ of the greatest and most pros- 
perous of Freiieli cities. Rouen held out for six 
months with indomitabU; courages and persovor- 
am•(^ ; hut it had an enemy within its walls — 
more terrible evc^Ti than the English soldiers — 
wliieli threatened it, in tho shape of famine. 

Alliance Between France and 
England. Henry saw that the tinu^ had come 
to offer terms to Ins emmiies in tin* ho})e of in- 
ducing them to yield to his demands without 
furtlu-r loss to himself. Ho was favoured in this 
desire by another outbreak of hostility belwoi»n 
lh(‘ Burgundians ami thes Armugna(^s, and by the 
assassination of tht^ Duke of Burgundy -a 
tragic ineidi'ut of faction which made tho 
Burgundians ready to ally t lumisel ves with I fiMny 
to obtain n^venge upcm iheir emmiie.s. The new 
Duke of Burgundy, Philip, odend an alliance 
with Henry, anti proposed to make him Regent of 
Frances during the life of tho mad King (Uiarles, 
togivtdiim the hand of the. King’s (‘Idcst tlauglitcu* 
Catharine in marriages, and to recognise his right 
of succession to the crown of France. 

This apparently satisliiid Henry’s claims for 
his country and his ambition for himself. .\ 
treaty was concluded by which a perpetual peac e 
was to 1 m‘ estahlishetl i>etwet>ii the two nations. 
Normandy was to bc‘ part oi the* thuninions of 
England, Henry was to be the Ih'gcait of France 
and tc» stand next in suec'cssion to the throne. 
He entered Paris in splendid triumph with 
the King, who, laarig eiilirt‘ly mad, was pro>>a.hly 
Jess astonished than any oHkt spfTtntoi' of tho 
se(*ne. The treaty was solcminly eonlirmed by 
tlu^ States-Ceiieral of France in Paris. Henry’s 
military work was now reduced to that of con- 
quering rebel forces on behalf of the King of 
Frama; nominally, and of the? Burgundian party 
actually, and ho accomplished his work with tlu^ 
skill and suceoss which are for ever assoeiatcal 
with his name. But an enemy now confronted 
him against which tho skill of tin? military 
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conqueror v^aTinot prevail. A heavy aUack oi 
illness came upon him, for u^tch medicine and 
surgery could find no remedy, and ho died at 
Vincennes on August Slat, 1422. 

One of the IVorld's Great Con- 
querore. Henry V. must over be enrolled 
among the world s groat conquerors. He had 
much also of the statesman’s capacity, and even 
in his most daring enterprises his mind was 
closely engaged in studying the surrounding 
possibilities and the consequences most likely 
to follow from each stroke of policy. He was in 
his matnrer years a man of exalted pt^rsonal 
character, religious, and even devout, and a true 
friend to his friends. He was often severe and 
pitiless to his enemies, but in those days the 
quality of mercy was regarded as something to 
bo used entirely at the discretion of the (*on- 
queror. .Inditing the man and his career jvs a 
whole, Henry V. forms one of the noblest figure.s 
in the history of his country. 

Henry VI,, the only son of his dead father 
and of Catharine of France, was but a child when 
he came to the throne, and during his long 
minority his uncle, Humphrey Duke of Clou- 
ecstcr, was appointed to be Protector of the 
country, with a council formed by 1‘arliament 
for the purpose of advising and assisting him. 
If Henry VI. had been a full-grown man, and a 
man with a positive genius for the government 
of a state, he would have found it no easy task 
to manage the affairs of England during the 
trying time which saw him called to power. 
The great foivign wars which had been carried 
on had left the country heavily embarrassed. The 
struggles hetwwn the rival baronial partit'S w(*rc 
causing England to resemble a lo.nd torn up by 
(jivil war. Vehement efforts werc still made to 
suppress the Lollard movement, which contrived 
to hold its way, despite all opposing ^M>wer. 

Something like a reaction s(*t in against, the 
enlightened constitutiouJil developments of 
recent reigns, and those who had charge of t he 
state during the boy King's minority were 
agreed, if on nothing els<% on the desirability of 
making th<^ House of ('ommons as nefirly power- 
less as possible, and of preventing the vast 
majority of Englishmen from having any share 
in the election of its members. 

Joan of Arc. The war in France was still 
going on. Charles VI., the brainless king, had 
died, and the Dauphin had assumed the title of 
('Shark's VII., but his army had met with an 
almost dest ructive defeat by the English in 1424. 
Then there arose on the .scene of the great 
struggle between England and France one noble, 
heroic, saintlike figure, the like of which has not 
appeared in the world’s histoiy. The destiny of 
bVance und^rw'ent a sudden change by the 
genius, the devotion, the inspiration, of the 
Maid of Orleans, Joan of Arc. This girl was the 
child of poor, hard working parents in the village 
of Domremy, in Lorraine, and was born in 
Januaiy, 141.^. She had .spent most of her early 
girlhood ir. the woods near her home, and had 
Ikw from her earliest years filled at once with a 
st rotig religious faith, with a love for her country, 
aiid a^jiympathy with its sufferings. 


Tho struggle between England and Franco 
began to n^o its existence fdt even at Dom- 
remy. The Duke of Bedford, who had taken tho 
command of the English forces in France mi tho 
death of his brother, was, in the opinion of many 
well- qualified historians, hardly inferior to his 
dead brother in military genius and statesman- 
•ship. France seemed to have reached a profound 
crisis. The Duke of Bedford had strengthened 
his alliance with tho Dukos of Burgundy and 
Bril.lany, and he held Northern France completely 
in his power. The war had spread so far towards 
the home of Joan and her parents that morcj 
than once they had been compeiled to fly into 
the woods for safety from some of the marauding 
bands wdiicli hang upon the skirts of moving 
armies. 

A Girl at the Helm. Utter misery pre- 
vailed in the country, and some of the towns, 
suffc^ring from famine, felt compelled to close 
their gates against tho agricultural labourers who 
rushed to them in tho hope of finding shelter and 
food. During all this time of sore trouble Joan 
had devoted herself to the care of the suffering, 
and her mind was filled with a sense of tho misery 
coming over tVanoe, and a yearning for some 
int(Tposit ion from the powers above to rescue her 
native land from its acicumulating calamities. 
Suddenly there came into her mind tho memory 
of some old ])roplicoics, which foretold that when 
France should be in extremi^st danger she was 
to 1x5 r(‘scued by a young maid from the 
Lorraine region. She became convinced that she 
was the girl to whom, by the will of Heaven, this 
groat task was to he assigned. She persisted in 
saying that sho must go and see the Dauphin and 
tell him that she had a mission from Heaven to 
save France, and that he must put her in com- 
mand of an army to accomplish the celestial 
purpose. She .saw the Dauphin at Ohinon, 
succ<5eded in convincing him of licr sincerity, and 
he oven seemed to believe that in the terrihlo 
pa.ss to which the fortunes of his country hatl 
eonu5 there might well be warrant for the hope 
that Providence would intervene for the defence. 
Joan was authorised to lead a body of 6,000 men 
to the relief of t he city of Orleans, then besieged 
by an English army. The men-at-arms who 
followed increased in numbers as they continued 
th(5ir march, and before she reached Orleans sh<5 
h.ad some 10,0(X) soldiers with her. She at 
once ordered an attack upon the besiegers, who 
wc*re occupying some forts around the city. 

Joan and the Dauphin. There was now 
a strong force to assail the English, made up of 
those who had been defending Orleans from within 
and of Joan’s enthusiastic followers, and the 
English were unquestionably outnumbered. 
Despite the sudden surprise put upon them, the 
English fought with splendid oourage and deter- 
mination. Joan was wounded outsil^ one of the 
forts, but she continued to urge the attack on the 
fort, ami proclaimed that as soon as her standard 
should touch the wall her men would enter the 
fort. Her prediction proved true, and tho 
assailants carried the fort. The siege was aban- 
doned the next day, the forces after 

their hard fight withdrawing in good order. 
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' J^MSi resolved to lead hor army at once to 
Hheima;, 'Rkere the coronation of the King was 
tq take place. She had some trouble iti pre- 
vailing on the weak-apirik^l D»\^uphii\ to hasten 
onwa^ to his coronation, but her enthusiasm 
scorned capable of inspiring even the w<^akest 
nature, ana hor army incn^ased greatly in numbers 
as it advanced ujion the gates of Rh(‘ims. 
Within that city the coronation took plae(‘, and 
Joan believed that her mission was aeconii>IisluHl. 

Joan Burned at the Stake. 'Plu re 
were more battles, in which Joan l)('hav<'d with 
all her wonted bravery. Slu; was iniK^h dis- 
c.ppointed by the failun* of the King’s forces to 
recover Paris, and, feeling that she mu.st do 
something to make an impression on the enemy, 
she Jed a.s many soldi(‘rs as sJu? could ge.llu'r to 
the relief of Compiegne, then hcsicgctl by the 
Burgundiitns, and then*, while heading a gallant 
attack, she was captured and handcxl over, a 
prisoner, to the Dukt? of Burgundy, and was sold 
to her greatest eiKiiuios, the Knglish. Tlu* 
Knglish, who luvd always regarded the victories 
won by Joan as the triumphs of <li.i.holieal 
sorcery (a belief quite in accordance with tlie 
superstition of tlic; times), sent her to prisoii. 
After a year’s incarceration, she was j>nt on trial 
on a charge of lieresy and witchcraft. Joan bore 
herself tlvroughout. th(‘ trial with her character- 
islie courage and di'.votion. She was tried at 
Rouen, and cvenlually coiidemne<l as a sort'eress, 
and was doomed to death. In the inark(^t ])lac(‘ 
of that town a pile was raised. Jo;m was tied 
to the stake, a tire was lighted, and tlu^ girl was 
burned to deatJi. This was on May .‘X)th, i4JI. 
From the chiys of her l>rk*f (career the mastery (>( 
hkighi-nd over Franco was praetic'.ally at an rml. 
Tlicrc) w'cre struggles t-o retain Normandy, ther«‘. 
was an English Court established for a short time 
at Rouen, but after a while France lK*,cami^ mis- 
trc‘ss of herself and was free from fonngii 
dominion. 

The LrOSS of Normandy. Soon after 
the epoch of Jcxin of Are, that ^^ hieh was ceJh'd 
the Hundred Years War may be said to Jiave 
come to an <md. England still m^ulo effort s 
to retain some power in France, and for a time 
the efforts of the English lefulers were eon- 
centratod on still upliokliug tins claim on the 
sovereignty of Normandy. The Court of King 
Heniy was actually held for a year at Rouen, 
and a system of orderly and satisfactory govern- 
ment appears to have been <^stablislied there. 
But it was already becoming ovidemt that tin* 
claim of an Englism king to ni lership over any 
part of France could not be much longer main- 
tained ; rt-ris was recovered by the Dauphin 
of Franco in 14^h and four years after Normandy 
had to be given up, and the I'esult of the Hundi'cd 
Years War was the expulsion of the English a*-* 
rulers from every part of Franet?. England Jiad 
not, indeed, suffered much substantial loss of 
territorial power and dominion, for her rulership 
over any part of Franco had been at its highest 
point more nominal than real. France camt^ out 
of the long sUmgglo what she had never been 
before in the days of civilisation — a coiisolklated, 
united, and powerful monarchy. 


The Revolt of Jack Cade. The recent 
disastf^rs in France had arouw^d in Englaad 
a fury of indignation against tlie system of ruk^ 
w'hich had brought about such an unneee.ssaiy 
w'asto of treasure and life. There w^is a grtvit 
revolt in Keixt in 14r>0. chicHy iicKh' \ip of the 
industrial, farming, ami trading classt‘s, hut 
joined by many belonging to the higher orfle?'. 
This movement was led hy a man named .lack 
Cade, a name still rem<‘ml)(‘r(‘d in Frigli.sh hus- 
toiy. 

(Wle had in his early days esca]>cd from 
Kent, where Jxe was aeciisi'd of having murdered, 
a woman, and had tied into Fraiiee, where lu' 
took service' against the Englii^h. lb' rclurncMl 
to England, assuimsl the name' of IVlorlirncr, 
s{'t up in Kent as a physir'iau, made; for himself 
a re])utatioii, and marrie'd the daughter of a 
local stpiii<‘. He Ih'cjmiU' a lUcUi of imjxortaiioo 
in tlic county, and as thi^ discontent arising in 
that region, and through many parts of England 
a.ft<T failure' in Fraue'e', was strong among 
all clnsse's he' Ix'e'ame' tlie' le'.ide'r e)f the iiisurre'e- 
tiemary moveme nt in soullw'rn England. 

He' preMdriimesi liimse'lf ea plain eif K<‘nt, 
ma.rclie'd em Lomlon M'ith an aeuiy semie* 

.stiemg, and encanqx'd e>n Hlacklu'-ath. The*re 
ho aiiel his leading assex'iate's drew up what, they 
eaJle'el “ The^ ( 'omplaint e)f the* ( ^mirnoiis of Kent,'* 
ami iivire'he'd inte> Le melon, Thet |)urj)e)se of tlu^ 
Cenn])!'>,inl was to elem '.ml a change e)f .Ministry, 
a. .se'iic'.s e>f e'e*e)ne)mic‘l and ailminist pitivo 
refewms, the rest ora tiem of e'le'edea’al tVe'edom, 
which h'ul been greatly broken in upon in nx‘-eab 
years, and a number e)f other changes in tlm 
system of governme'ut, demands whieli se*em 
now to l>c entirely justifiable and rexisejniihlc. 

Invasion of London. Tim cemne-il set u]> 
to repre'Si'iit the Royal authority re'fnsed toe'uter- 
taiii the Ceimplaint, and there'upon Jtuk ('ade 
anel his army obtained a compU'te victe>ry over 
the Re>yal forces at JMa.e'khe‘.ath, ami act.ually 
marehed into L(mele)n, whie-h they oe'cupied for 
twe» days. The Kentish invade'rs were harsh and 
.stif'in in .-^ejme' e>f their demands, ami they ce>m- 
|M*lled the Le>rd Mayen* of Ivondon to condemm 
Lord Say, oim of the most de'lesteel among Hu' 
King's Miuiste^rs, who was exe'cuted under their 
coercion. The' (’ouncil of Ministers felt that the' 
troubk' was now Ix'ceiming se'rious. The Re^yal 
Council, however, eice-ideel upon the ])olicy of con- 
ciliat ie)ii rathe'P thnn e>f re'lalial iem. The'y ])re>rnise*el 
toree.'cive' and consider the Com])laiiil., ami e)ffere'el 
prrdons to all who had takem part in the rising 
w'ho w'ere m')w w’illing io go bae'k to th<‘ir ordin- 
ary oceu pa lions. Cade^ did his best to kc(*p his 
followers with him, l)ut Hu'y soon began to dis- 
peise, and the e‘itiz('ns of f..ondoii made^ up an 
army of their own to occtipy *Le)ndoii Bridge? 
against Uu* invaele*rs. C;wl(', failing in his ('ffort 
te) ke-ep liis men IngetJie'r, tik'd to es<?a})e, hut 
was pursued into Susse'x, «nd kilkxl on Jiily 12, 
by Alexander rden. The Royal Council did ne>t 
punish Jack Cade’s vising ; no further notice' eif 
the (’omplaint was taken, and the Duke e)f 
Somerset rt'mained the leading member ol ihe 
Council. 

Cimtin ued 
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NEW ZEALAND 

Although the splendid Colony of New Zealand 
ccuisiats of three main island'?, known os the 
North, Middle, and Stewart Islands, there arc a 
number of smaller islets which now form part 
of the country. For our purpose, the North 
and Middle Islands need only be referred to. 

A Pastoral Country. New Zealand 
proper is furnished with magnificent mountains, 
which cover about one-tenth of its surface in 
the north. There are, however, large plains 
which are not only fertile but well furnished 
with herbage, and where the land has been 
cleared sufticiently for the sowing of grasses 
(chiefly those known in Great Britain), as it has 
been to the extent of 12,000,000 acres. 'Phe 
pasturage is of a high order and s])lendidly 
adapted to the production of beef, mutton, 
and ,niilk. Now Zealand is, in a word, chiefly 
pastoral, and it is for this reason that the mutton, 
wool, and milk industries have flourished. 

In the North Island there are great o|ienings 
for agriculture proper owing to the suitability 
of the plains and valleys. The kivcl portion of 
this island includes some I .‘l.OOOjtKlO acres of 
land, a large portion of which is forest and 
swamp, which, when cleared and drained, will 
be fit for the growth of agricultural crops. T’hc 
bush land is being systematically rcduecil by 
settlers, who out the trees, burn the bush, sow 
gross seed, and create most excellent })iist.ures. 
In spite of tlic mountainous character of a large 
|X)rtion of the Middle Island, a considerable area is 
well adapted for grazing, while the valleys, in whieli 
the soil is so suitable, are certain to be ultimately 
converted by the plough into fields of grain and 
other agi’iciiltural crops. In the (Canterbury 
district alone there is a large area of Hat country 
(extending 160 miles to tlie south-west, while in 
Otiigo there arc fine plains and fertile valleys 
suit^le for the purposes of the farmer. In the 
Middle Island the land available to the agri- 
culturist roaches some 16,000,(MK) acres, of which 
18,000,000 are better atlapted to grazing than 
to tillage, after clearing and Inking sown with 
grass seeds, for the preparation of which the 
plough or any other implement of the kind is 
seldom necessary. 

Climate. As regards climate, little need be 
said. The country is known to bo mild, salubHoUvS, 
and healthy. In 1 004 the range of shiule tcm{XM*a- 
ture in Auckland varied from 01” F., which wiis 
the lowcvst maximum in July, and 79*5” F., the 
highest maximum in Februjw*y. The minimum 
temperature gave the lowest reading as 37° F. 
in July and August and 53° F. in February. 
In Welojijjton the mean temperature, extending 
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over four years, was 33° F. as a minimum and 
78° F. maximum. Again, taking the average of 
four years, we find that at Brisbane the highest 
average was 97° F. and the lowest 39° F., which 
figures may be compared with the following ; 



Degrees F. | 


Highest. 

IiOWCSt. 

Sydney, Now South VValm . . 

04 

.so 

Mtdhourne, Victoria . . 

101 

32 

Adelaide, South Australia . . 

108 

30 

Perth, West Australia 

107 

37 

Hohart, Tasmania . . 

1 

04 

33 


The estimated value of the agricultural pro- 
duce of New Zealand for the year 1902-3 was 
£18,0(K),000, while in the year 1905 the area 
covered by wheat and other cereals, and the 
yield per aero in bushels were as follow : 



Total Yleltl. 
hushel.s. 

Art*a in 
Acres. 

Average 

Yield. 

Bushels. 

Wheat .. 0,123,073 

Oats .. 14,503,011 

Jhirley .. 1,128,104 

Maize .. .. 100,406 

Rye .. .. 31,012 

268,015 

342,189 

20,484 

10,084 

1,129 

36-36 

42*63 

38*20 

8*03 

28*00 


Grasses. In October, 1904, 4,750,000 acres 
were sown witli grass und clover after }>loiighing, 
while 7,500,000 acTcs had hwm sown without 
ploughing. In addition to these areas there 
w(;re 17,000 acres of garden land, 27,000 acres 
of orchards and vines, and 52,000 acres of forest 
tree plantations. 

(^rasB seeds are extensively grown in the Colony, 
lyc grass alone covering 81,000 acre*, and yield- 
ing at the rato of 24 bushels of 20 lb. each per 
acre. Cocksfoot grass covered 39,000 acres, and 
yieldcMl 228 lb. of soc^d per acre. The grasses 
ehictly used for sowing on the land are rye grass, 
cocksfoot, timothy, alsike, red and white clover, 
and cow grass, together with a pound of rape. 
Although tobacco is grown in the (Colony, the 
industry does not progress. Apart from the 
area of sown grasses to which we have referred, 
in 1905 there were 22,500,000 acres of un- 
imjjroved land available for stock fecxling, and 
chiefly consisting of tussock, or native grass. 

The livestock in New Zealand in 1904 were 
numbered as follows : 

Horses 314,000 

Cattle 1,736,000 

Sheep 1?,280,000 

Pigs 255,000 






Hie quttntUy of nool used in aod exported 
from the Colony emoonted to 14^,000,006 lb., 
tihowing an inctease of 35,000,000 lb. since 
1001, while the number of sheepskins exported 
exoe^ed 6,000,000. 

Sheep Farming. In the same year there 
were 18,493 flocks of sheep, averaging 989 sheep 
per flock; 199 flocks comprising from 10,000 
to 20,000 head, while 104 flocks numbered more 
than 20,000. Of the entire number of sheep in 
the Colony, 9,500,000 consisted of breeding ewes. 

The total consumption of sheep, together with 
the export, exceeded 6,000,000, of which 
4,000,000 were exported in a frozen condition, 
these being taken at an average of 00 lb. a head. 
The sheep farmer possesses considerable advan- 
tages in New Zealand, owing first to the small 
cost of production of mutton, and next to the 
high perexmtogo of natural increase. The 
vaiietios bred in the North Island are chiefly 
Lincolns and Romney Marsh, while in. the Middle; 
Island the Merinos arc chi(;lly used in the 
mountainous district.s, and the Lincolns, Ijeices- 
ters and Border Leiecsters, Shroj^shirt^s, and 
South Downs on the English grass pasUires. 

Cattle arc increasing in nuinlx;r, and of the 
total in 1904 of 1,750,000, which showed an 
increase over the previous year of 143,0(M). 

550,000 were cows and heifers intcudoel for dairy 

S urposos, and 218,000 for breeding purposes, a 
istinction which is not recognised in this 
country. Sovemty-five per cent, of Nenv Zealanel 
cattle are in the North Island. 

Dairying. Towards the emd of 1904 
there wore 284 butter and olHx;se factories ami 
444 skimming stations. The production of 
butter in factories is estimated at 40, 260, (KM) 
lb. per annum, while 5,750,000 lb. is the 
estimate of production on the fanns. Each 
milking cow is Iwlieved to funiish suflieient. milk 
to produce 163 lb. of butter per annum, but 
it is believed that the producing power of the* 
cow of the country is 200 lb. of butte*r or 
500 lb. of cheese. Tlie output of butter by 
the factories is placed at 20,000 tons, against 
14,(X)0 tons in 1902. 

Of the 314,000 horses in the Colony (15,000 
more than in the previous year), 98,000 were 
mares over two years old, while 33, (XM) w«*re 
mares in foal or with foals, 8,000 of the total 
number being thoroughbreds, 14,000 j)onies, and 

118,000 draught horses. 

Coming to swine, wc find that of the 25.'>,()(M) 
which formed the total head, 37,000 were sows 
over a year old and kept for breeding purposes, 
while 9,000 were sow^s under one year, and also 
intended for I’eproduction. 

Acreage. The lands occupied by settlers 
comprised 30,500,000 acres, or 35.000 acres 
more than in the previous year. Ten years 
ago there were, in all, 46,000 holdings of over 
on© acre in extent. In 1904-5 the numlxjr had 
increased to 68,000, of which 19,000 wore under 
ten acres, and 11,000 over 10 and under .50 
acres. Holdings of a large size, 20,000 to 50,000 
acres, numbered 177, and those over 50,000 acres 
96 ; these 96 farms, however, covered over 
9,000,000 acres, v^ile the 177 farms covered 


5,000,000 acres more. It is curious that 
while farms of from one aore to 100 acres formed 
56 per o^t. of the total number, when tiu* 
area is increased to 320 acres, the percentage* 
is, roundly H^x^aking, 80. Dealing wiiii the 
total area of 3(5, (XK), 000 acres, w'c find that 

16,250,000 acres are freehold, 3,500, (KK) acres 
leased from private persons or public bodies, 
1,(500,000 acres leased from natives, and nearly 
15,(KX),000 acres held under the Crown. In 
the North Island the occupied holdings rear*h 
.37,000, while those in the Middle Island 
number only 31,000. 

Land for Settlers. A great work has 
Ixjon accomplished by the Uovernment of 
New’ Zealand in (lu; provision of land for settlers 
upon terms which are within the reach of all. 
Laws have been passed lor the administration 
of Crown lands, and for their sale and occupa- 
tion to tenants, wMth great success. Among the 
chief features of the existing sy-stem are State 
Ownership and l\*rix)tual Tenancy with fixity 
of tenure, which is practically cquivahaii to 
freehold possession. A lessees for example, 
having nuxdeiinprovc;ments, is as secure as though 
the pro]K‘rty were his own. Tlie I^and Act of 
1892 jirovidoH feu* the oeeu[»ation of settlers' 
holdings of 040 acres of firsl-elass land or 2.(MX» 
acres of land of the second class, although there 
are eerbiiii limitations. Crazing lands of the 
first class arc; also provided, but may not exceed 
5, (KM) acres ; such lands, how’cver, as are of the 
second class may reach 20,000 acres. Generally 
8|)eaking, land which is open for selection by 
settlers is offered under three forms of tenure: 

1. A payment of one- fifth of the purchase* 
money dowm, and the balance within 30 days, 
the title, however, not being given until c^;rtain 
improvements have been eftcoUd. 

2. A lease; with a purcihase clause at a rental 
of five per cent, on the value ; this covers a 
period of 25 years, and conveys the right to 
purchase at the original price at the end of ten 
years, or the lease may be held in per}>etuity. 

3. A lease in ])erpctuity at a rental of four 
per cent, of the value. 

Leases. Crown lands may be obtained by 
auction after survey, as showm under elnusi* 
1 above, or by application. Where land is 
acepured by lease, with the option of purchtise, 
improvemi'iits must, be made by the applicant, 
who must reside; on the property. When; land is 
leased in perpetuity, or for 999 yt'ars, there are 
also conditions as to n'sideneeand improvem(;nts, 
but no right t(^ purrhase at any time. Where 
a settler takes bush or swamp land, ho must 
take up his residence* within four years ; and in 
ojK n or partly open land within one year. Resi- 
dence must be continuous for six years, or for ton 
years in the f*asc of land taken on a fKirpctual 
ieuse. Residence implies the construction of 
a homo, which must be approved. 

Improvements chiefly consist in reclamation, 
clearing, planting, fencing, draining, road- 
making, well-sinking; and embankmenta, and the 
improvement of the soil and the erection of 
buildings on lands of which the freehold is 
purcliascd. Improvements must be effected 
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to ihe value of £1 per acre on first-olass land, 
and 10s. on second-class, within seven years, 
whereas land held on lease with the right of pur- 
chase or in perpetuity must bo improved to the 
extent of 10 per cent, of the value within a year 
from the date of the license or lease ; 10 per cent, 
in addition must be made within two years, and 
within six years there must be another 10 per cent, 
added, so that money must be spent in this way 
to the extent of 30 pc^r cent, within six years. 

Reclamation. The law relating to bush 
and swamp land deals with land of three cla.ss(‘s : 
1. Heavy bush land; 2. Light bush or swamp 
land; 3. Scrub land. Aftesr paying his first 
year’s rent the settlor on heavy bush land is 
exempt from paying further rent for four years ; 
on light bush land or swamp he is exempt for 
three years from both rent and raters ; on scrub 
lands, however, exemption extends to two years 
from rent and rates. On the swamp lands 
there need be no residence for the first five years. 

There is a small farm association system 
under anoth(»r law which j)rovides that where 
a oommunity of not less than 12 persons are 
associated tney can, with tht? approval of the 
Minister, select land up to 11,000 acres in area. 
Iliere must, however, be one settler to each 
lot of 200 acres, although no settler can hold 
more than 320 acres of land, which is held imdf‘r 
a perpetual lease. 

The Government is empowered to purchase 
estates from time to time, which, comprising 
some of the best land in New Zealand, and hav- 
ing been in private hands and oeeu])ied only by 
servants, is subsequently divided into small 
farms, and let on i)erpetual leases at a 5 per 
cent, rental, preference being given to p(u*sons 
without land, and help provid<‘d by advances of 
money under well advised conditions. 

Three Classes of Crown Lands. Oown 
hmdsare divided into thre(?clas.s(\s — fhost^ in towns 
and villages with upset prices of not less t,han 
£2 and £3 per a<.TC, and which are sold by 
auction; those known tus suburban lands, sold 
by auction at not less than £2 per acre; and 
rural lands, sold at not less than £l per acre of 
the first class, and 5s. jk*t otwe for the second 
(*laas. Tliesc lands are both sold and leased by 
auction or on application. 

On land known as Improved Ftwra Kettlemenis 
blocks of 10 to 200 acr(*s art? provided. Tlie 
Government contracts with the. settler to clear 
and BOW witli grass seed up to 100 acres at its 
cost, and may advance £10 to a single man 
and £30 to a married man to help him to i)uild his 
house. In such oases the land is lea.sed for 
990 years at a rent of 4 per cent, of the un- 
improved value, plus the cost t)f clearing and 
sowing. The settler must reside on the land 
during tlic first ten years. 

Wliat are known os Village Settlements are 
sold under other regulations. They in<;lude allot- 
ments of an acre, costing no less Uuxn £3 each, 
and homesteads of not more than 100 aeres, 
whicli are let on perpetual lease at a 4 per 
cent, rental on the cajrital value of not less 
than lOs. per acre. 

3468 


In the case of grazing runs, to which we have 
already referred, the rental is not less than 
per cent, on the oapital value per acre of nob 
less than 5s. per acre. These runs are leased for 
21 years, with rights of renewal for a further 
21 years at a rent of 2J per cent, on the then 
value of the land. 

Rims in the pastoral country are let by auc- 
tion on terms not exceeding 21 years, and, with 
exceptions, must not be of larger extent than 
will carry 4,000 head of cattle or 20,000 sheep. 

Advances to Settlers. Advances to 
settlers are made on first mortgages of lands 
and improvements held under various systems 
of itmuro ; these mortgages arc granted either 
on the fixed loan or instalment systems in 
sums of from £25 to £3,000 on freehold lands. 
Advances may he made on three -fifths of the 
value, or up to two- thirds in the case of first- 
class freeholds. On lefisoholds loans are 
restricted to half of the value of the lessee’s 
interest, but only on the instalment system. 
Where a loan is granted on the fixed loan system 
it must not exceed ten years, the interest being 
at t he rate of 4 A per cent, if paid within 14 
after it is due. Under the instalment system 
the loans are repayable in 73 half-yearly 
payments of principal and interi^st combined, 
with inton'st at 4.J per cent, if paid within 14 
days aftiM* they are due. The half-yearly in- 
stalments aie at the rate of 3 per cent, in 
cases of jirompt payment for every £100 ad- 
vanced. 

Education is free, but compulsory between 
thc‘ agi^s of 7 and 11 years, elementary science 
being included in the cuiTiculum. There is an 
agricultural colh^go at (-auterbury, well en- 
dowed, and provided with an excellent experi- 
m<mt farm. ScH'oiidary schools and district 
high schools are numerous, and scholarships 
are provid<id to assist young ijcoplo of all 
classes to proceed to highc^r education. 

TASMANIA 

Tasmania, with its 50 odd islands, covers 
17,000,000 acr(^s, of which about 5,000,000 have 
been sold or giantcd to the occupiers by tho 
Oown, which rc^tains 12,000,000 acres, some 
of which are on lease to si^ttlors, who use them 
for running sloi.k and for other purposes. Sheep 
runs, however, are limited, both in size and 
niimbc;r, and cannot compare with those on the 
mainland. Tasnumia is rich in valleys and 
plains, many of which are well furnished with 
timber, wliilc running streams abound to tho 
great advantage of tho country, which in some 
parts is mountainous, tho highest range reaching 
to 5,(X)0 ft. in height. The richest soil is found 
in the north-west, but is to a large extent too 
heavily timbered for agricultural purposes 
until it has been cleared. The climate, warmer 
than England in winter, is somewhat hotter 
in summer ; but tho heat is regarded as less 
severe than on the Australian continent. In 
the interior of the oountrj^ tho rainfall averages 
about 18 in. to 21 in. ; m the south 40 m. is 
reached ; and in the east 27 in. The summer 
season commences with December. At the end 



of 19(H the OB^imated poimlatioii was ld0»000» 
or 8,000 moco than at the oetisus in 1901. 

CrO|»a* Both climate and soil are suitable 
to the cereals and hruits grown in England, 
and to the lai^ variety of other trees and plants 
which are known in this country, as well as to 
those vHKich are indigenous to Tasmania. 
Owing to the groat warmth, crops gi*ow more 
rapidly, and altho^igh phosphatic manures aro 
being employed, the farmers follow no regular 
system either of manuring or rotation, with 
the result that the yield of crops is smaller than 
in the old country. The prodiioo of the chief 
crops grown in some typical years w as as follows : 


j Oroi>». 


Year. 

Wheat . . 


4U,4 14 

lOt.3-4 

Oats . . 




Barley . • 


8,CK4 

•» 

Peas 



lOUl 

Turnips 


4,:ui 

,, 

Potatoes 


29,100 

1 0o:t-4 

Hops 



,, 

Qardoiw and orchards 

1.4,231 

loot 

Total laud under crops 

250, «H 

19r,3-4 


On the basis of ten yt^ars, wheat has profluccd 
15 to 27 bushels per acre ; oats, 22 to 38 bushels ; 
barley, 13 to 32 bushels ; and peas, which aro 
grown on a small scale, 14 to 23 bushels ; whilo 
hops have yielded from 1,400 to 1,900 lb. 
per acre. Potatoes, turnips, mangels, oairols, 
onions, and similar crops aro grown, but in all 
cases the yield is smaller than in England. 
The grass area is increasing, the yield of hay 
averaging from 1 to 1.J tons per acre ; in all, 
there aro .340,000 acres sown to grass. 

Fruit-growing and Dairying, With 
regard to fruit, and especially the apple, 
for which Tasmania is famous, many varieties 
aro grown with success. Most of tho orchards 
aro in the south of the island, tho crops being 
chictly sent to the London market. Tho fruit 
grower needs more capital than tho settler 
on a farm. Apple land costs £80 per acre to 
prepare, including £J15 for the land, £20 for re- 
moval of timber, £12 for clearing the stones, 
and £13 for planting. As some years cla])!!o 
before any substantial return is obtained, it is 
pointed out that about £130 per iKU-e is spent 
before the trees reach tho age of six years, after 
which the profits are correspondingly lai-ge. 

Dairy farming is progressing, although both 
butter and cheese are still inifiorted. Both 
climate and soil are suited to the production 
of milk, and there are butter faCiOrios and 
creameries, some of which arc w^orked side by 
side with bacon factories, mcr-tly run on co- 
operative lines. 

Wages. Farm labourers, including plough- 
men, obtain from 408. to 60s. per month, in- 
cluding liberal board ; while sheop-8hearer.s 
obtain 11s. to ISs. ; and shepherds from 30s. 
to 50 b., including board and lodging. 

Intending farmers are strongly advised to 
gain experience in tho country before investing 
their capital, and this romcCrk applies not only 
to the work of the farm but to the purchase of 
land. Although, as we shall show, land can bo 


obtained from the Crown, it will be found a 
wiser plan, with the aid of experience, and after 
careful examination of the country, to buy 
wcll-sclected land from private o^vno^s, tho 
cost of clearing Crowm land being considerable. 
Some of tho most useful gra/.ing land is found 
in tho north-w'est, north-east, midland, and 
south-east districts of the country, and in 
most cases stock can bo left out of doors during 
the whole y(^r. 

In 1904, the number of cattle in tho island 
numbered 186.000, ilieso being chiefly Devons 
and llcrcfords. Tlicro w'orc 36, (KK) horses, 
57,000 head of swine, and over I ,,500,000 sheep, 
chiefly Merinos, Liuccsters, Shi'opshiros, and 
Lincolns. In 19f)3, the quantity of W'ool ex- 
porteil was valued at £173,000. 

The values of the chief exports of produce 


in 1903 were : 

£ £ 
Kniit.s .. .. :U):<,iM )0 ()Mts .. 00,000 

VV(M*l .. .. 174,000 Shrop ,, .. 2t,00(» 

H ides and Skins 10S>,000 tlorsea ,, ,, 0,000 

Hops .. .. 42.000 Wheat. .. .. 4,000 

Potatoes . . 2.44.000 


The setil(‘r will tiiul, (contrary to the practice 
in some othci colouic's, that th(M*o is both Tnoornt^ 
Tax and Land 1'ax, although neither may 
trouble him for some time. There is a Oovorn- 
mont Farm, near Hobart, wdierc advice can l>e 
obtained by agricultural colonists. 

Cost of Land. Cleared land of tho first 
class costs, with the buildings erected, from 
£16 to £15 per acre. The area usually covers 
from 200 to 300 a<Tes, whil<^ the capital n^pared 
by the occupier is about £3 per acre ; similar 
land may be rented up to 20s. p(T acre. " Farms 
of the second class cost £6 to £10 per acre to 
piir<*hase, and £2 10s. per aero to work, but may 
bo r« uted at 7s. (kl. per iiore. Tiu' cost of clear- 
ing land not hitherlo under cultivation is £5 
per acre, but xiartially cleared farms cost from 
£l to £2 l<*ss. Crown lands wliich aro partially 
cleared cost 15s. to 35s. per acre to cl(^a^ ; but 
liidore the plough can be usc'fl £20 to £30 may 
bo expended. Tho (/rown lands include (1) 
town lands and (2) rural lands — the lalHu* being 
divided into first-class and s<»cond-<-lavSH agricul- 
tural land. A scttl(*r of IS years of age may 
piirehasc, if he intends to reside on and improve 
the prop(‘rty. Farms of 15 to 22 acres of first 
class cost 20s. per acre, payable in 14 years, but 
one-third of the price is added for credit ; 
the sum of £3 6s. 8d. is paid on signing tho 
agri'cmient, and the balance by annual instal- 
ments. Second class land costs 10s., and third- 
chiss costs 5s. per ju re ; for larger areas one- 
third is added in ea(d\ ease, and the instalment 
system is similarly adopted. Homesteads may 
be purchased at 2()s. an aero, but tho buyer 
must reside on the land for five yearr., and 
improve it to the value of £l per acre ; in all 
cases the buyer pays tho survey fee. Land for 
gra'/ing purposes is loosed by auction up to 14 
years at the annual upset rote of 5s. per 100 acres. 
Tasmania is more conservative than larger 
colonies, owing perhaps to its smaller size and 
the prosperity wnich is practically ensured. 
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THE BEST BOOKS ON FARMING 
Agriculture 

“ Account of Hotliainstoil ExporiinentB.*’ 

By A. D. llnll, M.A. (Murray. l()s. <id.) 

Deald with the ex])erinieiits of the late Sir 
Jolin Lawcs and Sir Joseph Gilbert, diseiissinjij 
their purpose and results, 'rhe work is int(;nded 
4is an aid to all engaged in the management of 
land, to the agricultural student — who Avill 
find explanations of the various statements 
and conclusions which he reads in textbooks — 
ajid to th<^ agricultural teacher and expert, 
for whom it jirovides much hitherto impubli.shed 
matter eonc(*rning tlu^ working of these great 
piorie(*rs. 

“ Stepliens’ Book of the Farm.” Six vols. EdiU'd 
by Jaiiioa Mncdoruild. (Blarkwood. Die. 1 aud 2. 
UlB. (kl. each.) 

Details the labours of the farmer, the farm 
steward, and tlu? various workmen engaged on 
the farm. There is no braneh i)f agriculture 
which is not well discuHs<?d. AVell ilhutrated. 

“ Th(' Foedinp of Animala.” By W. Jl. .Jordan. 
(Muoiiiillan. <is.) 

Deals with the conditions and prohUuns in- 
volved in the hioding of animals, showing also 
the relationship between plant and animal life. 

‘‘ The Filcmenis of Dairy Fannin^;.” By James 
Long. (Collins. 2s.) 

Deals with British dairy cattle, their manage- 
ment and fe(^ding ; witJi foods used in milk 
production ; with milk, its testing analysis and 
commerce; with cream, butter, and ch(*ese- 
making in principle and practice. 

” The ElcTnents of Aj/ricuiturc.” By W. Freain, 
LL.D. '(Murray. .‘Is. Hd. ami 2 k, tJd.) 

Produced under tlie direction of a commit t<'e 
of the Royal Agricultural Society, and dividend 
into three jiarts : '^Plie Soil, the Plant, and the 
Animal. 

“ The J3rt*oding Jiidu.slry ; B.s Valuo to tlio 
Country and its Nofuls.” By Walter M.A. 

(Cambridge ITnivcraity J’rosM. 2 -h. <id, tu t.) 

Deals with the value of the breeding of 
stock, and the need of the work retpiired for 
its advancement. 

” The l^ioncors and I’rogres.s of English Farming.” 
By Roland Protboroe. (Longmans. 5.s.) 

Distmsscs questions relating to science and 
practice, agricultural depression, peasant jiro- 
prictors, the distribution of land, bindlords, 
local taxation, and agricultural labourers. In 
the appendix much information is atlorded in 
relation to the Corn Laws, statistics, and local 
taxation, 

” The Agritfiiltural Note Book.” By Prinirt»s(' 
McConnell. (Crosby Loekwood. <’h. ) 

Oramnuid with information, for indeed it is 
a book of agricultural facts and tigures relating 
to mensuration and levelling, weight^i and 
measures, machinery and buildings, Ial3our, 
soils, manures, crops, stock and their food, 
dairying, fores.try, and horticulture. 

” Tho (Small Farm.” By James Long. (Smith, 

Elder. %s.) 

In this work a plan is sketched for the instruc- 
tion and assistance of the small holder of land, 
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who is showm how and under what conditions 
liv<3stock can Iw bred and fed with profit ; and 
how a small area of land can be cultivated with 
farm and garden crops to the best advantage. 
The work is the result of practical experience. 

“ Modern HomoKLoiulK.” By Samuel Taylor, F.S.I. 
(Tlic “ [..and Agents’ Record,” Ltd. iTs. del. net.) 

A practical treatise on the designing of farm 
buildings, houses, and cottages for farm labourers 
for holdings varying from three to 300 acres. 

“ Hints to Young Valuers.” By Anthony R. 
Cragg, F.CLS.. and J. R. Macdonald, M.A. (The 
“ Laml Agents’ Reoord,” Ltd. 20s. net.) 

A most indi.sponsable aitl to tho farmer and 
land valuer. It is crowded with information 
of the liighest importance to landlords and 
tenant farmers. 

” Agricultural Botany, Thconitical and Practical.** 
By John Pcrcival, M.A. (Duckworth. 7a. Ud.) 

* One of the best hooks dealing with the anatomy 
and physiology of plants. Gives the olassitica- 
tion and special botany of farm crops, the 
weeds of the farm, and farm seeds. 

“ Perriumi'iit ami Temporally Pastures.** By 
Martin Sutton. (Hamilton Atlanis. Is.) 

A classic by the head of the great Reading 
seed firm, to whom w(? are indebted for several 
valuable illustrations. 

“ yho Ft'vtility of the Land.” By J. P. Roberts. 
(Macmillan, fw.) 

“ Ensilage in AnuTiea.” By J. E. T. Rogers. 
(Sonneiischein. Js. (id. and Is.) 

Agrieidture h»r Wi'lsh Farmers.” By D. D. 
Williams. (“ Welsli (.Jaz'*tle,” Aberystwyth. 7s. Od.) 

” .Advuncctl Agriculture.” By H. J. Webb. 
(Longmans. 7s. t'd.) 

“ Agi*ieulture : Practical ami Scientific.’* By 
James Mnir. (Mmuiiillnn. 48. 6d.) 

“Silos for Forage Crops.” (“Field” Office. 48. 
and tis.) 

“ The Priuci])les of Agrieultnral Practice'.” By 
I’rof. Wriglitsou. (Chapman. As.) 

“Agricultural E\|)eriim‘nts.” By Dr. William 
Seam'rville. (Reiel, Newcastle'.) 

“ Fallow aiKl Fodde'r Crops.” By Prof. Wrightson. 6s. 
“ The' T’otalo in Fie*]d aiiel Oarden.” By W. J. 
Malde'n. (“ Mark Lane Expre-s-e.” Js. t>d.) 

“ The Business Side* of Agrieullure*.” By A. G. 
R.oger.s. (Methuen. 2s. (id.) 

“ Principles of Agriculture'.” By L. H. Bailey. 
(Macmillan. 48. ttd.) 

“ Irrigatiem and Drainage.” By F. H. King. 
(Maeinillan. (is.) 

“ The Pt'i'ploxe'd Fa.rm('r.” By Gee)rges Villo and 
Sir Win. Croeekes. (Longmans. .Hs.) 

“The Soil.” By A. J_). Hall. (Murray. 3k. 6d.) 
“ Tillage* and Implements.” By W. J. Malden, 
(Bell. 2 h. (id.) 

“ Coiive'r.sion of .Arable Land intei Pasture.” By 
W. J. Maklen. (Kegan, Paul. 3s. Hd.) 

“ Food fell* Crops and How to Apply It.** By 
C. M. Aikrnan. (Vinton. 2.s.) 

“ He>w’ 1 Miinaged My Estate.” (Bell. 2s. (id.) 

“ Our Farm Crops.” By John Wilson. (Blackio. 
2 Vo!s. Os. (id. each.) 

“ Heiw' te> Farm Profitably.” By J J. Mechi. 
(Rout ledge. Is. (Id.) 

“ Farm (Vops.” Bv Professor Wrightson. (Cassell. 
2 h. dd.) 

“ Profitsiblo Home Farming.” By Yeoman. 
((Hissell. Is. Gd.) 

“ Revival of English Agriculture.’* By P. Andcr- 

Hoii Graham. (Jurrold. .3s. Gd.) 

” Farming.” By W. M. Totld. (Dent. 78. Gd.) 

“ I’he Farmstead.*’ By Prof. T. P. Roberts. 
(Mnemillan. 48. Gd.) 



•* Farm Building^.** By W. J. Maldon. (Kagan, 
Paul. 5fli) 

“ Elements of Agrioultstral Law.’’ Bj' A. Pearoe 
Higgins. (Vinton. 3s. 6d.) 

“ Farm Valuations.** By I^lie Wood. (The 
** Estates Gazette ’* Office. 4s.) 

“ Young Estate Managers Guido.** By R. 
Henderson. (Blackwood, fis.) 

“ Bacon and Ham Ouring.” By L. M. Douglas. 
(38. 6d.) 

“ Principles of Land and Estate Manngoineiit.’* 
By H. H. Smith. (Arnold. 16a.) 

“ Landlords and Allotments.” By the Earl of 
Onslow. (Longmans. 2s, 6d.) 

“Plant Breeding.” ByL. H. Bailey. (Maemillun. 4a.) 

“ The Fanners’ Friends and Foes.” By Theodore 
Wood. (Sonnenschein. 3s. 6d.) 

Ha^tdbooks of the Farm. *• Livestock,” by 
Various Authors. “ Tlie Crops of tke Farm,” by 
Various Authors. “ The Soil,” by Prof. Scott and .1. C. 
Morton. “ Plant Life,” by Maxwell Masters, F.H.S. 

“ The Equipment,” by Varioiia x\uthors. ” The 
Dairy,” by James Long and J. C. Morbni. ” Arnmal 
Life,” by Sir George Brown. “ Lalxair.” by .j. 0. 
Morton. ” The Workman’s Technical Instructor,” 
by W. J. Malden. (Vinton. 2s. Cul. each.) 

Livestock 

Our Friend the Horse.” By F. T. Burton. 
(Dean. 68.) 

Defils with almost all the British breeds of 
horses and a number of foreign varieties, as 
well as the ass and the mule. (bnLaihs ehapters 
upon the rudimentary anatomy of the horse, 
its formation and teeth ; subsequently dealing 
with stables, feeding, horsemanship and train- 
ing, and the treatment of horses in aetddents. 

“ Tlio Thoroughbred and Other Ponies.” By Sir 
Walter Gilbey, Bart. (Vinton, rm,) 

Deals with ponies past; and present, together 
with a discussion of the racehorse and its grow th 
since 1700. 

” The Harness Horse.” By Sir Walter Gilbey, 
Bart. (Vinton. 2 h.) 

Describes the various types of horse used 
in harness. Deals with the question of the 
supply of English brei^ding stock to foreign 
Iniyers and of our purchases from abroad. 
Discu.sses the question of the cncounigcment 
of breeding carriage horses, how we have failed, 
and how foreignc?rs have succeeded. 

“ ^Dio Book of the Pig.” By James Long. (XTpeott 
Gill. 68.) 

Deals at length with the science and practice 
of breeding, feeding, .and management; the 
constTOCtion of piggeries and sties ; the inlliience 
of food in the production of weight ; tlu5 
diseases of swine ; the curing of bat^on and 
hams, and preparation of pig meat foods of 
various kinds. 

” Horses and Stables.” By Mujor-Oonoral Sir 
FrederidK Fltzwygram. (Longmans. 5s.) 

“ Simp : Thoir Breeds and Maiiagiunenfc.” By 
Prof. Wrightson. (Vinton. .‘Is. Od.) 

“ Light Horses : Their Breeds and Maimgemont.” 
By W. C. Blew, M. A., W. Soarth Dixon, Dr. Georgo 
Fleming, C.B., and V. Shaw, B.A. (Vint.ni. 3s. 6d.) 

” Heavy Horses ; Their Breeds and Management.” 
By Herman Biddoll, C. Douglas, T. Dykes, 

Dr. Fleming, C.B., Archibald Macneilage, Gilbert 
Murray and W. Trotter. (Vinton. 3s. 6d.) 

** Cattle t Their Breeds and Managf'mont.” By 
WilHam Housman and Prof. Wortlcy Axe. 

3s. «d.) ^ 

” Slieep : Their Breeds and Management. By 
Wrightson. (Vinton. 3s. 6d.) 

Farming 


** Rational Pig Keeping.” By W. J. Malden. 
(^* Fa^, Field, and Fir<?side ” Office. Is.) 

” Livestock.” By Prof. Wrighteon. (Cnsso#. 2s. 6d.) 
“ Sheep Raising and Sheep HtTding.” By W. J. 
Malden. (Upcott Gill. 38. i d.) 

“ Histtn-y of the Devon BroLHi.” Edited by James 
Sinclair. (Vinton. lOs. 6d.) 

“ Farm Livestock of Great Britain.” By Prof. 
Wallace. (Crosby Lockwood. 12s. (id.) 

“ Pig Keeping.” By W. J. Malden. (Kegan. 
Paul. 3s. 6(1.) 

” The Sheep.” By George Armitngo. (Warren.) 

Diseases of Stock and Crops 

” A Treatise on the Diseases of the Ox.” By 
J. H. Steel, M.R.C.V.S. (Longmans. 1.5s.) 

This work treats of bovine' jjathology, aufl is 
especially intended for the use of veterinary 
piwditioners and .studc'nts. 

*‘ Animals of the Farm in Bealth and Disease.” 
By Prof. Brown, C.B. (Murray. Is.) 

In this valuable little work tbero arc no less 
than 52 illustrations, all of which are of grtmt 
use to the slotik owner, and for the reproduc- 
tion of one of w'hieh in our ow'n text wo are 
indebted to the Royal Agrieultural Society. 

“ Farm Insr-cts.” By Dr. Wm. Somerville, of the 
Board of Agrieulturc. Is. 

A most valuable elementary work of great 
help to students. 

“ Injurious Inse(5t.3.’* By EloaiK»r Orinerod. 
(Sonnenschein. .5 m.) 

“ Farm Vermin.” P>y J. Watson. (B-ider. 2s. 6d.) 
” l)iseus(‘s «)f Cat He.” By Prof. Wortlcy Axe. 
(V'inion. 3 h. 6(1.) 

” The Diseasi^s of Sh(‘cp.” By J. H. Steel. (Long- 
inans. 12s.) 

” Tli(' Slu^ep Doctor.” By G. Arrnitago, (Warron. 
Kjs. 6d.) 

“ Diseases of tho Pig.” By Prof. Wortley Axo. 
(Vinton. 3s. (id.) 

” Diseas(?H of Plants.” By Pr<^f. Marshall Ward. 
(Mnemillan. 7s. (id.) 

‘‘ 'rimher, and Some of its Dis(^as(.*s.” By Prof, 
Marshall VV'ard. (Mne.millnn. 6s.) 

” I’he Farmc'rs* Veterinary Guide.” By G. H. C. 
Wright, LL.D. (” Farming World,” Edinburgh.) 

Manuring and Chemistry of the Farm 

“ The Chemislrv of the Farm.” Bv B. Warington. 
M.A., F.R.S. (Vinton. 2s. 6rl.) 

Deals Avilh the grow'th of jdanls, with t'h(; 
atniosplicrc and the soil, manures, crops and 
their rotations, animal nutrition, foods, th(^ 
relation of food to animal requirements and to 
manure ; and, lastly, with the chemistry of 
the dairy. 

'^‘Artificial Manures: Their Chemical Selr'Clidu 
and Seientitie Applicat ion to Agricaillure.” Ti’ans. 
latod and Edit(‘d by Sir W. Crookt's, F.K.S. 
(L(»ngiiiuns. 2 Is.) 

'Phis work, written by tlu^ famous Fnmeli 
scientist, (Icorges Ville, df*als wdth his great 
theory of intense cultivation. 

” Agricultural (’llen)i^'lrv.” By K. If. Adie and 
T. B. Wood. (Kegan. 2 V^))h. 3m. Hd. eacli, net.) 

” Fertilisc^rs and Feeding Stuffs.” By Dr. Bernard 
Dyer. (Crosby Loekwoo(i. Is.) 

Soils and Manures.” By J. If. Munro, D.Se. 
(Casscdl. 2s. 6d.) 

” Manures and the Principles of Manuring.” By 
0. M. Aikman. (Blackwood, (’s. (;d.) 

” Fertilis 'rs.” l^y Prof. K. Voo.rheos, (Mae- 
millan. 4e. 6d.) 

” Introduction to the Chemistry of Famving.” By 
Sir T. Dyke Aclaiid. (Siinpkin, Marshall. 2s. 6d.) 
concluded 
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UNDERCLOTHING 

Cutting Out and Drafting of Various Patterns of Chemises, 
Cycling Knickers and Divided Skirts. Combinations 


By AZELINE LEWIS 


VJ^E now proceed with the cutting out of 
^ the garment firat in request. In 26, 
five shapes of chemise are illustrated : {a) The 
“ grandmother,” or “ working woman’s che- 
mise,” which is liked hy many for its simplicity of 
cut ; (6) the ordinary shapt? ; (r) the Princess 
8haj)e, esjx^cially suited to stout figures ; {d) 
the French pattern, also adapted to stout figures, 
and forming chemise and f)etii- 
coat if wished ; (f ) the Empire 
pattern for <wi‘ning wear. 

When miaisuring for , che- 
mises, the length is usually 
taken from shoulder to kiuH'. 

The width may be. from thrt'c- 
quarters to seven-eighths of 
the lengtli ; but for this no 
hard-and'fast rule can be 
given, as v(‘ry stout or very 
slight figun's may requir<5 a 
little adapting to tlu'ir special 
needs. 

Chemises. To cut, fold 
over the material, which we will 
presume to be 3fi*in. calico, to 
the length required. Fold this 
in half lengthways, then mark 
the middle of this as at E and 
F [26]. Mark off from A to O 
three-quarters of the folded 
width, or one- quarter of entire 
chest measure, and slope t his olT to E, and thence 
to H. This sloped pi(;ee is lulded to the lower 
portion, from F to D, to give the additional 
width required. If the wid(‘r makes of calico 
he employtid, this addition is 
not required, and the shouldiT 
can be sloped down to the 
edge of the material. 

For the neck, mark 1 t^ne- 
eighth of entire length, and 
slope up to J. iSlopi' .uit for 
hack the same, making tliis 
1 in. higher. Mark, hut do 
not cut till the chemise has 
been opened out, or tlu' tuo 
sides may he cut alik<*. It 
would he right, however, if 
the back only were cut and 
the front sloped out after- 
wards. 

The sleeve is a straight strip 
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off onc-quartcr of length, then fold over comer- 
wise, and make the other side exactly the same 
length [26&]. 

About 2.J yd. of material are required. To 
make this chemise, seam on the gored piece, 
unite .sides by a run-and-fell seam, and hem the 
lower edge. The neck will require an opening 
5 in. or 6 in. in length in centre-front, which should 
be tinished off with a mitred 
wrap on the right side and a 
liem on the under edge [25]. 
'I’he neck i)art is gathered in 
the front and back, about 
4 in. either side of centre in 
(Mcli case, and inserted into a 
narrow band which, if of 
material, must be cut selv- 
cdgi'ways ; but this may 
he formed of insertion if 
pi*(‘ferred. 

For the sloovo, sew one side 
of gusset to lower edge, level 
with long edge ; then fold it 
triangularly, and sew the other 
etlge to the lower edge of 
tlie sleeve [26(t]. The gusset 
edges should bti secured to 
sleeve by a run-and-fell seam. 

.Another sleeve may be cut tis 
(e) in diagram 26. For this, 
take a square of paper t?qnal to 
one-quarter of tlu* length measurement, and fold 
eormaways, making the sleeve from A to B the 
width preferred on the shoulder, as this is quite 
a matter of taste, some liking deeper sleeves than 
otliers. C to ]) should bo 1 in. 
to 1 J in. wider than from A to 
B, and is sloped out to this. 
The sleeve may be made w’ith 
a seam on the shoulder, or at 
the fold, as prcferrcHi. If the 
former, place the top portion 
to a fold, and vice versa. 

Another patti'jm of chemise 
has the sleeve all in one, and 
is a little more shaped than 
the other 127]. A to C and B 
to D arc the length required. 
A to B and C to D about 
one- third of length. A to E, 
seven -eighths of half- width ; B 
to F, length of sleeve opening. 


VAIUOIJS SUAPKS OF OUEMISES 




about one-thirdof the length ge. simple chemise 27. plain chemise one-eighth of length, plus 2 in. 


measure and the width re 
quired. Fold tliis in half, the fold to come to the 
should^g* [26a]. 

'The-’ gusset is a square one, quarter the 
of sleeve. To ohl lin the square, measure 
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(this may be varied a little 
according to size of arm). Curve gradually from 
K to F. Make G one-third of length, 3 in. from 
lino B — D, and curve from P through G, sloping 
out to D for side of chemise. A to H, half of 

, A 





width, plus 2 in., then curve neck as in previous 
draft. ^ 

For this chemise, 2 yd. to 2J yd. will be 
required, aocC>rding to length. 

The making is somewhat sim- 
pler than the latter, as the 
sleeves are cut all in one. 

These two diagrams represent 
the hsual shapes, from whicii 
all other variations can hi* 
easily evolved. For in.sUincc, 
if required not so full, llu* 
distance from A to K and II 
niay l)e decretused, as well as at 
F, while the slope in at G may 
he greater. Again, the neck 
may easily be cut square or 
pointed, or any other shapt' 
prefen;ed, and either fasl,encd 
at the shoulders or in thc^ 
front. If the former, the shoulder part need not 
be placed td a fold. 

Princess Chemise. This sha])e is ])ar- 
ticularly suited to those whcjsc* 
figures incline to stoutness, as 
there is no superfluous fulm^ss 
at the waist part. T’he pat- 
tern is easily evolved from the 
bodice drafting of the Princess 
gown shown in Taii^orini} 

I page 2205], except that it has 
no side or under-arm piece, 
and the skirt })ortion is not 
quite so full [28J. 

The opening may easily lx* 
made rounded, if n'quintl, 
and, with very little alteration 
of the back dart, tin* pattern 
may easily be made into a 
long vest, particularly suited 
to those who arc no longer in 
their first youth, in which 
case flannel would be the 
material required. 

The French pattern which 
is shown at {d) in 25, is 
much liked by stout figures, 
two parts 
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gathered on to this, the former being preferable 
for a chemise, particularly if the material bo not 
very fine. In this chemise the under- arm seams 
should bo 'run and felled, but 
all the others should be united 
by means of a beading, as well 
as the skirt, w'hich has to be 
secured to the bodice at the 
waist ; whilst the flounce at the 
lower edge should be put on in 
the same way. Th(‘ opening 
may he either at the front or 
the slioulders, whilst tlu\neek 
aiul sleeves may be trimmed 
aca‘c)rding to tast^?. This che- 
mise will require 4 yd. bf 
'Mi in. or 40 in. madapolam or 
cambric. 

The Empire chemise shown 
in 26c has the bodice cut to 
somewhat elos(‘ly to the figure, and may 



It is made in 
viz., bodice and skirt portion joined 
together at the waist, the latter being terminated 
with a gathered frill. The 
bodice part may be cut either 
with one or two bust darts, 
like an under-bodice, or with 
the.dart carried to the shoulder, 
os in the Princess chemise, in 
which case the bodice portion 
of diagram 28 would do. If 
^ the former be profen-ed, the 
bodice drafting to the required 
measurements should be con- 
sulted, but, of course, must be 
enlarged. ' It might also be 
out in one piece, for which see d 
CAAfISOLE. 

The skirt portion, too, may 
eitjker be cut exactly l&e that of the Empire coat 
ia Tailoring, without seam at centre-back, or it 
/may consist of two straight widths joined and lower width of band [81]. 
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fit 

he made enlin^ly of embroidery, as shown, or 
material and lace, whilst the neck edge may W 
(piib* straight if wished. 

Knickers. We will next 
deal with the kniekers. Fig. 
29 illustrates four dittereni 
j>at terns and a divided skirt: 
{a) the oi’dinary shape' with 
yoke-band; {b) kniekers clos- 
ing at hack ; (r and d) wide- 
l(*gg(‘d French patUTus ; (c) 
sf)eeial cut for stout figures ; 
(/) a divided skirt. 

'riit' length is generally 
measured from hip to kmxi, 
with a little over if set into 
a band, or according to taste, 
and the width is usually con- 
sidered from 1| to times 
the length. 

Fig. 30 shows the ordinary 
.shape made with a yoke or 
shaped band. A to 0 and 
B to I) is tlic length ; A to 
B and C to D the width. E 
and F are three-(*ighths of the length counted 
up from C and D for inner leg measure. 

Make dots and draw a line. A to J, ‘2J in. ; 

curve from J to E. B to H, 
one-eighth of length ; H and I 
the same distance, at right 
angles. Gurve from 1 to F for 
front upp(‘r leg, also from J 
to 1 for waist. 

(J to L, 0 in. ; D to K, the 
same. Curve from E and F 
to L and K for lower leg- 
scam. 

T’o draft the band, take a 
square of ptiptn' half of waist 
measurement, shown by A, B, 
C, and D ; mark from C to E, 
one-third of depth ; B to F, 
the same. Lower F 1 in. and 
slope from G to B ; then curve from G to E 
for upper waist edge, and from B to C for 


KNICKERS AND A DIVIDED SKIRT 
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These bands should be a little larger than the 
exact measurements, as they should always 
be worn a little below the waist curve. If the ^ 
band be required to be deeper or more pointed 
in front, this alteration must be 
made at the lower curve ; the 
upper one should not be inter- 
fered with. 

These knickers may be made 
open or closed at the back, 
preferred. If the latter, tht* open- 
ing must be made at the side 
at tbb fold of outer leg, and the knickers would 
be set into the band round the front only, as 
far as the opening, thb back portion &ung 
arranged into a narrow band buttoning on 
to this from each side of the opening L29Jj. 

To make the open knickers, 
join lower leg portions as 
shown by notches, by a riin- 
and-fell scam^ join centre 
front a few inches down 
from I, either by a nm-and- 
fell seam, and hem from hero 
to J, or hem the w'holc of the 
upper front leg parts a few 
inches down from 1, by seam- 
ing or overSeAving veiy firmly. 

The waist- part is gathered 



and secured between the lower gg skirtknkkers 34. French knk kers 


edges of the band as indicated 
by the notches. The fulni ss must be regulaietl 
so that there is a little more at the back than 
the front. The band may be fastened by a 
tape nm in at each end |82], or buttoniMi, the 
latter being less bulky. The trim- 
ming and finishing of the knee-part 
is a matter of taste. 

Pig. 84 depicts the wide-legged 
French knickers which so many 
prefer. They are usually curvctl 
upwards at the outer leg, in 
wnich case they w'ould be Jett 
looser if made straight they can 
be drawrt in by slots, through 
which ribbon is run, so that they 
may be easily opened out for 
laundering purposes. This shape 
fits closely to the waist, so requires 
no band, the waist part being neatened by a 
crossway strip of material. 

A to B, half of waist measure. A to C, half 
of this measure. C to D, length of outer leg to 
knee. E and P, midway be- 
tween A and D. E to F, half 
width. B to G, 1 in. more than 
from A to C. Curve to the 
various points marked. D to 1 
may be varied somewhat ; in the 
diagram it is 15 in., half width, 
whilst tile length from E to D 
may be lessened as many prefer 
this shape made with deep friUs. 

Fig. 88 gives another French 
ahau wider in the leg. The tiimming of the leg- 
either of these shapes is a matter of taste. 

m ttdfr come to a patl^ specially designed 
MU' mtenderi tor stout fibres, which rcffiers 


enijtely in oonstruction itafk the ^^ecepied 
shape, but is one we can most thotdughly 
recommend for •comfort and rqi^sniness^ urns 
obviating that dragging which is 86 often edm- 
^ain^ of in the ordinary patteni. 
This model while giving plenty of 
freedom, owing to its shape, is 
yet arranged to have no super> 
fluous fulness at the waist part, no 
band being required, the shaping 
iSD being effected by means of deep 

. darts [35]. 

When the leg portion is folded, as sndicated 
by the broken lines, the two notches meet for 
the leg-seam, which vrill come a little further 
back than in the ordinary shape. The point 
of the curve extends a little 
way up the ^ck, and the 
wliole of this from the top 
of waist at back to the centre 
front must be neatened by a 
strip of crossway material 
stitched to it, as, owing to 
the curve, tapes or a hem 
are inadvisable. 

The darts should be fitted 
before being cut, as stout 
figures vary so much ; when 
correct they should be joined 
by a narrow run -and -fell 


? 
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KNICKERS 



seam, and the waist part 
finished off with a erossway strip of material. 

Cycling KnicKers and Divided Skirts. 
Of late years knickers made of woollen 
maU‘rials have almost entirely superseded the 
flannel petticoat. They are made 
in various shapes, but nearly all 
can be evolved from the pattern 
shown in 30, according to thu 
direct ioiLs given for closed knickers 
(see also 296]. From the yoke* 
band there shown, it will be 
easy to arrange any other modifi- 
cations. ''ITie side-openings would 
be finished off with fnitred wraps. 

A Divided Skirt — which is a term 
often loosely applied to knickers — 
is shown in diagram 36, the making 
of which shoiSd present no diffi- 
culty. It can have several flounces if preferred. 

Knee- bands for long-cloth drawers vary from 
15 in. to 18 in. long, the width about fan. 
to 1 in. when finished. 

The quantity required for 
plain knickers for average 
figures is 2 yd. to 2i yd. of 
36 in. material. 

Combinations. Th^ com- 
bined garment bps oome into 
special favour of late years, 
and is now almost' universally 
worn In place of chemise and 
knickers. 

Fig. 37 illustrates a simjile 
drafting of the shape, with fulness 

gathers to the back part. 

The length is measured from the top of 
shoulder to below the knee. 
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The port^n ui <?ttt exactly the eame aa 
the hnid(crs m 31» bo we will only oonsiden.-tne 
upper part. 

' A to M, oiie*qaarter of the width ; B to P, 
oue-eiffhth. midway between A and B ; and 

0 mioway between B and H. 

2 is hi. to the right of 

line M— 1, and 2J in. below G. 

M to L, one-eighth plus 1 in^ 

M to 1,, one-eighth of width ; 

P to 6, one-quarter. (Those 
two measurements must vary 
according to whether the gar- 
ment iff* to be high or low- 
necked.) L to 3, 3 in. ; drop 
^ in. and draw Hne to L for 
back shoulder. 

H to 5, the same as A to 
M ; curve frpm 3 and 4 to 6 
for armhole, curving front a 
little more inwards than the 
back. 4 to N, 3 in. ; raise 

1 in. and draw from this to 
4 for front shoulder, then curve 
from point above N to 6 for 
front neck.*" 

6 to 7, 14 in. ; make 
8 and 9 1 in, to right 
and left at waist, and 
curve through each to 
7. 10 is I in. below 5 

on line 0; 10 to 11, 

10 in. ; curve from 10 
to 1 1 1 in. to right and 
left at waist. 

Curve from 6 to 
F for front line. 

Fig. 88 gives 
another shape 
■♦cut all in one. 

Tt may also be 
♦ ma^ in flannel 
for winter w'ear. 

The lower por- 
tion, it will be 

seen, is cut similar to the German shape knickers 
shown in 85, and is put together in the same way 
as far as the leg part is concerned. 

The nock, as in chemise [27], may be cut 
square or pointed, as preferred. If made high 
to the neck, the bodice measurement should bo 
consulted. In the making care must be taken 
to keep the darts even. A wrap may be left 
down file centre front, as shown by the broken 
line, but in any case the curved part should be 
faced with a strip of material cut to the same 
shape, as directed for the knickers. 

SWves are also a matter of taste, many chemises 
and " combinations being now made without 
them, and the armhole finished off with insertion 40-41. draftino of night- 
and embroidery, or deep frills. If a sleeve bo 
required, that shown at C in 26, curved slighly 
at the lowfer armhole portion, will be a good 
example. For evening wear the shoulder part 
armhole would be omitted, ahd ribbon 
or Aerrow msertion |Lnd lace take its place for 
a ihoidder-strap, as in the evening chemise. 




For plain combinations, 2J yd. to 3 yd. of 36 in. 
material is the usual allowance. 

Tne Nightdreea. Nightdresses may be 
made with or without yokes, either of the 
shoulder or Empire variety, but are nearly all 
.mode without collars or with 
^ just only a frill of material, 
whilst some of the more elabo- 
rate kinds are low-necked and 
cut cither square or roimd. 

The sleeves, too, vary from 
the bishop to the full elbow 
sleeve, or only a full, deep frill. 

The skirt portion is gener- 
ally shaped a little at the sides, 
and should be generous as to 
fulness at the foot part. 

The moat generally approved* 
shape, however, for an ordin- 
ary nightdress is that made 
with a square yoke cut all in 
one [89]. The skirt portion is 
marked with the average 
measurements, but may easily 
be altered according to the 
height or size of the wearer. 
The broken line shows where 
th(‘ pattern may be sloped out 
if needed [40]. 

For the yoke, take a piece of 
paper 20 m. deep and 48 in. 
wide, and fold it in half. A to 
B 18 in. ; B to C, 8 in. ; 
draw line for front edge. D to 
„ K, Sin. ; curve from C to B for 
«>’o«lder. D to F, 5 in. ; F to 
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G, half • neck measurement, 
less 1 in. for curve ; G to H, 
2 in., curve from H to F for 
neck [41]. 

3’he sleeve can be of the 
bishop order, for the cut- 
ting of w'hich full direc- 
tions w’ero given in 
Dressmaking. [S^ also 
61.] The front opening 
is finished off with a 
mitred wTap of material 
or insertion^, and should 
be 14 in. to 16 in. in 
length. This is run 
on and either stitched 
or feather-stitched at 
each edge. The sim- 
plest method of cut- 
ting out the skirt part 
for the smaller sizes 
IS to cut a length of^ 
material twice that 
required, fold it in 
half, and then slope 
off one side from 2 in. 
to 8 in. or 9 in. This sloped piece can then be 
added to the straight side, with the wider part at 
the lower edge. For larger sizes join two half- 
wit^ihs— the latter taken lengthways— fold these 
in half and cut the two-gor<3 skirt portions. « 
CfffUinued 
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Service. Eastern Cadetships. Police and Professional Appointments 


By ERNEST A. CARR. 


'T’HE Imperial Service, which wo are to 

consider in this and succeeding numbers, 
forms the last great division of our general 
subject, the Civil Servk’E. In many respects 
it is also the most attractive — at least for that 
great race of “ adventurous youth ” whose 
passing certain X3esHimisl8 among us have 
prematurely mourned of late. For the most 
part the Imperial Service offers a strenuous, 
eventful career in some for quarter of the globe, 
with greater hardships than attach to a life of 
official routine at home, but also with much 
greater chances of distinction and success. 

Embracing, as it does, our numberless colonies, 
dependencies, and possessions, and compris- 
ing both State and municipal employment, the 
Imperial section is in itself fully as varied and 
comprehensive as the home service's whose 
survey we have concluded. ]5ut. it is imi)oii-ant 
to bear in mind that while ap|)ointments in 
this service are in some instances accessible 
to candidates in Great Britain, many others 
are reserved for local i^atronagc or competition. 
Particularly is this the case in our greater 
colonies, such as Australia and South Africa, 
whoso civil officers of every grade are recruited 
almost entirely from local sources. 

Whore such conditions of employment ])revail, 
an exhaustive dcscrij)tion of the service would 
be useless. The course wc propose to follow, 
therefore, is to discuss at length those posts 
for which British aspirants can enter, and to 
deal more briefly with the rest, while indicating 
the source from which fuller information as 
to these latter apiiointments may be obtained. 

INDIAN CIVIL SERVICE 

Some of the finest administrative and judicial 
positions in the Indian Empire are brought 
within reach by success at the open competition 
held every August for probationary ax^point- 
ments in what is terin^ the “ covenanted ” 
Civil Service of India, The exx^ression refers to 
the covenant or contract which cv(?ry successful 
candidate has to execute with the Indian (Jovern- 
ment, and is used to distinguish this from a 
subordinate service that is filled chiefly by 
patronage in India. 

For ambitious young students who arc not 
daunted by the prospect of exile and a trying 
climate, the “ I. C. S.,” as it is generally called, 
offers prospects far more brilliant even than 
are afforded by Class T. clerkships in the home 
service. • 

The examination is open to "11 natural-bom 
subjects of His Majesty (including Indian 
natives) who are between 22 and 2^ yeara of 
age m August 1st of the year in which they 
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enter. No deduction of age on account of 
military or other service is x^ermitted for these 
posts. As already explained [see First Class 
Clerkships, page 2250], a joint competition is 
held for the Indian Civil service. Eastern cadets, 
and clerks in the home service, eligible can- 
didat/cs choosing, in their order on the combined 
pass-list, which service they elect to enter. 

The official regulations as to these annual 
contests may be had on application to the 
Secretary, Civil Service Commission, Burlington 
Gardens, .W. On the subject-s prescribed, and 
the very searching character of the papers, 
nothing can usefully be added to the informa- 
tion given on xiage 2251. 

“ Selected Candidates.'* Successful 
competitors who choose the Indian service are 
known as “ selected candidates.” They are 
on juobation in England for a year, studying 
Indian law and history and the language of 
the x)^‘ovincc to which they are assigned. An 
allowance of £100 is grantwl to those who sx>ond 
this term at a university or college approved 
l^y the Secretary for India. The probationers 
must then pass an examination in their studies, 
the cost of failure being withdrawal from the 
service. They are also tesU>d in horsemanshixi. 

Selected candidates who acquit themselves 
creditably at the final test are provided with a 
free lirst-class x>assage to India, and on arrival ^ 
receive a{)X>ointment8 at a salary beginning at 
4,500 to 5,000 rux)ces per annum. Taking the 
average value of the rux)ee as Is. 4d., this 
leprescnts about £300 to £330 a year. The 
actual value is usually somewhat higher. The 
conditions of employment are generous, every 
year of actual service entitling the young 
civilian to three months’ furlough — which may 
be accumulated to permit of a prolonged visit 
home. After a time the officer is called upon 
to choose which branch of the service he will 
follow — the judicial or executive. The former 
may lead him eventually to a judgeship in the 
High Court, the latter to the rank of Lieutenant- 
Governor of a province. Apart from such 
great prizes, opxx)rtunities for distinction are 
not wanting in the service ; and if the individual 
has the ability and energy ^to seize them, his 
advancement is likely to be rapid. Many 
members of the I. C. S. reach resxiensible and 
highly paid positions, such as that of judge 
or magistrate of a native court, while still young 
in their calling. After a quarter of a century — 
21 years pf which must have been effective 
service as distinguished from furlough and 
sick leave— the Indian Civil seiTant is entitled 
to retire on a life pension of £1,000 a year. Ten 
years later hfe retirement becomes compulsory. 
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EASTERN CADETSHIPS 

These positions have been instituted to supply 
the higher ranks of the Civil services of Ceylon, 
Hong Kong, the Straits Settlements, anci the 
Federated Malay States with trained and 
capable officers. They are filled by open 
competitions held every August concurrently 
with those of the Indian Civil Service and for 
Class I. posts ; but their inferiority in value is 
shown by the fact that they generally fall to 
men low down on the combined pass-list, higher 
placed candidates having selected the other 
services in preference. Thus, at a recent joint 
contest, the first man to accept an Plastcrn 
Cadetship had taken only the 56th place on 
the list. Still, these posts are distinctly attrac- 
tive ones, with a fair salary from the outset., 
and good though not dazzling prospectvs. 

The examination subjects are the same, of 
course, as for Class I. appointments, and the 
same age limits are fixed — namely, 22 to 24 ; 
but for cadetships no deduction from age is 
permitted except for service in the Militia or 
Volunteers during the Boer War. Candidates 
must be of sound eonsUtutioii and good eye- 
sight, and fit for tropical service. Except for 
Ceylon, it is specified that cadets shall be of 
European descent. 

vSelectod candidates are required to leave 
England about a month after passing, and receive 
a^free passage, half- pay on embarking, and full 
salary on reaching their destination. In Ceylon 
their remuneration as (;adets is 3,000 rupees a 
year, with a pundit allowance of 360 laipees foi% 
instruction in the native language ; in the other 
colonies it is fixed at £225. 1’he routine of 
training is practically the same in all eases, the 
cadet dividing his time between his studies in 
^thc native tongue and instruction in (Joveni- 
ment business. On passing his examinations 
he receives an immediate advance of pay — in 
(.-eylon to 3,500 rupees, elsewhere to £300 — and 
becomes eligible for a permanent appointment 
with a salary usually beginning at £360 or £420 
a year. Thence, as he rises in grade, his income 
progresses to £900 or £1,000 at the least ; and 
there are further possibilities before him up to 
£2.000 or more. 

INDIAN FOREST SERVICE 

A hardy young fellow in quest of an open-air 
calling, and undismayed by exposure and fatigue, 
could scarcely find a more tempting career than 
is afforded by the Forest Service of India. 
It involves much lonely service in the remoter 
regions of our great Eastern Einpiie, often 
far from white men ; but to those who have 
heard “ the call of ^hc wild,” and cannot forget 
its voice, there are ample csompensations in 
the eventful, unhackneyed days passed amid 
some of the grandest and most beautiful scenery 
in the world. 

One essential feature of the forest service is 
the costly training that precedes it, for which 
an allovrance of about £200 a year for three 
yeaM is necessary. Many likely men are debarred 
by |kck of the Requisite means, and thus it 
aris^ that, despite its attractions, the com- 


petition for vacancies in the service is’^not very 
severe. 

Examinations for some eight or ten appoint- 
ments as probationers are held in the summer of 
each year — iLsually in August. They are open to 
every unmarried British subject whoso age, on the 
first day of ilie preceding January, was between 
18 and 21 years; but only those candidates are 
selected who have passed, or who underiak^^ 
to pass before the following October, the test 
known as Responsions at Oxford, the Previous 
Examination at Cambridge, or some e(iuivalent 
examination. The competition for appoint- 
ments consists of papers and practical work 
in each of the following braiiche.s of science : 
(1) Mechanics and physics ; (2) Chemistry ; 

(3) Botany. 

Candidates must <pinlify in all three subjects, 
and must also show sufficient knowledge of 
German — the test in which eoiuprisos trans- 
lation, composition, and conversatifm. The 
examination fee is £2. 

Probationers. Successful (‘ompetitors are 
required to pass a strict medieval examination, 
at which particular stress is laid on good vision 
and hearing, 'rbey an*, then ap))ointed on 
probation for three years' training. , During the 
first two years they pursue a spt^eial erturse of 
study at Oxford University in forestry and 
allied sufqects, defraying their own exj»enses 
meantime. In the third year they receive 
practical instruction on the subject of their 
future calling, visiting vari(uis ('ontinental 
forests for the purpose. To eovt‘r their travelling 
expc'nses and the (Jost of tlu4r board, lodging, 
and other charges during their final year, pro- 
bationers ai’c. reqiiir(*d to pay to the S(;eretary 
of Sbvte for India £60 a term, or £180 in all. 

On eompleling their training, ))robat loners 
who have obtained the diploma of Forestry at 
Oxford are appointed second-giado assistant 
eonscrvatoi’s in the Indian Forest Department, 
and proceed to t^ake up their dutic^s. They must 
take their own passages for India, but receive 
an official allowance varying between £50 and 
£100 according to their proficiency. 

Pay and Prospects of Conservators. 
From the date of their arrival in India, assistant 
conservators draw 350 riqx^es a month (about 
£300 a year) increasing to 4.50 rupees on entering 
the first grade. Th(‘y are appointed to one of 
the great timber divisions -Burma, Assam, the 
Punjab, or elsewhere —and are entrusted with 
the. protection and improvement of the forest 
land within their section, the reaffiu’cstation of 
denuded areas, and similar responsible and 
interesting work. 

The higher ranks an*, reiminerated. as follows, 
the figures being given in rupees per month : 
Deputy conservators, 550 to 900 ; and con- 
seiwators 1,200 to 1,6(X). The proportion of 
.su}K*rior posts is very large, and advancement 
is therefoTV s})eedy. 

The official regulations as to the.se appoini- 
ments, with particulars of salaries and pensions 
and a syllabus of the entrance examination, 
may be obtained on application to the India 
Office, Whitehall, S.W. 
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POClCEi^ SiPPOtNTMBNTS 

Although police duties are vastly less interest- 
ing than forestry to the normal mind, the 
examination for the Police Service of India and 
the Further East attracts a"' great many more 
candidates every year than that for the Forest 
Service — and this for a sufficient reason. 
Success %t either contest is followed by a term 
of probationary training ; but whereas the 
future conservator of forest^s, as we have seen, 
has to study hard during three cosily years 
before earning a rupee, the police probationer is 
receiving over £200 a year within three months 
after passing his entrance examination. 

As in the case of the cadetships already dis- 
cussed, a single examination is employed to 
recruit several police services. The competition 
is an open one, and is held every June, or there- 
abouts, for such vacancies as then exist in India, 
Hong Kong, the Straits Settlements, and the 
Federated Malay States. Candidates may enter 
for all appointments at the same time on payment 
of a single fee of £2 (or £3 if examined elsewhere 
than in London) ; and are required, if successful, 
to make their selection as soon as the result of 
the competition is announced. By far the 
greatest numl^er of vacancies arise in the Police 
Service of India. 

The Examinations. Unlike most open 
Civil Service examinations, these competitions 
are not advertised in the public Press. Appli- 
cations to comp<‘te must be made not later than 
May 1 st of each year, on a printed form 
obtainable from the Secretary, Judicial and 
Public Departmenf, India Office, S.W. Candi- 
dates must bo unmarried, and between the 
ages of 19 and 21 on June Ist of the year in which 
they compete. An extension of not more than 
eighteen months is granted to those who served 
in the South African War. 

The examination is in English, and not more 
than four of the following subjects : Mathe- 
matics, higher mathematfes, Latin, Greek, 
French, German, history, and science — to each 
of which a maximum of 2,000 marks is assigned. 
Candidates may also take up freehand drawing, 
which carries only 250 marks. 

Those who are successful at the literary 
contest must next undergo strict medical 
examination as to their physique and capacity 
for active outdoor work on the plains of India 
or elsewhere. On satisfying the Civil Service 
Commissioners of their ability to ride, they are 
th^n appointed as probationers at one of the 
districts in which a vacancy exists, their wishes 
on this point being consulted as far as practie- 
^ able. ^They are provided with a free passage 
out, and must embark in the October following 
the examination. 

A probationer who is sent to India receives 
250 rupees a month while uii^er instruction in 
police duties and in the local language. On 
passing certain examinations in these subjects — 
a task that must be achieved within two years 
of his arrival in India — he is appointed Assistant 
Superintendent of Police at 300 irupees monthly, 


rising to 500, and excellent ohaneei of 
becoming District Supermtendent, with a salary 
of 1,000 rupees per mon% There are also a few 
higher posts ’mthin his reach. In the other 
services probationers are paid £225 a, year on 
arrival, and £300 after passing the departmental 
examinations. On receiving an appointment* 
they draw a salary of £360, rising to £660, and 
if fortunate, may reach £1,000 a year^ Free 
quarters are provided for officers of all grades. 

Subordinate Posts. For the most part, 
the police rank and file in the East are native 
officers. In Hong Kong, however, there is a 
British force *which is largely recruited by 
volunteers from the horn* constabulary. Police 
constables are engaged for five years or longer, 
and are paid 50 dollars a month, with an allow- 
ance for depreciation of currency amounting to 
another 10 or 15 dollars. ^For proficiency in 
Chinese they may receive a further allowance 
of 2 dollars 60 cents to 10 dollars monthly. 
Promotion is said to be no faster than in the 
home forces, the sergeant’s stripes taking six or 
seven years to win. 

OTHER INDIAN ^APPOINTMENTS 

In addition to the services already discussed, 
there are others for which only those candidates 
arc eligible who have been specially trained in one 
of the j[)rofes8ion8. Such appointments have 
little interest for a student of this course, their 
place being among the professional groups q| 
the Skij'-Eoucator. For present purposes they 
may be dismissed in a few words of description, 
cbupled with a reference to official sources of 
information for the benefit of persons who may 
be interested. 

Public WorKs and Telegrapha. 

Trained engineers from the technical colleges 
are now eligible for valuable appointments in 
these services, which were formerly reserved for 
the men of Cooper’s Hill College. Salaries range 
from 4.200 to 30,000 rupees a year. The regu- 
lations can hi} obtained of the Secretary, Judicial 
and Public Department, India Office, S.W. 

Veterinary Posts. Candidates pos- 
sessing the M.R.C.V.S. diploma have a chance 
of entering the Indian Civil Veterinary Depart- 
ment on attaining the ago of 26. The pay and 
prospects in this service ftre good, but officers 
are debarred from private practice. 

Education and Ni^sing. Appoint- 
ments in the Indian Educational Service are 
under the patronage of the Secretary of State, who 
usually awards these to distinguisned graduates 
of British Universities. No limits of sSge are 
prescribed. Officers are engaged in the first 
instance for a term of five years, at an annual 
salary of 6,000 rupees, rismg by 600 rupees 
yearly to 8,400. There are good prospects of wo- 
motion if the period of engagement is extended. 

Trained nurses betw'een Si and 35 years of ^ 
age are appointed by the Secretary of State to 
the Indian Nursing Service, on terms that can 
be obtained on ^plication to the Under- 
secretary,* India Office, S.W, 
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the other, quirkA and similar recesses being 
avoided. The first coat requires to stand 
four hours, with two hours interval for each 
succeeding coat, but many assert that 12 to 
24 hours is necessary between <mch coat. 

Staining. The filling- up is followed by a 
coat of staining or guide colour, w'hich is made 
of lampblack thinned with turpentine, and i.s 
therefore darker than the filling-up underneath ; 
consequently, when the rubbing down takes 
place, the worktnun can at. onee s(‘c wIktc bis 
work has yet to be tlone. The eonel union must 
not Im drawn that tlu^ rubber-down has to 
efface all the staining eoal, but by feeling the 
surface with his hand he ihust use his discretion 
as to when the operation is completed. 

Rubbing Down. The rubbing down is 
effected with pumieest one and water, and in the 
ciiHo of a broiigliain begins at the roof, working 
downwards over the upper (piarter and so on 
lo the bottom arch panel. The hand that is not 
rubbing may be used to feel how the work is 
progressing. Tlu^ parts tjiat cannot be rubbed 
with the piece of stone may be done Avith pumice- 
powder and a cloth. As the rubbing proei^eds 
a sludge is ereate<l with the tilling- u]), which must 
be removed with a rag dipped in Avater. The 
block of stoue in tlu‘ hand may Ix^ eli^aned Avitb 
£1 brush and Avater from tiiiu' to lime as it clogs, 
and, Avhen ms'essary. facs-d level on another 
piece of pumice or other stoue. 

VVlieri the rubbing doAvn a laborioirs and 
tedious process - has b(‘eu completed, the body is 
.sponged off, and finisht'd Avith a Avasb heather. 
After allowing from 12 to 24 hours for the body 
to dry, very fine glasH-pa]»er or a loose branch 
of hard, loose hair is j)asH<Ml over the surface, 
giving it a tooth read}^ to ri'ceive its next coat — 
one of lead colour. 

Lead Colour Coat and its Facing. 

This colour is made with or Avithout lampblack, 
according to the final colour of the body. A 
yellow panel Avill re(|uire a different shade to a 
dark blue. 

When dry, this is ag.iiii faced with pumice, 
but the ])ro"ess is by no means so laborious 
as the rubbing down, for the ]»aint ought m)t 
to bo cut through. 

Ground and Best Colour. We have 
now a fine smooth surface ready for the ground 
colour, Avhich is of a lighter tint than the 
final coat of body colour. Having allowed the 
work to stand for a day, avc apply in succession 
t wo coats of best colour, the black parts, such as 
the 4oot and quarters, receiving two coats of 
japan. Next we apply (he varnish colour or 
the required pigment, ground in turpentine and 
mixed with flatting varnish. Sometimes this is 
to enrich the tone of the best colour, or to create 
a different shade on a inovp solid under coat. 
Any paint of a fugitive nature cannot be used 
in the first colours of paint. 

Flatting. As facing is more delicate than 
rubbing down, so flatting requires a lighter 
touch toan facing. It is cffecU*d^ith pumice dust 
on a clpth pad or a piece of telt. This process 
dM|fifl)R^ the brightness of the varnish colour. 
The Hutted surftme is well Washed off with water, 
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and when thoroughly dry a coat of flatting 
varnish is put on. 

Whether one or as many as three coats of 
flatting varnish <he applied, the surface is flatted 
in each case with pumice-dust. After the flat- 
ting is dry, we come to the edging, picking out, 
or fine liping, of which several varieties are 
shoAvn in 55 [D to Mj. This consists of the fine 
lines of colour applied with suitable peneils to 
the mouldings, so emphasising the outline, and 
various forms of similar dtujoration are added 
to the spokes,, felloes, and different parte of the 
undercarriage. 

The putting on of these lines requires much 
training, and it is perhaps seen at ite highest 
in the decoration one sees in perambulator, 
cycle; and locomotive work. 

Last Coat of Varnish. After refiatting 
we usually come to the final coat of varnish, 
which must flow freely under the tool, the use 
of a small tool in the other hand sometimes 
being considered a help in keeping an even sur- 
face. When a painter can put on the last coat 
successfully, he has reached the height of his 
profession, ( -lean tools in a dustlftss room free 
from draughts and maintained at- a moderate 
tern jK‘rat lire are neei^ssary to the attainment 
of the beautiful and lustrous surface of a vehicle 
turned out by a good firm. 

When om^ efmsid<u*s I hose coats — averaging 
1(> in uiimbtT and the time, some tln*ee or four 
Avi'eks, for (heir application, he ex|H»ets a very 
goixl result. This lengthy series of coats of 
paints applies, of course, only to the best 
Avork. The eheaj)er the work and the rougher 
the use for which it is intended, the leps is the 
preparation. Vehicles that are finished in the 
natural colour of the Avood generally receive 
one thin coat of linseed oil wiped off, six coats 
of gold size on , panels, two or three coate of 
fiatting varnish, finishing with one of best 
elastic varnisli. 

The quality of the varnish, especially in the 
linn I coats, determines to a great extent the per- 
man'*ney of the particular tint of body colour. 
W<* often see Avhite made yifflow, and blues 
given a greenisli line, Avhile japan Avill take on 
a similar tint. Still, Ave must not always blame 
the varnish, for the colours themselves may 
be of indifferent composition and too fugitive 
to retain their original hues. 

Under-carriage Painting. The under- 
carriage is often painted in a separate shop 
to the body, especially in large factories. It 
is painted much in the same way as the body, 
receiving a coat of lead colour or priming, 
Avhieh is sand-papered off when, dry to receive 
another coat and consequent papering. The 
more, open grain parts of tho woodwork, such as 
are in the front of a compassed bed and felloes, 
are filled Avith soft stopper, a thin plastering 
of dry white lead and turpentine. This, drying 
rapidly, is glass -papered off — a most unhealthy 
process for the workman ; and it is far better 
for tho usual body filling-up with the^ use of 
pumices tone and water to be adopted. We 
must take care not to fill up the carving on the 
under-carriage with the iilling-up, and thO l^ss 
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iilling used ‘'in thi» neighbourhood the better, 
for it i!» difficult to clean, and in attempting to do 
ao the work ia often destroyed. Afterwards 
we apply another coat of lead colour, and follow 
with two coats of ground colour, two of glaze 
or varnish colour, flatting as before with pumice- 
dust. The stock hoops, treads, and other black 
parts have two coats of japan and one flowing 
coat of best clastic varnish all over. 

Patent Wood Filling and Mechanical 
Painting. As a substitute for the priming 
coats of lead colour, the “Ainoricsu lucthod,” 
or the Patent Wood Filling, is Honictimcs 
adopted. This filling is supplied in cans and 
is used either hot or cold, the former being 
preferable in cold weather. Afb>r applying 
the P.W.F., as it is abbreviated, the raised 
grain of the wood is removed with a piece of 
partly- used glass-paper. When this is com- 
pleted, the P.W.F. is wiped off dry with pieces 
of cloth, sufficient having boon left in tlie grain 
to answer the purpose. 

After this patent fil- 
ling comes the applica- 
tion of the “ rough 
stuff” or “filUng-up” 
in the usual way. 

The painting of pas- 
senger railway rol- 
ling stock is similar 
to that already 
scribed, except that 
fewer coats are 
used, «and the 
whole process 
takes about 10 to 
14 days. Seeing 
tbo large area of 
surface to lx? pre- 
served by paint 
in a comp/iny’s 
stock, it is nf)t 
surprising to And 
mechanical me- 
thods adopted. By this means labour and cost 
are lessened, and paint may Ik* aj)plied (jtiito 
as evenly as in hand work. 

Compressed Air in Painting. Com- 
pressed air is the usual method by which 
a leservoir of paint placed on the ground is 
raised and forced through a sprayer at the end 
of flexible tubing. Both air and pai t <mtcr 
the nozzle of the sprayer, the paint being mixc?d 
a little tlmnner than usual, and passing through 
a small Alter before it is formed into a tine sjjray 
by the current of air. 

The tank is charged Avith air througJi a valve 
* in the top until it indicates about lb. to the 
square inch. The supply is disconnected, and 
the pressuie thus formed will work the maelune 
for some time. The supply of paint is under 
the complete control of tlie workman, and he 
can reach all corners and crevices. There is no 
outlay fpr tools, and if a separate can be kept 
for each colour— as is warranted in a large shop 
—much work will, be saved in can cleaning. 


Use of Sheet Metal. The time taken 
by painting has, in America, led to cover- 
ing the panels with thin sheets of metal, 
usually copper. It is, of course, more ex- 
pensive ill the first instance, hut the little 
cxjK'ricnee already gained tends to show that 
economy results, there being no repainting ; and 
if damage should occur to a panel so protecttnl, 
the metal will always find a good price as 
Hcnip. 

Choice of Colours. In iiainting the rail 
waggons, load vans, and similar vehicles, we 
must remember that, the material is not a 
very big item in }>ropi)rtion to the labour. 
Bright colours soon letpiire n'liewal, but their 
use is often insistid on, for distinctive purposes 
such as refrigeraloi* cars, or butter vans, while 
advertising demands a conspicuous jiigment. 
The ends of railway stock are painted a darker 
colour, .since, while travelling, they catch 
more of the smuts and dirt. The gen- 
tlemarrs carriage is, 
as a rijl(', painted in 
dark (^olouis, accord- 
ing to the recogniscfl 
canons of good taste. 
Sporting and self- 
driving vehicles have, 
more showy under- 
carria'gi'H. being 
usually finislu‘d rod 
or yellow. Motor- 
cars, at first vio- 
hiiitly coloured, 
are now folloiving 
the custom aet by 
th(5 coachbuilder. 
Our London omni- 
bus under - (jar- 
riages are in many 
insianccs painted 
yellow simply 
becauHi^ they are 
r 0 n d e r e d 

iiitcrchungcahlc. Why yellow is used cnuiiof bo 
explained, unless it is to lighten the apj'H^aranee 
of the whole. 

Bailway mideigear an 1 iionwork is generally 
paiiit(‘d black. 

Monograms and Heraldry Painting. 

The highest brunch of the vehicle painters 
art is in (he rendering of thi*. various crests 
on the panels of the carriages of the nobility. 
A coronation involves much activity in this 
branch of the art. 

jSometimeji a painter who has used his spare 
time in studying heraldry, and has a natural 
artistic ability, puts on the crests required in 
the course of his business. The (cndc*ncy now- 
adays is an inereas(* in monograms [65, A, 
and CJ, which not only demand skill in execu- 
tion, lut also in designing the intertwining of 
the initial letters. 

The coat -of -arms .seen on railway and rolling 
stock, and the devices on motor omnibuses 
[65, BJ, are often put on by means of transfers. 
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Avoui beii^ tSaduo«d to deal 
thith {MTsoiiB wlio advertise themselves and the 
^ivonderful *‘haulsjj l^®y Have made for their 
clienta. Oenerally they are harpies of the worst 
dtsori]^tion« who will lead their nnhappy client 
to $peculate in Ihe^inost extravagant **wild- 
>eat sohwes. Not (Content with corrupting his 
.mdra^ they rob him of his money by various 
ingenious methods. But enough of this for the 
Inoment. 

Bucket Shops. Among the harpies which 
prey upon the gullibility of the public, the pro- 
prietor of the bucket shop is the worst. Dealings 
are carried on under what is known as the 
“ cover ” system — that is to say, the speculator 
ik required to deposit with the bucket shop 
only a percentage — ^generally 1 per cent. — of 
the value of the stock in which he desires 
to deal, so that for an outlay of £5 he can 
c^l in £500 of stock. If the stock immedi- 
ately goes up one point he takes a profit of £5 
and sdls out. If, on the other hand, the stock 
falls a point the bucket shop sells his stock 
because nis “cover” is exhausted and he loss's 
the £5 at once, in spite of the fact that his stock 
may immediately after bound up several points. 

Apart from the fact that the system is a 
gamole depending upon the capricious fluctuation 
of the market, the transaction becomes worse 
from the investor’s point of view when it is 
known that in the vast majority of cases there 
is no purchase or sale of the stock by the bucket 
shop. Hence, it is obviously to the firm’s interest 
that its client shall buy on a falling market, be- 
cause in that case it pockets the “ cover ” 
without further trouble. This fact explains the 
anxiety of certain firms to advise the 8|K'culator 
in his dealings. It amounts to this — that the 
speculator is betting against the bucket shop, 
and, since the latter is a past master of the game 
in which he is a novice, he stands a poor chance 
of any permanent gain. 

There are certain outside brokers who under- 
take this class of business also, and while they 
may be perfectly honest, the whole system of 
purchasing more than can be jiaid for is so funda- 
mentally wrong that it need concern us no 
further. 

Having selected your reputable broker, ask 
him to provide you with an official list of prices, 
or with one of the little books of selected 
seourities which many brokers publish on their 
own account. 

The Risk of Big Dividends. You 

must face the fact that if you want a high 
ra^ of interest for your money you must 
be willing to take a proportionate amount of 
risk. Up to 3J per cent, the risk is very alight, 
but it is not so easy to get a Safe investment at 
a much higher rate. 

The reason for this is that if a concern or a 
^ ooiporation can offer ample security for money, 
it obes not pay much for the risk of lending. On 
^6 othbr hand, if the risk is great, the investor 
will naturally ask for a high rate of interest. 

. So tre see roughly what governs the rate of 
int 4 NP^t on stocks. A farther question of great 
impcntaooe is the price at* which you buy the 
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stock, and this^is a very much broader issue. 
You will see in yqur Stock Exchange list that 
nearly every stock is either over or under par ; 
that is to say, £100 worth of stock can be 
bought for less or more than its nominal value. ' 

This moans that the price of stocks is regulated 
by the law of supply and demand, and that if the 
public thinks well of the prospects of an divest- 
ment the public does not object to pay more 
than the nominal value for it^ either because it 
hopes for a greater rate of interest or, where the 
rate of interest is fixed as in debentures, believes 
the prosperity of the concern affords ample 
security. The price, of course, rises with the 
demand, and falls with a free supply. 

It should be noted that the Stock Exchange 
List is a good index of the price only of large 
stocks. In smaller concerns, where there is 
little dealing, the actual price may differ con- 
siderably from the official price. 

In the first rank of safe or “ gilt-edged ” 
securities are the stocks know'n as Trustee 
securities — namely, British funds and’ certain 
Colonial, corporation, or county stocks. That 
these are considered safe may bo judged by the 
fact that the law allows trustees to invest other 
people’s money in them. Now, since these stocks 
have a fixed rate of interest with good security,* 
the point to be considered is the price at which 
they should be bought. What determines this ? 
Let us take Consols as an example. 

Consols. Putting aside the case of war or of 
national uneasiness in fact» of foreign complica- 
tions, the price of Consols in peace time is 
regulated by the amount of money available for 
investment. If trade is booming, money will be 
requhed to develop it, to finance trade schemes 
and to pay wages. When money becomes scarce 
the reserves at the Bank of England sink, and 
people sell out their safe investments, because 
money is worth more than the 2iper cent, which 
the Government is willing to pay for it. The price 
of Consols goes down, the price of the leading 
“gilt-edged” .st'curities sinks, and there the 
price will stay until the value of money falls. 
For instance, trade slackens; less money ia 
required in developing it ; there is less turnover, 
fewer fresh schemes ; less money is required for 
wages. Profits have been made in trade which 
must not lie idle ; the Bank reserve fills up, 
and the demand for gilt-edged stock once more 
becomes so pressing as to raise the price. 

So that trade is one of the most important 
factors in the gilt-edged security market. 
Trade comes in waves, with a hollow between 
the crests of prosperity, and no sooner has it 
reached its highest point than prosperity kills 
itself by causing over-production, and, con- 
sequently, depression. 

Railway Stock. Another favourite 
avenue for investors is railway stock, in 
which, again, trade exercises a (^eat iniluenco. 
As trade improves, freight increases, and 
genera] traffic grows with it. Then , expenses 
begin to rise, the cost of coal goes Up, iron 
and steel go up, wages rise steadily, so that 
often the expenses in the wake of a trade boom 
will wipe oqt the extra plofitai^ With the breaking 
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of the boom, the traffics subside and stocks fall Of other fbr^gn markets the same is true, 
rapidly unless kept up by outside considera- If you can take a wide view of the situation, oan 

tions or the lack of other outlets for money, read your morning paper intelligently^ you will 

It is a question whether British railway stouks be able whilst the monoj^is accumulating to 
will over again reach their highest point. In- forecast what countries are in an unduly depressed 

creased wages, shorter hours of work, and a higher condition, which in the ordinaiy course will right 

standard of comfort in trav(‘lling are all caiisoa itself cither by ^ood crops, by industrial entor- 
whiett will militate against abnormal prosperity prise, or by freedom from internal troubles, 
in the future. 'fhese arc the countries in which money should 

The best sort of railway stocks for the investor be invested, 
are debenture or preference stocks of railways Industrials,” or shares in industrial com- 

which are paying a good rate of interest on their panics, are good for the investor who buys knowing 
ordinary stock. Ordinary stock, whose interest the business and the people who are managing it. 
is dependent on the amount of surplus after They are, however, most liable to fluctuations, 
paying the prior claims of the debenture or prefer- and depend so entirely on the personality and 
once holders, is sensitive to evorj'' fluctuation, but business methods of the manager that they 
a debenture stock carefully chosen can be loeketl nwd to be very closely watched. As an additional 
away and the only trouble connected with it is disadvantage, they are in the majority of cases 
the investing of the money it bring.s in. . over-capitaTisod. 

Kven the best of these debenture stocks Gold Mines. T.rfist of all in the list of 
fluctuate, of (ioiirscs and the golden rule is to he in mom^y outlets come mines, and the best advice 
no hurry to inve.st. Place your money on dep(»sit the investor can have is “Don’t.” A fortune may 

at the hank, which will pay you interest, and be made by investing money in a gold mine, but 

wateh the markets for a little. You u ill find that many thousand fortunes have been lost. To-day 

there is often a high-water mark and a low-water there may be more gold lying about than can be 

mark in prices. When you fc<‘l that the low- water gathered up; to-morrow there may be nothing, 

mark is approaching, step in. It is not possible and long,expcnsiv'e borings may have to be made 

to buy at the lowest price every time, but with before any more gold is toucheS Sometimes there 

judgment you may alvvsys avoid the highest. It m'ver is any more gold. This risk has to be taken 

is a golden rule for the inve.ytor to buy when wdth the best managed and most tnistworthy 

trade in the ])artieular direction has been mines ; but that is not the end of the trouble for 

stagnarit for some time, and the lowness of the gold-mine investor. There has been more dis- 

the price is due to an <*xceptional condition honest w^ork in the form of engineers’ reports 

of things, which in the ordinaiy course will about mines than in all tile rest of the financial 

disappear. w'orld together. A favourable telegram will send a 

Foreign Government Stock. There mine booming in a day. A dishonest directorate 

is another, and rather less safe, market tor spreads the report and sells its shares unostenta- 

those who insist on having a higher rat(‘ of in- tioiisly, and the next day the w ire from the mine is 

terest per c<‘nt. is what you may have witli not so hopeful. Li a week the bubble has burst, 

safety in Kiiglish seeiiritie.s, and 4 percent, if you and those w'lio were inflating it gather up the 

buy with great discretion and iii.side knowledge; .shar(‘s at the bottom pric«* to l>egin ovtT again. 

per cent, or more may lx* had from foreign .Theieareotlierspeculativemarketsof a likenature 

Oovernment stocks, but here the hccurity i.s not which need not concern the investor, whose only 

so good. South American (Governments and rail- concern should be a fair amount of interest, and, 

ways pay a very good percentage, hut in these if possible, a slight appreciation in value, 

countries one must always face the possibilities Distribute Your Savings. It is a 
of a revolution which will upset the existing good maxim in the case of foreign stocks 

state of things and send your stocks down. never to put all the eggs into one basket, especi- 

Ihe day has passed when re.spectahle republics ally when the eggs, being few, are the more 

default or ri'fuse to meet their obligations, valuable. Most countries suffer from periods of 

but there is the w'orry of the thing, the annoy- depression at one time or another, but if one’s in- 

ance (ff having to wait for year.s before a vestments are spread over a wide area these will 

recovery of prices, and the general feeling of bo the less felt. With this idea, and exercising 

insecurity which does not comnuuid itself to the great caution in buying, we should be inclined to 

cautious investor. If you must go in for distribute a sum of £500 somewhat on this 

“ foreigners,” buy Government stocks or railw'ay principle. The first £100, being a sort of reserve 

debentures well siscured or guarantc<‘d by which might be w^an ted at short notice, should go 

Government. Above all tilings, do not buy when into some gilt-edged stock. The next £1(X> might 

the particular country has been booming for bo invested in a railway del^enture stock, the 

any length of time. The boom is due probably third in a mortgage, the fourth in a foreign 

to two or three years of good crops or two or Government bond, and the fifth in a foreign or. 

three years’ tranquillity. Five years of peace Colonial railway debenture. £5(K) thus invested 

does not mean a settled country, and throe good should bring in about £18 to £20 per annum', 

crops do not make an investor’s paradise. It is This works out at an average of nearly 5 per 

pnly fair to say that some of the yr^ath American cent, on the amount invested, which is all thi^a 

republics are becoming settled, and as prosperity prudent man should ask in the way of return fof 

increases the chances of revolt diminish. his investments. 

- . Applied Education concluded 
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THE FATTY ACIDS 

Soap and Saponification. The Food Value of Fat and 
its Explanation.. Acids Derived from Fatty Acids 
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By Dr. C. W. SALEEBY 


\Y7E seem to have wandered far from the fatly 
^ acids, and it is like coming back to earth 
after an excursion into a “ diviner air ” to take 
up the tale at the point at which we left it before 
our quite inadequate reference to the genius 
who, as man, as citizen, as scientist, and as a 
friend of the human ra(^e, has v<*ry few ptn^rs and 
no superiors in history, and who must remain as 
a perfect type “ to the last syllable of n^corded 
time.” But, as he himself was always saying, 
“ 11 faut travailler ” — one must work. 

The Fatty Acids. Two of the higher 
“ fatty acids must he mentioned h<*eause of the 
part which they play in the composition of 
certain very familiar and important natural 
products. These are 'palmitic acid and stearic 
acid. Together with a closely allied body, 
oleic acid, these form part of all natural fats 
and oils, whether vegetable or animal. Such 
fats and oils arc, indeed, none other than 
salts, of whicli the base is provided by 
glycerine and the acid by the acids named. 
Wo now understand why this is known as the 
series of fatty acids. I’alinitic acid has the 
formula C, r.H.nCOOH, and is mo.st commonly 
prepared from palm oil. Its melting point is 
C. At temperatures below this it is a 
white, waxy .solid. Stearic acid is tin* next 
acid but one in the series, and therefore has the 
formula C, Its melting point is 

slightly higher, being about (hi'' Below' 
this temperature its appearance is similar to 
that of palmitic acid, its name is deriv(‘d 
from the (ireek stear, fat, and it forms the acid 
constituent of ordinaty beef fat or suet. 


Saponification. The higher fatty acids 
and oleic a(;id are commonly obtained in the 
course of the process which is called saponitica- 
tion. There is a great deal of complexity about 
the practice of this subject, but from the purely 
chemical point of view it is not so difiicult to 
understand. We begin by a.ssuming that a 
fat or oil consists of the glycerine or glyceryl 
salt of a fatty aeid. If, now', this salt be de- 
composed by means of a powerful alkali, or by 
superheated steam, we shall obtain (1) the 
glycerine (as was seen when w'e were studying 
glycerine), and (2) the fatty acid~or rather 
a nfw salt formed by the union of the fatty 
acid and the alkali. This new salt is called a 
soap, and that is why the process is known as 
saponifi^iont Let us now sec whether this 
can be written out in a form w'hich makes it 
memorable — not memorable in the sense that 
^he reader can leam it off by heart, but in the 
^ sense that, having seen the principle of it, he 
oa^ re-think it out for himself whenever re- 
quired : 


niycerhie - Fat ty aeid 4- Alkali = (Byewine 
Fat 

and Fatty acid-alkali (a salt called soap). 

Similarly, superheated steam splits fats up into 
glyetirine and the fatty acid, hut w o need concern 
ourselves no more wdth the acids in their acid 
form, and may now consider the salts which they 
form with alkalios, and w'hieh are called soaps. 

'Soaps. If wc have a mixture of sodium 
salts of the three aiuds already named, it consti- 
tutes what we (uill a hard soap ; jf, on\he other 
hand, tlui base* be potassium, the physical 
state of the product is ditferent, and we have 
a soft soap. In practice, soap is made by the 
proces}^ of saponification, fats being boiled 
with a strong solution of sodium hydrate;’ 
the products are, of course, soap, glycerine, and 
wat-cr. If, now, common salt or sodium chloridt? 
bo added, the soap floats to the surface in an 
insoluble form, and can be removed when it 
cools, 'the veiy valuable gly<!erine is then 
recovered from the remaiiuler. 

As a rule, a commercial .soaj) contains a vary- 
ing (piantity of free alkali, which adds greatly 
to its ch'ansing propiM’tics ; on the other hand, 
the skin of a baby or the skin of the face of an 
adult— for instaiu*c— is intolerant of alkalies, 
ami therefor(‘ on«* should employ w'hat are 
calk'd super-fatted soaps, which contain an 
exci'HS of frc'c fat. Many good .soaps, also used 
for toilet jnirposcs, contain free glycerine. In 
their manufaitnn*, saponification is performed 
with an alcolmlic solution of caustic soda; 
afterwards the alcohol is evaporated, the 
glycerine n'lnaining intt'rmixed iyith the soap. 

"The rt'ader may ask wlietlu'r it is possible 
to form fats by direct union of their constituents, 
just as salts "in general may l)C formed by the 
union of acids and alkalies. It is pos.sible, for 
the fats may be synthesised by raising to a high 
temperature a mixture of palmitiiJ or stearic 
acid and glycerine. Later wo shall see that- the 
high temperatiin^ is not ahvays necessary. 

Fats and Oils. \V(^ cannot leave these 
very important, substances, fats and oils, how- 
ever, w'it hont flirt h(‘r consiclcration. The reader 
is already aw are tliat a fat Is simply a .solid fixed 
oil, and a fixed oil is simply a liquid fat. The 
word* fired has to be inserted hecau.se w'e must 
distinguish these oils from another series of 
bodies, of which an enormous number are known, 
and which, having a somewhat oily appearance, 
unfortunately have the same word applied to 
them. They are distinguished by being called 
volatile or essential oils ; but even so it is a 
pity that one term is applied to two totally 
different kinds of substances, for the resemblance 
between the fixed and volatile oils begins ahd 

3485 ' 





OHSMISniV 

etkda with the solitary character oi physical ap- 
pearance. Whereas we fixed oils and fats are$alts 
of the higher fatty acids and oleic acid, as we 
have seen, the volatile or essential oils have an 
entirely different constitution. For convenience 
we shall discuss them shortly ^ not because they 
have any relation whatever to the paraffins, but 
merely by way of pointing the contrast. 

The fixed oils are so called because, unlike 
the volatile oils, they cannot be distilled without 
decohiposition. Among the most important of 
their many solvents are ether and chloroform. 
They leave a greasy mark on paper, whereas 
the volatile oils do not. 

Fat in Phyaiology. At the tempera- 
ture of warm-blooded animals, such as ourbclves, 
the fat of the body is semi-solid, so that it might 
just as well be called a fixed oil. For convenience, 
however, we shall simply use the w’ord “ fat ” here. 
Our aoquaintaffoo with the chemical composition 
of fat is enoi^h to show that it is capable of 
yielding a very large quantity of heat or other 
forms of energy when oxidised. Such oxidation 
does not occur on exposure of a fat to the 
atmosphere, oven at the temperature of 08” or 
100° F. ; but it does occur at such a temperature 
within the body. As a matter of fact, fats are 
among the most valuable of all foodstuffs, espe- 
cially in cold countries, owing to the large amount 
of heat which is produced by their oxidation 
within the body? hence the Eskimo lives mainly 
on blubber. Fat is an extremely bad conductor 
of heat, and hence its value as subcutaneous 
clothing. This novel phrase precisely expresses a 
most important function of fatty tissue But 
for its thick coat of blubber, a warm-blooded 
mammal such as the whale could not possibly 
maintain its temperature in the Arctic Seas. 

The Digestion of Fata. It is very 
remarkable and interesting that the process of 
saponification should have been performed daily 
in the animal body millions of years before it 
was discovered by chemists. Fat, having under- 
gone no change in the stomach, is subjected 
to an alkaline medium in^the bowel, and in this 
medium there is contained a small proportion 
of a ferment called etea'psin, produced by the 
pancreas. This ferment, acting in the alkaline 
medium, splits .upf practically every molecule of 
the fat of the food into fatty acids and glycerine, 
and a certain amount of the fatty acids is 
neutralised, with the formation of wap. This 
soap is absorbed by the cells that line the wall 
of the bowel, and by tlioit activity is again split 
up, and helps to form fat again within them. 
The unneutralised fatty acids and the glycerine 
are also taken up by the living colls, and are 
immediatelv recombined into fat at a tempiera- 
ture far below that necessary for the synthesis 
of fat from fatty acids and glycerine outside the 
body. Shortly after living cells of the bowel 
have been exposed to a mixture of fatty acids 
and glycerine, globules of fully formed fat or 
oil can be seen in their interior. Taking the 
average, it may be said that, of e total quantity 
of l&t taken in the best form, which is 

that of an emulsion (the tat in milk, for instanoe, 
is emulsiffed), the bowel is found, 6nly seven 
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hours later, toooxitidnpnl^l26peroeiit. of neutrat 
fat undecomposed, 72 per cent of fatty acid 
and glycerine, and 3 per cent, of soap. 

Melting Points of Fats* may ako 

briefly note th^ the food value of various 
fats or fixed oils is largely determined by 
their melting point. *'The lower the melting 
point of the fat ^he more completely is it 
ab‘ orbed.’’ The explanation of this," of course, 
is that a fat which is fluid at the body tempera- 
ture is more easily taken up into the blood than 
one which remains more or less solid. The follow- 
ing, quoted from Hutchison’s ** Food and the 
Principles of Dietetics,” are illustrative examples : 


Fat. 

Melting point. 

Percentage 

miabsorbed. 

Butter . . 

37° C 

21 

Bacon 

48° C 

^ 8 

Mutton fat 

62° C 

10 


Cod-liver Oil. There is one fat 

particular which has a special interest for the 
chemist, because medical men tell him that its 
food value, in a thousand cases, is incomparably 
superior to that of any other fat except cream, 
and they ask for an explanation of this. Now, 
from the chemical point of view, cod-liver oil 
is extromoly similar to any other fat. Eighty- 
tive per cent, of it, for instance, is olein, which 
is the familiar fat compounded of glycerine and 
oleic acid, having the chemical name of oleate 
of glyceryl (glyceryl, we have seen, is the name 
applied to the group C ). Ton per cent, more 
consists of 'palmitin and htearin. Plainly, there 
must be some other constituent which explains 
the iKJeuhar value of this oil. The chemical 
explanation is that there is a certain proportion 
of free palmitic and stearic acid in cod-liver oil, 
and no less than 5 per cent, of free oleic acid. 

The Acids of Cod-liver Oil. It is 
the presence of thefe free ac'ids that makes 
the oil so valuable. They unite with the alkali 
in the bowel to form a soap which rapidly 
emulsifies the oil that constitutes 85 per cent, 
of the whole, and which, by emulsifying it, 
greatly facilitates its digestion and absorption. 
Hence, a mixture consisting of 6 per cent, of 
oleic acid and 94 per cent, of olein, is said to be 
as valuable as cod-livet oil itself. It is worth 
noting that better results follow the use of a 
Tather dark-coloured and “ tasty ” cod-liver oil 
than the colourless, highly-purified, and almost 
tasteless oil which can now be obtained. The 
explanation of this seems to be that the more 
expensive oil has had a good deal of its free acid 
removed from it, and is thereby deprived of the 
possibility of that very rapid and easy absorj^tion 
which makes dark cod-hver oil so valuable. 

The Volatile Oils. Let us now discoiss, 
simply by way of contrast, the^ volatile oils. 
They have nothing whatever to do with the oitkm, 
having, indeed, no more in common than that 
they are hydrocarbons, and thus belong to the 
^oup from which the true oils are l^rivedli^ 
^e essential oils, as we know them, axe mix- 
tures of somewhat variable composition. They 
give pl^tB their odours, and are largely used aa 
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p6rbme», Thielr function for the plant ia not 
clearly known, though it is conceivable that they 
may act as protective antisepticB. The type 
member of thblr series is turpentine. Chemically 
. considered, turpentine and many other volatile 
oils are composed of the bodies known as terpenes ; 
the formula of which is in general CioHi.,. 

Fropertiea of Volatile Oils. The 
volatile oils are mostly inhammablc. and 
lighter thkn water. They are very slightly 
soluble in water. They are usually prepared 
by distillation. We have, perhaps, somewhat 
exaggerated the uniformity of their composi- 
tion, since many of them contain ethereal 
salts, alcohols, ketones, etc. ; but terpenes are 
almost invariably present, and doubtless con- 
stitute the common ingredient which accounts 
for the ve^ close and striking resemblance in the 
pharmacological behaviour which is exhibited by 
•'all the members of this group. In general, the 
volatile oils are apt to undergo oxidation on 
exposure to the atmosphere, and among the 
, products of their oxidation are bodies known as 
resins. Various plants yield oleo-resins, which 
are natural solutions of resins in volatile oils. 
Very little is yet knowm chemically about 
terpenes, and their constitutional formula* are 
largely a matter of guesswork. The familiar 
substance known as camphor would appear, so 
far as its empirical formula is concerned, to be 
closely allied to these bodies, since that formula 
.is Cn,H|,jO. It is an extremely interesting 
body chemically, since, while ordinary camphor is 
dextro-rotatory, a k^ft-handed, or loevo-rotatory 
camphor is also known, as well as an optically 
inactive camphor. We may note, also, that the 
artificial sjy^n thesis of camphor is one of the very 
latest achievements of synthetic chemistry. 

Acids Derived from Fatty Acids. 

Wc must now note the existence of certain 
mhstUiUion compounds of the fatty acids. 
The name of these is legion, but wc have space 
here merely to describe a few of them. There is 
a series of bodies which are derived from the 
fatty acids by the insertion of a hydroxyl group. 
On the one hand, these bodies are acids ; but 
on the other hand, in virtue of their possession 
of one hydroxyl group, they are monohydric 
alcohols. The first of these hydroxy -acids, as 
they are sometimes called, is an extremely 
familiar acid, which we have often referred to 
ever since the beginning of our course. It is 
none other than carbonic acid itsolf. We have 
already seen that the term carbonic acid is often 
applied, for convenience, to the body which has 
the formula CO..* and which should rather 
l>c called carbon dioxide, or, better still, carbonic 
anhydride, in order to indica-te that it is the 
anhydride of an acid. The empirical formula 
for the acid is HgCO;^, and we know that there 
is evidence for its existence as such. If we write 
its formula somewhat differently, new light 
is thrown upon its constitution. We shall 
write it thus HO-CO-OH. 

'# Carbonic Acid. This formula shows 
us, first of all, that carbonic acid obeys 


the rule of which we have already spoken 
— ^that all the acids of carbon contain the 
oarl^xyl - group COOH. Secondly, it shows 
us that carbonic acid is really none other 
than hydroxyformic acid. We &iow that the 
formula of formic acid is HCOOH, and plainly 
in carbonic acid the only difference is that a 
hydrogen atom hss been replaced by hydroxyl. 
But this formula actually teaches us more, 
as the reader will be able to guess for himself if 
he draws it in its graphic form, placing the 
carbon atom in the centre*, two of its hands Iseing 
occupied with the atom of oxygen, and the other 
two with the oxygen atoms of the two hydroxyl 
gi’oups respectively. Now, beside this formula, 
let the reader draw another, in which all the 
hydrogen atoms of methane have been replaced 
by hydroxyls. The difference between the two 
formulte will simply be equivalent to a molecule 
of water. In other words, carbonic acid, thus 
considerexl, is none other than the anhydride 
of orthocarbonic acid C(OH) 4 . 

An Omission Repaired. The critioal 
reader will say that he has seen something 
like this before, and perhaps ho will even 
recognise that we arc now making good an 
omission which may have struck him. Wo' 
liavo discussetl the monohydric. alcohols, have 
pointed out that, two hydrogen atoms may be 
replaced l>y two hydroxyls, giving us dihydric 
alcohols, and that three hydrogen atoms may be 
replacwl by three hydroxyls, ^ving us trihydric 
alcohols. There is surely no reason why wo 
should stop here, and why there should not 
be telrahydric alcohols, in which all the hydrogen 
atoms of methane arc replaced by hydroxyls. 
Plainly, orthocarbonic acid is just such ii 
tetrabydric alcohol. True, it is unknown ; but 
wc know its ethyl salt, and wc know that it 
exists potentially. Ix*t us now write out the 
two fonnuUe and compare them ; 


0 

.. t 

! H-O-C-O-H 

I 

0 


/ 



The doitc'd line round the first of these graphic 
formula* encloses the constituents of water, 
and proves to us that carbonic acid is the an- 
hydride of orthocarbonic acid. A few pages 
back we set the reader the task of drawing the 
graphic formula of the trihydric alcohol derived 
from methane, and of cutting out H^O from it 
in such a way as to yield formic acid. If by any 
chance he found this task difficult, he will find 
it easy now that we have written out in full the 
identical process in the case of the tetrahydrio 
alcohol. As the trihydric alcohol is relate to 
formic su^id, so the tetrahydrio alcohol is related 
to carbonic acid. Again we see that there is a 
real simplicity underlying the apparent com- 
plexity of these compounds. 


CorUinued 
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THE ART OF WEAVING 

Preparing’ Warp and Weft Warping and Sizing Cotton, Wool, 
Linen, and Jute. Beaming the Web. Hanj Loom and Power lloom 


Bv W. S. MURPHY 


'T’HE primitive loom, .still used in miny parts 
of the world, is two sticks between whkdi 
row of single threads is stretched so as to be 
clear of the ground. Having wound a thread on a 
sharp-pointed and slender stick about the length 
of his finger, the weaver inserts the small stick 
up between the first pair of warp threads and 
down througli tlie ne.xt pair, twining the thread 
with an alternate movement round every thread 
of the warp t ill he has brought it out at the other 
side. As lias happiuied, the weaver may <dioose 
to pass his weft stick and yarn over two warp 
threads and under one, alternately or succes- 
sively, or may vary the order in any way fancy 
dictates. This is weaving, and the most perfect 
machine contrived can do no more ; in truth, 
some men with three sticks and an artistic soul 
have produced cloths which compare favourably 
with the bcist products of our power-driven, 
daboratoly-contri ved looms. 

WefL Ihe yarn which forms the cloth by 
crossing the warp is we/t. Sonudimes it is called 
because it fills up the spaces between 
the threads of warp. That portion of yarn set 


apart as weft is wound on to pirns, or formed 
into cops, by any of the winding'frames we have 
already considered. Though very important, 
the winding of wefts calls for no skill, unless 
it be the skill of the mechanic to see that the 
automatic machines are doing their work 
properly and to keep them in good order. 

Warp. llecaiise warp extends continuously 
throughout the whole length of the web and forms 
part of the loom, it is commonly looked upon as 
the backbone, the mainstay, the strength of the 
cloth. Ihit the student must at once get rid 
of tliat notion ; flic warp may, as we have seen 
in our study of design, be tlic weakest and least 
valiiabJc constituent of the .clotli. Owing to 
causes which shall he shown, warp requires 
mon^ (‘lahorale treatment than widt ; but the 
most valuable elements arc? not always those 
whi(?h give the most trouble. 

Several kinds of cot Ion- warping machines 
have been invented and put into use. With 
threads so fine and slender, breakages are 
dififieult fo detect and prevent ; but not one 
thread can be spaced from the warp. 



165. COTTON WABPING FRAMES (Horrockses, Crewdson A Co., Ud., Preston) 


3488 





TBXTILIH 


Colton Warping Machines. All the best 
warping mills are constructed so as to stop 
automatically when a single thread of the warp 
bi^eaks. We take for study the warper originally 
invented by Singleton, of Darwen, and improved 
by later machinists in' various ways. It is a 
small machine [165], Behind is set the bank, 
or creel, containing tfie bobbins of warp threads. 
Thence the threads arc led through a comb or 
reed of vortical teeth, which separate the 
threads from each other and act as guides ; 
further forward,- the warp pass(‘s ovc'r a wide 
roller, under what arc called tlio drop rollers, 
up over another roller, which guides the threads 
under the arches of little pendant wires which are 
kept in position by the support of tlie threads. 
Beyond is the warp beam, and upon it the warp 
is wound. We can watch the driving and stopping 
mechanism in motion better than i\y going ovtT 
each part. At the bottom of the maclunc is a 
treadle ; by pressing it, we bring the friction 
pulley into contact with the fri(!tion plate on 
the drum shaft, which starts the macJiine and 
calls the drop rollers 
into position. The warp 
moves through the 
machine like a broad 
stream of snow. Sud- 
denly a thread giv<*s 
way ; down falls tlu* 
wire, its lower eiul 
causing the rollers be- 
low, called nip rollers^ 
to fall out of gear. The 
front nip roller bears 
with it the lever acting 
on the slide bar of the 
friction pulley, and sends 
it out of touch with the 
friction plate, stopping 
the machine. Tli<‘ drop 
roller has gone down and 
gathered up the sla(tk of 
the warp, so keeping it 
regular and even. 

* The purpose of wav]»- 
ing, as may he observed, 
is to make a certain Icngtli and number of tlireads 
lie evenly on a beam ; this is the important, point. 
The methods adopted may vary, as in forming 
chain warp 1166), though the one given is the 
most common and quickest in the cotton trade. 

Warping Wool. The old-fashioned warp- 
ing mill of the woollen trade is a vertical reel, 
20 ft. 'll cireumference, formed of long rods 
fixed on spokes projecting from the central 
spindle like a gigantic lattice wheel. This 
rc!el is called a two-striny milU a string being 
10 ft. in length. Newer reels are horizontal 
and may bo two-string, three-string, or any 
fraction of that measure. Setting his yarn 
bobbins oa the hank^ as the tall frame for 
holding bobbins is called, the warper leads the 
threads through the eyelets of the guide pins, one 
above the other alternately, leaving an open 
space. Having determined the size of the 
bunches we want to make — it may be 30, 40, 
50, or 60 — we tie them together, and cross on the 
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top pins so as to form the length. Now set the 
creel in motion, and let it wind on the length 
of warp. This done, take the lease again ; 
repeat the reeling till the whole warp Is formed. 
When we have made the body of the warp, 
we reel enough of a strong yarn to make the 
or fidvedge, wliich protects the sides of the 
cloth. 

A Modern Wool Warping Mill. An 

ingenious horizontal warping mill [167] has 
lately come into iisi*. The Umsion of the warp 
is apt to become irregular, and to obviate this 
a se(*tional dividing liead has been devised. 
Wlien tlu^ required number of bobbins have been 
placed on tlie (U’eel, the thread is passed tlirough 
th<‘ leasing-rod and reed, or heck, then- through 
the patent dividing head, which is provided with 
an arrangeme*nt capable of being adjusted to the 
exa(*t width of the section to be wound. As 
each sucecssivi^ layer of yarn is laid on the mill 
it is guided further up the incline. The first 
st‘ction being complete, by an ingenious arrange- 
ment tlu* dividing heacl is moved the exact 
width of the section. 
It is gauged so accu- 
rately that it is im- 
]) 08 sihle to see where 
the sections are joined. 

Linen and Jute 
Warping. The w'arp- 
ing of linen and juU* 
may be done either on 
the cotton or woollen 
warpiu’. In actual prac- 
tice we find that the 
cotton warper is more 
frequently used in* the 
best linen factories, and 
the woollen mill ' is 
nearly always used in 
jute manufacture. But, 
having understood the 
principle of warping, the 
l(5arner finris no diffi- 
culty in operating with 
any kind of warping 
mill. 

Siting. When cloth was woven by hand, the 
o]>eration we name sizing was called dressing. 
The sole obje<ft of the dressing in those simple 
days was to strengthen the warp for its labours 
in the loom. All the stress of tension, all the 
vibration of the weaving has to be borne by 
the warp, the weft suffering very little friction. 
It was found that, by coating the warp with a 
simple gluten, or starchy substance, such as 
may be made with water and flour, the thread.*? 
were str(‘ngthencd. When Hio maehino factory 
system was introdiurcd, this operation of dressing, 
or sizing, was found very troublesome, because it 
required to be done by hand, and numerous 
accidents constantly occurred to mar the 
efficiency of the work in the dressing-room. 
Hand sizing is done by the application to the 
warp of brushes containing a smear of the 
paste. This was the operation which was 
first made mechanical; but experience taught 
boldness, and sizing is now done, in all the 
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textile trades, by the immersion of the yarn in 
a bath, elearing and drying appliances being 
relied on to take away the supi'rflnous size. 

Sizing Cotton. Sizing is earri(‘d to the 
finest point of seientitic application in the cotton 
trade. We may divide* sizing into three grades : 
(1) U(jht the object of which is to lay the 

fibres and give th(‘m coherence ; (2) medium 

dzing^ to add to the body of the fabric; {'^) 
heavy dzing^ to increase the W(‘ight, solidity, 
and density of the cloth. In sizing, we have to 
aim at three objects. First, we Avish to make 
the threads of the warp hold firmly together, and 
for this purpose use any kind of starchy sui)- 
stance, such .as wheat flour, farina, rice flour, 
sago, or maize, finely disintegrated, so as to 
enter the body of the yarn; secondly, the yam 
should be softemul and made smootli by mixing 
into the size any suitable vegi'tahle oil or animal 
fat ; and, thirdly, the size must be prevented from 
rotting the yam, and an antiseptic should Ik* 
put into the mixture for that jmrpose. We 
give the jirineiples of sizing only, beeause every 
manufacturer has his oivn reeijK^ for the mixture. 
China, clay is almost the universal medium of 
loading, or heavy sizing. 

In the sizing bath itself, wc find nothing new* ; 
it is a vat containing hot size, ecpiipped Avitli 
rollers to guide and dip the warp threads well 
into the liquid. But the main trouble which the 
warp dresser lias always tmeountered 
occurs in the diying of the sized warps. 


Mildew, inequality of texture, and other minor 
evils, nniy attend the o]Kaation of sizing, and the 
object of the machinist has been to make a sizing 
machine which would obviate these evils satis- 
factorily. iSteam-heat(^d (cylinders, hot-air cham- 
bers, and cold air, have been adopted, and used 
in several ways. . In the first, whicli is the oldest, 
tlie warp jwisses from the size trough through 
(he fiannel-i'overed clearing rollers round two 
steum-heated eylindei's, shealh<‘d in copper or 
brass, thence passing into the teeth of the reed, 
and round the bt‘am again. Hot-air sizing 
inapliiiies substitute the liot-aii* eliambors for 
the eylinders. the air being drawn through hollow 
ehainbers over steam tubes. Tn the manage- 
ment of these sizing and drying machines [158| 
much practical skill and Avatchful care must be 
exercised. 

Wool Sizing. The sizing of Avoollen warps 
is dressing in its purest form. The sole object 
is to. make the threads smooth, strong, and easy 
to Avork. But the yarn is of such an ofxm 
structure tJiat Ave must ap])ly the size firmly and* 
liljerally, yet Avith judgment, to get good results. 
This sizing machine differs in some important 
particulars from that of the cotton manufac- 
turer. When the avooI issues from the size bath, 
it passes Ijetween the clearing rollers, through 
brushes th.at gently smooth off the size, round tne 
Btesam-heated diying cylindt'r, and tlirough the 
comb on to the Avarp beam. 
The main constituents of the 
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size aro flour and water, though some use a thin 
glue made from rabbit .skins, (ilood dres.sing 
and efficient machines are very important to tJu* 
woollen manufacturer. 

Linen Sizing. Irish mos.s is largely used 
in the making of linen size. It is a siaweed 
growing abundantly on the west and north-west 
coast of Ireland, in parts of the western coasts of 
EiiroiJe, and on the eastern seaboard of Anuu’iea. 

In many linen factories, sizing and beaming 
are done in one o[x^ration. One of the tiiiest of 
the machines for the ])ui’]3ose is what may be 
dcjscribc^d as a doable dreHsiwj machine^ though 
it produces only one warp in tlu? o]M‘ration. 
As it includes most of the lx*st features of 
the newest contrivances of its class, we sludl 
give close attention to the* structure and mode 
of working. 

In the centre of the macliine tlio weaving 
beam is hung, with an expanding roller resting 
'upon it. On each side of it are tlie drying 
steam chests ; further along are the clearing 
brush rollers ; furtlier still, tlio trough.s of size*, 
and beyond, at both ends, a pair of warp 
rollers. From the warp banks the threads are 
led in through guides, down round thii roller 
running in the trough, up Ixjtween the pressing 
rollers, through among the hairs of the revolving 


brushes, over the dry- 
ing chests, and up on 
to the weaving beam. 
Thus a warp of linen 
is at once &izod and 
beamed. 

Jute Sizing. Jute 
differs from almost any 
other textile fibre in 
that it is much used 
in the green or unsi/xx! 
state. The fine spun 
yarns however, wliich 
those who desire the 
advancement of the 
fibre favour, are sized 
on a very simple sizing 
and beaming machine, 
something like a single 
side of the linen 
machine described 
a bo ve. The size most 
commonly used is a 
thin farina pasle.. 
Beaming, Tii most i*lasse» of cloth luanu- 
factun*, beaming is a simple process fl59]. As we 
have shown, heaming may Ix^ cornhiiicd with dress- 
ing or sizing. It would be a mistake, however, to 
su))pose that beaming rixpures no practical skill 
or no selection of machines. There are good 
bi^ainers, good machines, and machines in- 
efficient. Oencrieally, beaming is the passing of 
a warp or war])s through a regulating series of 
verti(!al pins, variously named the reed., heck, 
wraithe, or raddle^ on to a weaving beam. But 
in that sijnple act there are difficulties to be over- 
(tome am* errors to he avoided. For example, 
if a part of the warjj becomes slack throtigh liny 
cause the weaver’s work is spoik^d. Tension, 
equal and regular, is one of the most im}X)rtant 
requirements in Ix^aming, and it is not always 
easy to secure. Threads may break, and in that 
ca.so a hole w ill a]>pear or a lost thread will run 
through a large part of a web. The bcamer 
must exercise groat watchfulness. On some 
l)eaming machines the wire stop-motion is set ; 
hut on others the lx*amer has to depend on his 
own eye. Coloured warj)s, for stripc'S and checks, 
call for care and w atchful control. To become an 
efficient beamer is to be a skilled workman. 
Observe the }X‘rfect regularity of the threads on 
the beam [160]. 
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The Hand Loom. Before we can under- 
stand the power loom and its numerous com- 
plicated mountings; we must know the hand 
loom thoroughly. Many modern looms have 
almost lost their character as looms, and have 
be.come what one might j)roporly call eloth- 
making machines. Wt? do not puri)osc going into 
the history of the loom, but intend to stucly the 
hand loom 1.161 J os it is at present in use. Kor it 
should be clearly undorsto^ that the hand loom 
weaver still plies his trade, even in London, the 
heart of moriern civilisation. Hand looms arc 
used in the best Victories for the testing of new 
patterns. The loom is supported on four posts ; 
neavy looms have six j>osts, for reasons which 
we shall see. Between the two fotv posts the 
cloth beam is supported in a bracket which 
allows it to turn freely on its own axis. On the 
end of the lx*am is a plate with toothed edge, 
into wliieh a strong clutch 
grips. Along the heads of 
the supporting posts runs 
a strong framing, and from 
this dejKUids the batten or 
ddjf or /rtf/, as it is 
variously called. Two flat 
pieces of wood depend 
vertically from a cross 
l>oam moving easily on the 
frame above, and on their 
ends is tixed tlie slay, 
which holds the shuttle 
boxes and the reed, and 
forms the shuttle race. (Jn 
each end of tlie slay is a 
shuttle box. It is rather 
more than a foot long, and 
along its centre is a steel 
spindle, securely fastened 
at both ends, and above 
the level of the shuttle. 

(In this spindle sits tiie 
picket^ a Y-sha|x^d piece of 
wood, or hard ItNither, anti 
cords are run through its heads along to a 
handle in the middk? of the loom. Keeping our 
eyes meanw'hile on the slay, we note, under the 
strong head extemliiig from one shuttle box t(» 
the otlier, a series of vertical wires embedded 
in tw'o liorizontal latlis. This is the reed, whose 
double function is to let through the warp and 
press home the weft. The; Hangtid ledge below 
the reed is the shuttle race. Beliind the slay 
hang twQ or more healds. A heald is t5om])osed 
)1 twTQ slats of wood, held together by closely 
set cords, about 10 in. long, betwetm the shafts ; 
the cords are vertical and the shafts horizontal. 
In the middle of each c?ord is a little eyelet, 
generally of brass. The healds hang from tij(? 
loom frame, and cords extend from the ends of 
the healds to treadles below the loom. At the 
buck of all sits the warp Ix^am, with weights at 
each side to regulate the delivery of the w'arp. 

Warp and Weft in Hand Loom. We 
return to look more closely intc the loom. 
The warp passes through the eyelets in the 
liealds in a certain order. For simplicity, let us 
suppose this a jglain loom with two healds. 
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E^ery alternate thread passes through the eye- 
lets of one heald, and the other half of the warp' 
passes in like manner through the second heald. 
if the first heald can be depressed w^hile the 
second remains stationary, the warp wdll be 
opened up into two halves with a space between, 
'riiat is precisely what the depression of one of 
the tr(*adles is designed to do, and the opening 
(caused is called the shed. Having got our warp, 
w(‘ now demand the weft. This is supplied by 
the shuttle, a piece of wood, tipped at both ends 
with iron, hollow’ed out to hold the pirn or cop, 
with an eyt‘Iei pierced on each skit* near the tip 
to let the thread through. Fix in the wxdt pirn, 
suck the thread through the sliuttle eye, twine it 
in the selvedge w^arj), shove the sliuttle into tile 
shuttle box on the slay, pushing the picker back 
along its spindle, and make ready to begin. Take 
liold of the handle, from the wrings on the head 
of which extend the cords 
to drive the pickers on 
botli sides ; grasji w'ith the 
left hand the head of the 
slay ; put your feet on tin* 
treadles. With the riglit 
foot depress the treadle, 
and see tlie warp making a 
shed by the depression of 
the heald ; give the handle 
a, quick jerk to the left, 
and the picker strikes the 
shuttle a firm blow, send- 
ing it Hying across the 
loom, through the shed, 
leaving along its course a 
lin(‘ of weft ; draw the 
slay forward and drive 
lionu* th(‘ weft thread ; 
you lijive woven a pick. 
By depr(‘ssing the second 
heald with the left foot, 
you cross tin* warp over 
the wi*ft, and hy bringing 
back the shuttle with a 
stroke of tbe liaiidl from left to right, you put 
ill aiiotluT ])iek. Weaving is nothing more than 
a e(mtiniu*d repetit ion of these aistions. 

The Power Loom. So large a part does 
the human factor play in weaving with the hand 
loom, tliat. the possibility of employing auto- 
matic machinery for cloth manufacture seemed 
very remote? for a long time. Hands, feet, body, 
and brain are actively employed by the weaver 
on his loom. The history of the development of 
the power loom reads like a romance ; but tips 
is not the jilaco for thi? story. In all the histories, 
the Rev. Kdmund (.'artwright figures a.s the first 
inventor of tin's wonderful machine, though later 
investigations have; brought the claims of other 
men forward for sliare in the honour. Keeping to 
our nuithod of proceeding from the simple to the 
complex, we shall examine a plain power loom 
fl82], and afterwards study some of the more 
important additions and improvements. 

A Plain Loom. Instead of presenting its 
working parts to the outward view, like the hand 
loom, this loom has most of its working parts 
inside. A strong iron frame contains the loom. 
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riirough the centre extends the driving shaft, treadle grate the ends of the levers work up 
its bearings in the sides of the frame, and pro- and down, while their heads are held by a rod 
jcHiiting out to take on the driving and lot>so lixed in the hinder end of the frame. At the 
pulleys. On the shaft are the eranks whieh back of the loom sits the warp Ix^aiii, and in 
control the movc'-ments of the slay, the latter front of it is the (uirrier roller. Between the 
being held on tlie rocking rail, an<l supported by earrier roller and the sl iy is a space bridged 
slay swords, projecting upward froin the bottom over by the lu-ald shaft. On tliis the healds are 
of the loom. xVttiwhcd to the slay sword is a ])in hung, tlie lower shafts being eonneoted with the 
working in a slotted lever, a catch from which treadles. At tlie side of the loom is the small 
actuates the ratchet wheel, conne(;ted with the projecting lever wdiieh puls the jmlley in or 
change wheel acting directly on the wheel on the out of gear. 

end of the roller above the cloth-beam. The roller Improvements. A careful study of the 
is borne down on the cloth-beam by weights, and parts of this loom reveals several points where 
turns it by friction. This means that the cloth- development could begin and where mobility 
beam will take up just in proportion to the could be given to the mechanism. The starting 
number of picks we may determine. The actii- lever gives a hint which meehajuics were not slow 
ating w'heel is a change wheel, and may have any to accept, and now, on nio.st looms, the aiitoinfitic 
number of teeth from 
20 to 70. if a thin 
distribution of weft 
is desired, a quick- 
change wheel is pul 
on ,* if the weft is to 
be close and Hnn, 
tlie wheel witli the 
fewest teeth is put 
on. In structure, tlu‘ 
slay of .the plain 
loom differs little 
from that of th(“ 
hand loom. We 
have seen how the 
slay and eloth-l)eam 
are aetiiatod, hut 
cloth could not Ik‘ 
woven by these 
alone. Below the 
main shaft, and de- 
riving power from 
it by a pinion wheel, 
is anotlier shaft 
whieh luis for its 
share of tlu; labour 
the driving of the 
j)i(;kers and healds. 

First, on the shaft, 
just inside the frame 
at both sides, are 
the picking cones, 
their points set 
opposite to ear} I 

other, so that they will strike alternately. From slop-motion fork is fitleil. Through a grating 
the head of the loom the vertical shafts on in the slay, hetweim the end of the shuttle box 
which the picking arms are fixed descend, a howl and the reed, comes a hook, always lifted up 
on the end of each. When the cone strikes the by the weft from the shuttle. When jthe weft 
howl it cause.s the shaft to turn lu.lf round. A breaks, the fork remains iixed and acts upon a 
leather thong eonnects the picking arm with the lever, which in turn acts on the starting spring 
pi('ker at the end of the shuttle box. \Vhen at lever vve have mentioned. The shuttle box lias 
re.st, the picking arm is just in jiosition fora also been reformed. TJie drop box was a part 
stroke. At the sharp stroke of the cone on the of the hand loom, hut the power loom 
shaft below, the picking shaft turns round, mechanics math) six drop boxes, and then 
directing the arm which strikes the picker and resorted to a revolving shuttle box. The 
drives the shuttle. This shaft has still another boxes are brought into position by a simple 
duty to perform ; besides driving the shiittle, arrangement of spring lovers, which can be .set 
it also moves the healds. On a bo.ss in the to bring the required shuttles up at the proper 
centre of the .shaft two eccentrics are fixed moment. In this way many wefts of different 
which alternately depress two levers. In the colours can be woven at once. 

Conliniied 
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f SPANISH By Amaila de Alberti 


VERBS 

Conjugation of Ser, To be 

Infinitive Geritxu Past Participle 
«€r, to be Aiendo^ lieiiig aido^ bet^n 


Indicative Mood 


Present 
soy, I am 
eres, thou art 
es, he is 
stjmos, we are 
sots, you are 
son, they are 

Past DefirAte 
fvi, I was 
fuiste, thou wast 
fue, he was 
juiffioH, w(3 were 
fuisteis, you were 
fueron, they were 

Conditional Mood 
seria, 1 should be 
sertas, thou wouldsi be 
seria, he w'ould be 
seriamos, we should be 
serials, you would be 
serian, they would be 


Imperleet 
era, I was 
eras, thou wast 
era, he w»is 
eranws, we were 
erais, you were 
ernn, they w'ere 
Future 

sere, I shall be 
serfis, thou w ilt Ih'. 
sera, ho w ill be 
serhfios, we sh ill b<» 
serHs, you will be 
serun, they w ill be 

Imperative Mood 
se, be (thou) 
sea. lei him be 
seanuhH, let us be 
sed, be (you) 
sean, let them bo 


Subjunctive Mood 


Present 

sea, I may be seamos, we may be 

seas, thou mayst be sedis, you may be 
sea, he may be .mm, they may bo 

Imperfect 

fuera, or fuese, I might be " 
fueras, or fueses, thou mightst be 
fuera, or fuese, ho might be 
fueramos, or fuesemos, we might be 
fuhais, or ju eseis, you might be 
fueran, or fuesen, they might be 
Future 

fuere, when I shall bo 
* fueres, when thou wilt bo 
fuere, when he will be 
fueremos, when we shall be 
fuereis, when you will be 
fueren, when they will bo 
The compound tenses are formed by adding 
the past participle sido (been) to the verb 
haber. , 

he sido, I have been 
has sido, thou hast been 
ha sido, he has boon 
hemos Mo, we have been 
hahM you have been 
han Mop they ha ve been, etc. 


Tener, To have. The verb tener, as already 
explained, regularly represents to have as a 
principal verb, signifying possession ; never- 
theless, it is constantly used instead of the 
auxiliary verb haher. For instance^ the phrase 
“ I have bought many houses ” may be correctly 
rendered He comprado muchas casas, or, Tengo 
C4)mpradas muchas casas, the only difference 
being that the participle camprado (bought) is 
variable when used with tener, and invariable 
with haber. 

Tener is also used idiomatically in Spanish in 
many cases where the verb to he would bO used 
in Englisli. 

Examples : 

tener frio, to be cold (literally to have 
cold) 

tener Jiamhre. to be hungry 

tener sed, to be thirsty 

tener razon, to be fig&t 

tener culjui, to be in fault 

tener miedo, to bo afraid 

te.ner edad, to be old 

tener Idstima, to be sorry 

tener vertjiienza, to be ashamed, etc. 

Conjugation of Tener, To have . 

Infinitive Gerund 

tener, to have teniendo, having 

Past Participle 
tenido, had 


Indicative Mood 


Present 
tengo, T have 
tienes, thou hast 
tiene, he has 
tenenvos, we have 
teneiff, you had 
tienen, they had 


Imperfect 
tenia, I had 
tenias, thou hadst 
tenia, he had 
teniamos, wo had 
teniais, you had 
tenian, they had 


Past Definite 
tuve, T had 
tuviste, thou hadst 
tuvo, he had 
tuvimos, we had 
tuvisteis, you had 
tuvieron, they had 


Future 

tendre, I shall have 
tendrds, thou wilt have 
tendrd, he will have 
tendremoa, we shall have 
tendreis, you will have 
tendrdn, they will have 


Conditional Mood 


tendria, I should have 
tendrias, thou wouldst have 
tendria, he would have 
tendriamos, we should have 
tendrils, you would have 
tendrian, they would have 









UINQUAQBS--SPANISH 


Impbrativb 

ten, have (thou) tengamoSf let us have 

tenga, let him have tened, have (you) 
tengan, let them have 
Subjunctive Mood 
Present 

tenga, I may have 
tengas, thou mayst have 
tenga, he may have 
tengamod, we may have 
tengdis, you may have 
tengan, they may have 

Im'perfecl 

tuviera, or tuviese, I might have 
tuvieras, or tuvieses, thou mightat have 
tuviera,^ OT tuviejte, he might have 
tuvieramos, or tiiviesefruM, we might have 
tuvierais, or tuvieseis, you might have 
tnvieran, or tuviesen, tney might liave 

Future 

tuviere, when 1 shall have 
iuvieres, when thou wilt have 
tuviere, when he will have 
tuvihemos, when we shall have 
tnviereis, when you will have 
tvvieren, when they will have 

The compound tenses are formed hy adding 
the past participle lenido to (he simple tenses of 
Jiaber. 

he lenido, I have had 
has lenido, thou hast had 
Im lenido, he has had 
hemos lenido, we have had 
haheis lenido, you have had 
hin tenid<*, they have liad, etc. 


Vocabulary 

Avarice 

Prodigality 

Truth 

Calumny 

Caprice 

Apathy 

Activity 

Laziness 

Pnidence 

Imprudence 

Illusion 

Deceitful 

Credulity 

Incredulity 

Dexterity 

Clumsiness 

A braggart 

Conscience 

Cordiahty 

Curiosity 

Discouragement 

Despair 

Disgust 

Disobedience 

Impudence 

Boredom 

Eloquence 

Enthusiasm 

Erudition 


Vocabulario 

La avaricia 
T^a prodigalidad 
La verdad 
La calumnia 
El capriclio 
I^a apatia 
La actividad 
La pereza 
La prudencia 
La imprudencia 
La iiusion 
Ilusivo 
La crediilidad 
La increduUdad 
La destreza 
La torpedad 
Un a valent/’ do 
Ijh conciencia 
l>a cordialidad 
1^ curiosidad 
El desaliento 
I^a desesperacion 
El disgusto 
JjA desobedieiicia 
El descaro 
El fastidio 
La elocuencia 
El entusiasmo 
La erudici6n 


Indifference 

La indiferenoia 

Infamy 

La infamia 

Innocence 

I^a inooencia » 

Insolence 

La insolencia 

Jealousy 

Los celos 

Cowardice 

La cobardta 

Liberty 

La libertad 

Malice 

I.A malicia 

Forgetfulness 

El olvido 

Thought 

El yiensaraiento 

Presumption 

La presuncion 

Cleanliness 

El aseo 

Dirtiness 

El desaseo 

A lie 

Una meiit ira 

Modesty 

Iji modestia 

Sloth 

La ociosidad 

Originality 

Li originalidad 

Fear 

El miedo 

Presence of mind 

I..a preseneia do es 
piritu 

(iralitiide 

i..a gratitud 

Remorse 

El remordimiento 

Wisdom 

La sabiduria 

Foolishness 

La nceedail 

Timidity 

La timidez 

Vanity 

Li vanidad 

Zeal 

El celo 

Heroism 

El heroismo 

Simulatjon 

El fiiigiiniento 

J)is.simulatioii 

El disimulo 

To remedy 

Remediar 

To surpass 

Sobnqmjar 

To judge 

.luzgar 

To finisli 

('oncluir 

To contend 

PorHar 

To persist 

Persist ir 

To inquire into, to 
asecTtain 

Averiguar 

Meditation 

meditacion 

To i:x{iggera1,e 

Pt)nderar 

To liarangiie 

Arengar 

•^Fo chat ten* 

(harlar 

To scream 

Gritar 

To relate 

Helatar 

To count 

Contar 


Exercise XL (1) 

Translate the" following into Spanish: 

1. Love of money brings avarice. 2. To 
trae 

be t>rodigal is not always to he charitable. 3. 
Activity overcomes apathy and laziness. 4. To 
be deceitful is to have little eonsoience 5. 


Incredulity is a strange t hing. 0. Curiosity denotes 

demuestra 

an imagination little occupied. 7. Despair is 

not Christian. 8. Many speak, few arc eloquent. 

9. Enthusiasm makes man heroic. 10. Erudi- 

hace 

tion is not always ^%uadom 11. Jealousy 

makes thp misfortune of the jealous. 12. Zeal 
hacen 
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is a virtue. 13. Gratitude denotes noble senti- 


ments. 14. In danger presence of mind is 


worth much. 15. Remorse (does) not remedy 

remedia 

the evil done. 10. Foolishness is always proud. 


17. Vanity is silly. 18. Sloth is the mother of 
all vices. 19. Cleanliness is a great qu'ality. 


20. Dirtiness is di.sagreeable. 21. Thought is 


given to man to guide him. 
dado goiar . . . 

Exercisk XE (2) 

Translate the following into English: 

1. Tengo edad, soy vieja. 2. Tenemos hamhre 

Coman pan y came. 3. j No t ienen la culpa, 
yo soy culpable dtj cse crimen ! 4. Tengo 

vorguenza dc haber hablado eii contra de mi 
vecino. Estoy avergonzado. 5. Tienen razon, 
Hoy razonable. 0. Tengo sed. Bebe agua y 
vino. 7. jTengainos pacieneia ! 8. Eres tonto, 

de hablar asi. 9. Es una inuger hermosa, y 


tienc dinero. 10. Somos dichosos de tener iin 


))adre tan c6lebre. 11. S(‘ran castigados por 
sus crimenes. 12. Seria un hombro de talent o 


si no iuviera tanta vanidad. 13. Fuisle amabh; 


de cantar. 14. Es un avalentado, y un meiiti- 


roso. 16. i Tenganios valor ! 10. La origin- 


alidad en un literato cs una gran cualidad. 


17. El amor de la libertad cs natural al hombre. 


18. La insolencia es imperdonable. 19. Us 


bueno averiguar la verdad. 20. A veces cl 


pondcrar iloga a scr inentira. 21. Es bueno 


ooiitar su dinero antes de gastarlo. 


Key to Exercise X. (1) 

1. Estaraos escuchando cse predicador quo es 
muy caritativo. 

2. Tengo f6 en eso hombre, 

3. Un hombre debe de ser digno en riqueza, 
y en Ja pobreza, y tener esperanza y ambicion. 

4. Un hombre de ciencia*es rido. 

o. EJ ser rico no es siempre ser caritativo. 
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6. Esos hombres estaban interesados en el 
banco, pero ahora han perdido su ihterds. 

7. Ese joven ha tenido ambicidn ; su padre 
bubo de ser ambicioso. 

8. El arquiteoio tiene escrtipulos de haber 
firmado cl contrato. 

9. Estamos acobarda(Jos por el tcraor dc 
la muerte. 

10. Ese hombre debe do haber esiado enfermo. 

11. Estaba hambriento. 

12. Estan jugando con los nines. 

13. Esta on eama con ealcntura ; llama 
al doctor. 

14. Despiios de haber matado al larlron, 
estuvimos temerosos. 

Key to Exercise X. (2) 

1 . After having eaten wo went for a walk. 

2. To have sung, and to be crying. 

3. I am seated with my hat and overcoat on. 

4. I have been charitable ; I have given bread 
to the children. 

.5. 1 had gone out with my dog, the collegian 
being at homt‘. 

(>. I shall have to have a horse ; you willhavo 
to buy a mule. 

7. We have to inherit much money. 

8. We have killed the thief. 

PROSE EXTRACT IX. 

From “La .Armada Inveneihh*,” by Cesarco 
Fernn-ndez Duro. 

.As iti historical Porque en los 
studies small points (‘studios historioos lo 
as w(‘ll as great should pequcMAoi'onio lo grande 
be cl(*ared up, it will d(‘b(‘ eselarec’crse, no es 
not be idl(‘ to exainiiu; oeioso invi‘stigar la 
the justice of the razon de los cargos 
eharg('S of vanity de vanidad y arrogan- 
aiid arroganc(^ hnaighi eia ([ue eon epigrarnas 
against us iu epigrams nos han heeho algunos 
by some, on account of nor el adjetivo hi])*‘r- 
Ihe exagg(‘rated ad- holieo de inrfyirihle 
j(H tive of “ invincible ” aplicatlo a la Armada, 
applii'd to the Armada. 

4’he dot! umeiits given l.iOs doeuuu'ntos que 

in this work show with actnnpahan al presente 
what seri(jusness the es(*rito mucstran la 
King of S})ain prepared seriedad eon que cl 
the expedition, ttrmly Rey de Espaha pre- 
resolvf^d to obtain satis- paro la expedieidn, ' 
faction for the injuriivs lirmenu'nte resuelt-o a 
he had received, but satisfacerso de las in- 
with the nol>iliiy of the jurias que habia recibi- 
strong and the clear do, pero con la nobleza 
conscience of one who del fuerte y la con- 
ha^ first exhausted all ciencia del que antes ha 
means of conciliation, agotado los medios de 
fn the oi*d(a’s, inslruc- eonciliacion. En las 
tions and letters there ordenes, instruc(jiones y 
is no haughtiness of cartas no hay altivez 
language nor presura p- en la frase ni presun - 
tion as to the issue ; cion en el 6xito ; ni sc 
the strength of the desprecia la fuerza del 
enemy is not de(ui(*d eneinigo, ni se encomia 
nor his own. extolled, la propia. D. Felipe 
Philip considers their las considcra en ogn- 
condition, practice and diciones, en prictica, 



relative dispositions, 
' as the soldier and poli- 
tician must always con- 
sider them, calmly 
calculates tKe strategy 
and risk required to 
make his own strength 
superior, and having 
completed his plan to 
his own satisfaction, 
commits the result to 
the hands of Ood, 
“ Who giveth or with- 
lioldeUi victories at His 
will.” The wonl invin- 
cible certainly did not 
originate with the king, 
nor, consequently, with 
any of his servants, in- 
cluding the Duke Alonso 
dc(iru/man,who,ifhedid 
not measure his wonls 
so much, was neverthe- 
less not ignorant of the 
rules of courtesy. 'Pliis 
word is not u.stil in his 
despatches eitlu^r. 

It is possible that it 
nuiy have been used in 
familiar con versation 
by the young men who 
sought fame in the con- 
flict ; but if this were 
so, the slight grounds of 
such a popular origin 
does not authorise for- 
mal censure. Not one of 
the Spanish chroniclers 
of that time, and they 
were not few. alludes 
to the force assiunbled 
at Lisbon by any other 
name than “ t he Ar- 
mada,” or ” the gr(\it 
Armada”; it is thus 
designated by many 
foreigners, and it a 
report was printed in 
Lisbon giving it the, 
title of “ tlu^ most for- 


en disposicidn relativa, 
como el politico y el 
militar han de con- 
siderar las siempre, 
calcuia a sangre fria la 
cifra y la ocasion con 
que la suya alcance 
superioridad, y t-er- 
minado a satisfaccion 
el plan, pone el efecto 
en manos de Dios, 
“ Que da y quita las 
victorias conio quicre.” 
La palabra inveneible 
no pnxuide, con toda 
seguridad, del Rey, ni 
de ninguno de su.s 
servidores por con- 
siguiente, incluso el D. 
Alonso d<i Guzman, 
que, si no media tanto 
las suyas, no dejaba, 
sin embargo, de eono- 
cer las reglas de la 
{‘Ot't(‘sia. Ensusdocu- 
mentost ainpoco la usd. 

Posible es que entre 
la gente* jdven que 
buscaba la fania en 
la (iontienda, se pro- 
niinciase en la eon- 
versacidn familiar ; si 
asi acontecid, la pro- 
cedencia vulgar no 
autoriza a formular 
c(;nsura sobre base tan 
debil. Ninguno de los 
cronistas espanoles dc‘ 
la epoca, y no son 
pocos, nombra a la 
fuevza reunida en Ins- 
boa de otro modo 
quo “ la .Armada ”d “ la 
grainie .Armada ” ; a'-i 
la designaii imichos 
extranjeros, y cii 
Lisboa .se impriinid 
relacion que la titula 
“ felicisiiiia Armada,” 


tunate Armada ” * be- 
cause the fleet of D. 
Alonso de Bazan was for- 
merly so called, it is still 
only a popular title, nor 
is “ fortunate ” synony- 
mous with invincible, 
though the second adjec- 
tive may also be some- 
what presumptuous. 

In Flanders, where 
GathoUcs and TiUther- 
ans were fighting with 
the fury jjeculiar to 
civil warfare, the for- 
mer struck certain 
nn*dals alluding to the 
Armada, of which their 
opponents were to feel 
the effect, and it may 
be that th(?se artistic 
manifestations, to 
which no one has given 
a thouglit, though they 
must hav<‘ b(H‘n very 
galling to the people of 
Holland and Zealand 
at the time, may have* 
given ri.se to the ex- 
])ression which tlu^ sar- 
casm of the English so 
unjustly casts uf) at us. 

( V*Hareo Fcrnar»d(‘z 
Duro ( I KUO - ) a ret irtul 
naval officer and emi- 
nent naval historian, 
the author of an ex- 
haustive history of the 
Spanish Navy from the 
time of tlu* union of 
the kingdoms of Gaslilc 
and .Aragon. In the 
“ Invincil)lc Armada ” 
h(‘ has published with 
critical notes and com- 
ments all the cuiilcm- 
jMnarv documents and 
offi<*ial d<*spat(*h(*s coii- 
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t^orque asf se designo 
antes a la de D. Alonso 
de Bazan, ni dej6 de 
ser vulgar laaplicaci6n, 
ni es lo mismo que 
inveneible, dichosa, 
siquiera haya algo 
tambien de presuncion 
«*n el segundo adjetivo. 

En Eldndcs, doiide 
catdlicos y luteratios 
liichaban con la sana 
peculiar de las guerras 
intestinas, grabaron 
los prirneros unas 
medallas alusivas a la 
Armada, por cuanto 
habian de sentir su 
(‘fecto los eontrarios, y 
acaso fiuTan las mani- 
fest aeiones artist ieas, 
en qu(^ nadic ha pen- 
sado, auntpie debierou 
mortiliear miicho ))or 
entonces a los de Hol- 
aiida y Zelanda, inotivo 
dc la expri'sibn cjne el 
.sani.ismo de los ingle.ses 
nos devuelve tin in- 
just anienle. 

(Vsareo Fernandez 
Duro (1830 — ) un 
oticial de marina reti- 
i jido y historiador emi- 
nente, autor de una ina- 
gotable historia de la 
marina espafiola desde 
cl tiempo de la union de 
los dus reiiios de C'as- 
tilla y Aragon. En la 
” Armada Inveneible ” 
publico con notas y 
conicntarios criticos 
todos los documentos 
<‘oiitcmf)oramx).s y dcs- 
pachos oti(U(uales con- 
ct‘riiiente la t^xpedicion 
d<‘ la Armada espahola. 


cerning the expedition 
of the Spanish Armada. 
Continued 


ITALIAN 

IRREGULAR VERBS 
First Conjugrtion 

The first conjugation has four irregular verbs : 
anMre (ahn-ddh-reh), to go; fare {fdh-reh), 
to do, to make ; dare (dah-rth), to give ; dare 
(8tah-reh)y to stand, to stay. 

These four verbs are very common, and 
should be learned by heart. 

Andare, to go 

• Stems and and vad (from an unused vadere). 

Present Ind. : vo and vado, vai, m, andiamo^ 
andate, mnno. *. 


By Francesco de Feo 

Imperfect : atuUim, aiulavi^ andava^ andavamo, 
etc. 

Pad Def, : andai^ andadiy anddy andammoy 
etc. 

Future : amlrd {anderd)y aiulrai {anderai), etc. 

imperat. : va {va\ vaiy familiar), vaduy andiamo 
andatCy vadano. 

Pres. Sub). : vadUy vaduy vada, andiamoy 
andiatey vadaru). 

Imp. Sill)). : andassiy andassi, andaasCy andds- 
simo etc. 

Conditional : andrei (anderei), etc. 

Qerund> ; andando (going). 
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Past Part, : andato, -a, 

Note. Riandare, when meaning to reconsider, 
is regular. 

Fare, to do, to make 
Contracted from the old facer e. Second (bnj.) 
Present Ind. : fo and fdccio, fat, fa, facciamo, 
faie^ fanno. 

Imperfect : facevo, facevi, facevay facevamo, etc. 
Past Def. : feci, facesti, fece, facemnw, faceste. 
ficero (poet. ; fei, festi, fe\ femmo, feste, fero). 
Future : /ort), farai, fard, faremo, etc. 

Imperat. : fa (fa\ fat, familiar), fdcria, 
facciamo, fate, fdcciamt. 

Pres. Suhj. : fdccia, fdccia, fdccia, facciamo, 
facciate, fdex^iano. 

Imp. Suhj. : factssi, facessi, facesse, faccssinw, 
etc. 

CondU. : farei, faresti, etc. 

Oerund. : facendo (doing, making). 

Past Part. : fatto, -a, -i, -c. 

The compounds of fare arc conjugated in 
the same way. The commonest are : 
disfare (dees-fdhrch), to undo, 
aoddisfare {soddees-fdhreh), to satisfy, 
CA)ntraffare ('’ontrahffhdrc.h), to counterfeit. 

Dare, to give 

Pres. Ind. : do, dai, dd, diamo, date, ddnno. 
Imperf. : davo, davi, dava, damtno, da vote, 
• dnvam). 

Past Def. : diedi and dHti, desti, diede and 
deUe {di^), demmo, deste, diedero and dHtero 
{poet,* diero). 

Future : dard, darai, dard, daremo, etc. 
Im/jierat. : da\ dia, diamo, date, diano. 

Pres. Suhj. : dia, dia, dia, dianu>, diate, diano. 
Imp. Suhj. : de^si, dessi, dessi, dh^Himo, deste, 
dessero. 

(JondU : darn, daresti, etc. 

Gerund : dando (giving). 

Pa.st Part. : data, -a, -i, -e. 

Note. Ridarc, to give back, is conjngated 
like dare : Pres. .Ind. : ridd, ridai, ridd, etc. 
Verbs ending in -dare are regular, as ; coman- 
ddre, to command ; circonddre, to surround ; 
asseoonddre, to second. 

Stare, to stand, to stay 
Pres, Indicat, : sto, stai, sta, stiarno, state, 
stanno, 

Imperf, : stavo, stavi', stava, etc. 

Past Def. : stetti, stesti, stette, stemmo, sthle, 
stettero. 

Future : dard, starai, stard, etc. 

Imperat.. : sta (3ta\ stai, fam), stia, etc. 

* Pres. Suhj. : stia, stia, stia, stiarno, stiate, 
stiano. 

Imp. Suhj. : stessi, stessi, stesse, atessimo, etc. 
CondU. : starei, staresH, etc. 

Gerund : stando (staying). 

Pad Part. : stator -a, -i, -e (stayed). 

Verbs ending in -stare are regular, as : restare, 
to remain ; corUradare, to dispute. 

Nqte. Contrastare, when meaning to oppose, 
is conjugated like stare. 

The milowing verbs are also conjugated like 
stare : risUure, to cease ; soUostare, to be beneath ; 
sovrastare (in some forms also reg ), to be above. 
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The English forms I am, eto., 1 was, eto„ 
followed by the present participle of the verb,* 
are rendered in Italian by the present and 
imperfect. These forms may also be rendered 
by the present and imperfect of the verb dare, 
followed by the gerund. Examples : 1 am 

speaking, parlo, sto parlando. I was reading, 
leggevo, davo leggendo. He is thinking, pensa, 
da pensando. They were working, lavorhvano, 
stdmno lavorando. 

Exercise XXL 

* Shall we go ? Let us go. Let us not go. We 
.shall not go. They wont. We wont. I gave. 

I shall not give. Will you do it ? I am doing it. 
Aro they doing it ? Will they not give ? Is he 
staying Ho will not stay. Did you go ? I 
have gone. If 1 gave. Would he not give ? 
They would not do it ? Shall I not go ? You 
did not go. They would have gone. If I had 
not gone. 

Esercizio di Lbttura 

Un certo astrologo ( 1 ) annunzid un giorno la 
morto di una signora, raolto cara a Luigi Docimo- 
primo. Poco tempo dopo.(2) la prodizione (3) 
questa signora infatti cessd di vivere (4). 11 

Re resto addoloratissimo ed essendo mol to 
siiperstizio.so, penso subito che la predizione 
fos.se stata la cj'iusa di quella morte immatura. 
Egli decise (5) (juiiidi di far mettere (6) a morte 
il malaugurato astnMogo o comandd che fosse 
arrest ato e portato subito alia sua prosenza (7)- 
Quando lo (8) vide (9), il Ke Taceuso di dsaorestato 
la causa di quella morto e I’invitd a parlarc 
in sua difesa. “ Magm’inimo Re„ rispose 
r astrologo senza esitarc “ io non ho niente 
da dire in mia difesa, perche la mia predizione 
era segnata a caratteri indeldbili nel corso 
delle stclle (10), ed e mia virtu di poter predire 
i dcstini (11) degli uomini.,, Trritato il Re di 
tale risposta, disse : “ Ebbene, giacchd (12) tu 
pretendi (13) di essere tanto sapiente da co- 
n6seere(14) i destini degli uomini, dimmi (15) 
quale Sara tiio de.stino. „ L’astrologo indovino 
il signiticato(16) delle parole del Re, e rispose (17) 
siibito : “ Sire, io prevedo che cessero di 

vivere tre giorni prima di Vostra Maosta. „ 

II Ro aminiro la furberia dell’ astrologo e, 
anehe per un po’ di paura, invece (18) di 
farlo mdttere a morte, ordino che si pensasse 
al suo manteniinento, sperando in cuor (19) 
8UO che si conservasse in ottima salute (20) 
anedra per moltissimi anni. 

Notes. 1. Astrologer. 2. After. 3. Pre- 
diction. 4. To live. 5. Decided. 6. To put. 
7. Presence. 8. Him. 9. Saw. 10. Stars. 
11. Fate. 12. Since. 13. Pretenders, to pretend. 
14. To know. 15. Tell me. 16. Meaning. 
17. Answered. 18. Instead. 19. Heart. 20. 
Health. * 

Conversazione 

Che cosa ccrcate ? (What are you looking 
for ?) 

Cerco i biglietti ; non so piil dove li ho me^si. 

Li (them) ho io, andiamo ; h gi& molto tardi. 

Credete che arriveremo in tempo Pren- 
diamo una oarrozza. 

A che ora saremo a Roma ? * * 



Domani alle trMioi, oi^do. 

Avete flcritto (written) ohe preparlissero 
delle etanze ? 

Sorissi (I wrote) una I6ttera Taltra aettimana 
e ho mandate un telegramma Btamattina. 

Oredet^ che il signor Giorgio sara alia stazione 
al nostro arrive ? 

'Certamente, egli penserk a tutto. 

Sono molto contenta di esserc in treno, amo 
molto viaggiare. 

Anch’ io (so do I), viaggeroi sompro. 

Quanto tempo ci fermiamo qiii ? 

Cinque minuti, signora. 

Gr^zie. Non abbiamo tempo di mangiare. 

Tanto meglio, non ho ancora appetite ; 
mangeremo alia prossima stazionc. 

Exercise XXII. 

1. We are going to the theatre this evening. 
2. Whore are you going ? 3. What shall we do 
to-morrow ? 4. I am going into the country. 
5. We will go and (a) seo the new church. 6. 
What are you doing ? 7. I am copying a very 
interesting passage from this book. 8. (Jive this 
boy something to eat, he is hungry. 9. It is 
necessary that I should go to the city. 10, Let 
us make haste, it is very late. 11. 1 am going 
out for a little while, and shall be back by 
dinner-time. 

Key to Exercise XIX, 

Parlkvano or parlarono. Parlarono (essi) ? 
Ami? Imparaste ? lononlavai. Paghercnio. 
Dimen tichiamo, ('ant ate ? Non domandare. 
Se voi portaste. 8c noi compriiis.simo. Essi 
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perdoner^bbero. Bruoiare. Assicurato. Quando 
entrai. Egli entrA or entrava. 8e io entrassi. 
Lavorando. Avendo copiato. Avremo pagato. 
Cominceremo. Pensammo. Impararono. Se 
avessi studiato. Credo {penao) che Abbiano 
accettato. Proghiamo. Conaiglieremmo. 
Avremmo rifiutato. Non manchoro. Non hanno 
mandate ? Credtivo {pensatwi) chc av^ssero 
mandato. 

Note that the verb to do in the interrogative, 
negative, and interrogative-negative forms is 
not translated : Did he ask ? . (asked ho ?), 
domandd, etc. 

Key to Exercise XX. 

1. WV study Italian. 2. This year we have 
travelled all the winter, and will travel again 
this autumn. .*1. It is necessary that you should 
think of your future. 4. If we had listened to 
your counsels, we should still have all our money.. 

5. I ate very little, but you ate nothing at all. 

6. shall meet our friends in Paris, and will 
come back to l^ondon togtHher. 7. I.«t us hope 
that all will arrive safely. 8. By making mis- 
takes one learns. 9. If we had worked more we 
should have already finished our work ; now^ who 
knows if we shall have finished it when our 
master asks for it ? 19. Did you arrive in time 
the other evening? ll. 1 think it will soon 
snow. 12. Look, but do not touch. 13. Let us 
not forget to help the poor. 14. I had already 
copied the letter when h(' entered. 15. Take 
this letter to its address, please. 16. Wh^n they 
arrived they found the door closed. 


Continued 
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VERBS 

First Conjugation 
Donner, To give 

Princtfal Parts: Danner, donnant, d^ynne 
je donne, je donnai 

Indicative 


Simple Tenses 
Present 

I give, am giving, etc. 

je donne 

in donnes 

il, elle donne 

nous donnons 

tmis donnez 

Us, eVes donnent 

Imperfect 

I was giving, used to 
give, etc. 
je donnais 
tu donnais 

donnait 
nous donniona 
fxyus donniez 
Us, dies donnaient 


Compound Tenses 
Past Indefinite 
I have given, etc. 
j'ai donne 
tu as donne 
il, die a donne 
nous avons donne 
vous avez donne 
ila, dies ont- donne 

Pluperfect 
I had given, etc. 

j'avais donne 
tu amis donne 
il, elle avail donne 
nous avions donne 
vous aviez donni 
Us, dies amient donni 


Past Definite 

I gave, etc. 
je donnai 
tu donnas 
il, elle donna 
nous donndrnes 
mus donndtes 
its, files, dvnnerent 

Future 

I shall give, etc. 
je donfierai 
tu donneras 
il, elle donnera 
nous donnerons 
mus donnerez 
ils^ elles donneront 


Past Anterior 

I had given, etc. 
j^fus donne 
tu ens donnA 
il, elle eut donne 
nous eumes donne 
fouS eules donne. 

Us, elles eurent donne 

Future Anterior 

1 shall have given, etc. 
faurai donne 
tu auras donne 
il, die aura donne 
nous aurons donne 
vans aurez donne 
Us, elles auYont donni 


Conditional 

Present 


I would give, etc. 
je donnerais 
tu donnerais 
il, die donnerait 
nous donnerions 
vous donneriez 
ils, dies dmneraient 


Past 

I would have given, etc. 
j'aurais donni 
tu auraia donni 
il, elle aurait donni 
nous aurions donni 
vous auriez donni 
ils, elles auraient donne 
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Imperative 

Prtaerd 

donne^ give (thou) 

qu'il donne, let him give 

f/u'elle donney let her give 

donnonSf let us give 

donneZy give (ye) 

qu'ils donnent, let them (m.) give 

qtddles donnenty let them (/.) give 


Subjunctive 


Present 

That I may give, 
etc. 

que je donne 
que tu donnes 
quHl, qu'elle donne 
que nous donnions , 
que vous donniez 
quHlSy qu'elles donnent 
Imperfect 

That I might give, 
etc. 

que je donnasse 
que tu donnasses 
qu*ily qu'elle donndt 
que nous donnassions 
que mus donassicz 
qu’ilsy qu'elles donnas- 
sent 


Past 

That I may have given, 
etc. 

que j'aie donne 
que tu aies donne 
qu'ily qu'elle ait donne 
que wms ayons donne 
que vous ayez donne 
qu'ilsy qu'elles aient donne 
Pill perfect 

That T mi gilt have givtm, 
etc. 

que feussc donne 
que tu eusses donne 
qu'ily quelle eut donne 
que nous cussions donne 
que vous eussiez donne 
qu'ilsy qu'elles eussent 
donne 


Infinitive 

Present Past 

donnecy to give Avoir donncy to liave given 

Participle 

Present Past 

Donnanfy giving Donne y c, given 

Ayant donne y having given 


Ne pas donner, not to giv'o 
Indicative 


Present 

I do not give, etc. 

Je ne donne pasy etc. 

Imperfect 

I was not giving, etc. 
Jene donnais paSy etc. 


Past Indefinite 
I have not given, et(5. 
Je nni pas donne , etc. 

Pluperfect 

T had not given, etc. 
Je n'avnis pas donne 


Past Definite Past Anterior 

I did not give, etc. I had not given, etc. 
Je ne donnai paSy etc. Je n'eus pas donnCy etc. 


Future , Future AiUerior 

I shall not give, etc. 1 shall not have given, etc. 

Je ne donnerai juiSy cte. Je naurai juisdonne, etc. 


Conditional 

Present Past 

I would not give, etc. I would not have given, 
etc. 

Je nedonnerais pa«,cte. Je naurais jms donne. 
Imperative 
Present 

Ne donne pas, do not give 

QuHl ne donne paSy let him not give 

Qu'elle ne donne paSy let her not give 

Ne donnons paSy let us not give 

Ne donnezpasy do not give 

Qu!iU ne donnent paSy let them (w ) not give 

Qu*dle8 ne donnent pas, let them (/.) not give 
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Subjunctive 

Present Past 

That I may not give. That I may not Uav<e 
etc. given, etq^ 

Que je ne donne pas, etc. Que je n^aieypas donne, 
etc. ‘ T 

Imperfect Pluperfect 

That I might not give, That I might not have 
etc. ' given, etc, 

Que je ne donnasse pas, Que je n'eusse pas donne, 
cte. etc. 


Present 
Not to give 
Ne jHis donner 

Present 
Not giving 
Ne donnant pas 


Infinitive 

PaM 

Not to have giv^ 
Ne pas avoir tdonlS/i 

Participle 

Past 

Not having given 
N'ayant pas donne 


Interrogative Conjugation 

1. When a verb is used interrogatively, the 
subject is placed after it in the simple tenses, 
and between the auxiliary and the past partici- 
]de in the compound tenses : 

Que penserord ils de nous ? What will they 
think of us ? 

Nous avez-rovs envoys du raisin ? Have you 
sent us any grapes ? 

2. When the verb endvs in mute e in the first 
person singular, it takes an acute accent, to 
jinwent two mute syllables from following each 
other. This occurs in the first person singular 
of the present indicative of the first conjugation — 
donne- je ? do I give? — and in the pluperfect 
.subjunctive, when it is used as a second form 
of the past conditional: 

Kusse- je mietijc fait de ne rien dire ? 

Would I have done better to say nothing ? 

3. When the third penson singular of the verb 
or of its auxiliary ends with a vowel, the sub- 
ject is joined to it by the letter t between two 
hyphens : donne 4-il ? does he give ? a-t-il donne / 
has he given ? This t is not merely “ euphonic,” 
as it is sometimes called ; it is a survival of 
the Old Freiicli form, in which, as in Latin, the 
third person singular ended with that letter. 

4. If the verb has a noun for its subject, 
that noun does not come after the verb. It 
takes its place as in an ordinary affirmative 
or negative sentence, and a personal pronoun 
agreeing with it is placed after the verb, or the 
auxiliary ; 

l)oe.s that lady sing ? Cette dame cJmnte-t-elle ? 

Has your brother lent you his book ? Votre 
frere vous a-t-il prHe son livre ? 

5. If the noun be accompanied by the interro- ‘ 
gative adjective quel, the verb does not require 
to be followed by a personal pronoun : 

Quelle raison pent triompher du prejuge ? What 
reason can overcome, prejudice ? 

<). In^rrogative sentences are very frequently 
formed w'ithout inversion, by the use of eat-ce 
que. Its place is immediately before the verb ; 

Est-ce que vous le connaissez ? Do you know 
him ? 
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Est-ce que voua lui avez ecrit ? Have you 
written to him ? 

This form^ is particularly used to avoid the 
awkward and harsh inversion of je in the first 
person singular of the present indicative, thus : 
KM-ce, que, je chante faux ? rather than, ChatUe- je, 
faux ? Am I singing out of tune ? que 

je lie trop bas ? rather than, Lis-je Crop baa ? Am 
I reading too low ? 


Esi'Ce que is also used in the affirmative- 
interrogative form to indicate that the- answer 
“ no.’* and in the negative-interrogative form 
to indicate that the answer “yes” is ex- 
pected : 

Ed-ce que. rela 7u>us reqarde ? That does not 
concern ns, does il ? 

Est'CC que vous nc 7nc vroyez ima ? You believe 


me, do you not ? 
Contmued 


[GERMAN ‘""UTaf”" By P. G. Konody and Dr. Oaten 


LXV, Use of the Tenses of Verbs, 

1. The Pkesknt is used in German : 

(a) In sentences and general remarks without 
any limitation of time : i|t (pres.) 

tcv vU'cptf Tid)tcv ollcv Shakespeare is the 

greatest poet of all times. HiU’r Oktiilb bat, fommt 
ptm Ho who has patience arrives at his goal, 
ib’overbs and similar senteiujos that are inde- 
pendent of time an; generally expressed in the 
juesent tense. 

(/^) Tn place of the future tense', if the 
action is regarded as sure to take place, or if 
the future is already iiidicaUsi by an a])[>ropriat<; 
adverb of time : bin (pres.) nicvvvu bci biv, 

I am [shall b(;J with you to-morrow. Ik’ad'ftc 
.'ilb'd'c ytct)C id' |\nt, Next w<‘ek I go away, etc. 

(c) In place of the imt)erfect, if the narra- 
tion is to be given moie vivacity and Uvt;- 
liness; ^'sd) t'CiV^vu'tc ibnt * ft I'll) inid>; er ip'iifd 
mid?; icb banfc ibm ; trir uncd^cii cine 'h^cilc, uiit cr 
iVbt b'tt; T met him ; he saw me*; he gr<;ets me ; 
I thank him ; we talk for a while, an<l otf he goes. 

(d) In some cases, when; ( he present perfect 
tense is used in English, as afttu- the adverbs fd'i'U, 
already, and feit, since : od) fame ibii feit ^flui 
'Svil)icu, 1 have known him for ten y(;ars |T know 
him siiKJe ten years j. 

{e) Where the progressive form is iiseil in 
English, oiMvhero the English sentencre is foviiu'd 
with the aid of the verb “to do,” 1 am going, 
T am reading, 1 do not believe, etc. are ieiidere<l 
intxerman by : id' iV’lt’, id' Icfc, id' md't, et<\ 

The literal translation (id> bin v^cbnir, id; tuc nid't 
v^Uuibcn) is absolutely inadmissible. 

2. The 1 mi’E1ifk(T is used in narrating a jwist 

action, or an action not yet linished, when 
another occurence sets in: am lllnfaiu^c (dnif Wott 
A>imnKl imb tic Grbe umv uiift’ tuib Ifcv; 

In the heginiiing tlod created heaven and earth ; 
earth was barren and empty. The im[)eifcct 
is the common tense of narration. 

3. The Pekkk(.t is useil to express past actions, 
or events without any temp»>ral connection with 
any other actions or events: ;'Hf; bin im ©arten 
^eirefen, I have been in the ganlen. Ter iff 
iib'iVd'^ni^fn, The train has starled; but : ter 

(imperf»n;t) vib, alt^ id' iUifam, The train starte<( 
when T arrived. As in English, .the j)erf4*et is 
often used to replace the clumsy se(.’ond future : 

U'erbe femmeu, U'cim id; meine Vlvbcit bceu't'et I;vibe 
(instead of: beenbet l;abt‘U U'erbe), I shall come 
when I have finished my work. 


4. The V'i.»’i*KiiFK<T is used as in English. 

5. The FiusTaml Second Fctcre are used as 
ill English, and also in the place of the present 
and the perfect , when doubt or certain limitations 
are to bo expressed: ad; unvbc mid; U'cfil irvcit 
(first future), 1 am (pres.) probably mistaken ; 
and id' ircrbf mid' ircbl ^V’irrt baben (second future), 
I have }>rol)ably been mistaken. 

LXVI. The Infinitive J'rksext iseinjiloyed 
in (b'rmaii either with or without the preposition 
pi, (<;; the one is the “prepositional,” the other 
tin; “pure” infinitive. 

1. '^riie pure infinitive is used: 

(rt) substantively with the article: ba«j Tcuffii, 
thinking ; Cat' Vcrii a, studying ; and 

{h) after the verbs U'cllca, fcKca, biivfcii, miktea, 
muiKa, finiacn, (affca, brrea, bcipca, lf(;vca, Ifvani. 
ffbea (see), aiad'ca (iiifike), blcibca (stay), bclfca 
(help), fubica (feel), vpbea (go), Isee LXlJj. 

2. The prejxmtumal infinitive, is used: 

(а) As a gtuundial infinitive or attribute of a 

noun: Tic ,Haaft pi fd'rcibca U'vir tea 
befaaat, The art <)f writing jto write| was ktiowni 
to the Egyi'tians. Tic .v>offaaa|t bclcbtc 

ibrea 3}bU, I’lie hojie of coiH|uering inspired their 
couragt'. Tic ',Mai'Tid;t tic 3trllc pi frlaii\pa 
frfvcatc il;a, The {)i4>spect of getting | to get] the 
position delighted him. 

(б) Verbs w ith st ressed prefixes [set; XXYIII. 
1, ]>age 187SJ insert the „pi" of the propositional 
infinitive ludweeii the prefix and the verb, the 
w hole being eon tracted into one word : ad; U' e I U c 
nid't abreifea (pure infinitive after the verb 
U'cllca), I would not depart; and Ad; bcfal;! il;m 
vib^arcifca, I Oixhu-ed him to depart (preposi- 
tional infinitive with „pi" iiiscrtcjl between the 
sej>ara)>l4! jiretix „ab" and tlie verb „rfi|'ca")- 

(c) The preposit ional infinitive is als<» used 
as the object «>f transitive verbs: Ad; Iiejftc 
f .'rr'pib'mmca, I hoped to get aw'ay ; cr bfab'ftd;ti^tc 
pi ftd'ba, He int eiuled to steal ; or to modify adjec- 
tives: (te ift fd'U'cv pi id'iwl?ca,]t is difficult t<ibelieve; 
or with attributive meaning, especially after the 
verbs fein and blcibca : (f»5 i;t pi ertvaflca, It can be 
endured [it is to endure ] ; blcibt pi boflfen, It 
remainsto be hopi'd ; (^tfU'arc pi U'ita[d;ca, It would 
be ilesimbh; [to desire). It is also used as 
subject : Hlbpireifca U'vire fciac 'ilflic^t vlf'^'cicn, To 
tlepaH would have been his <luty ; Obitci? pi tun 
li'iir feiat jtctc 'Senp, T»i do good was Ids incessant 
endeavour ; and with the prep<isitioii uin, to 
denote pui|jose : (tv fam, um pi ciitfd^eibeii, He 
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came to decide [for the purpose of deciding); 
(St fling ^in, urn jid^ pi Detflcunffein, Ho went there 
U) make sure (of it). 8ie fc^te and «{l(aincv, 
urn ju uten, Slio sat down at the piano to practise. 

(d) In the case of reflective verbs the i)repo- 
sition is placed in the intinitivc present between 
the personal reflective pronoun and the 
infinitive : jtd) pi avgern, to be vexed [literally : 
to vex oneself] ; and in the infinitive past 
between the past participle of the verb and the 
infinitive of the auxiliary verb : jid) gcviigevt pi 
(}aboi, to have been vexed [to have vexed one.self]. 

(e) From the preixjsitional infliiitive jiresent 
a pirticiple present can be formed by a final -b 
(pi (cbcii-b), wliich is used attribiitively with 
substantives and is declined like an adjective: 

pt vcllcubcutc ^IVui (in tlie souse of; the 
structure that has to be finished) ; tie i^vau be? 
pi fbienbcn .tlunftlcrd (the wife of the artist to 
whf)m honour is due). 

LXVII. Affirmation and Negatidn. 

The affirmative answer to the questions : Jmve 
you . . . . ? are you . . . . ? is there . . . . ? etc. 
(I have, I am, there is) is not usually employed 
in German, but is generally replaced by “ yes” 
and “no”: ^^aflbu ten 'ivief y Have you the 
letter ? oa, yes ; ivoccn Sic belt V Wore you there '( 
no. Only if special st ress is to be laid on 
the answer, the verb may be used, but always 
accompanied by a corresponding pronoun, ad- 
verb, etc. : iiabc i 1) ii (ten 'Brief) ; ict) ivav iiicht 

b c V t , I was not there. The answer to the 
question: „.§ail bu bcii 'Brief‘d' can under no 
circumstances be : ()abc !" The English 

answer to “do you ‘Ido ‘I do 

not ” is also always j’ejdaced in (Termau by 
and „itfiii”. The employment of „tiiu", to (lo, 
in a question is altogtither unknown in German. 
The assertion ja is sometimes replaced by bcd>, 
especially in answers to negative truest ions: 
(Bie U'areii liidU bevtV You were not there? Ted)! 
or C, brd^ I (IJertainly, I was. v'a is sometimes 
inserted in sen fences to signify that the assertion 
is well knowTi : 'iflir batten e^ ja a lie gcl)iht, We all 
liad het rd it (as you know). In these cases the 
ja can also be replaced by bed^ : irir batten ei!< bed) 
a lie flfbevt. 

LXVIII. Use of the Moods. The 

indicative is the mood of pertainty, the subjunc- 
tive the nuM)d of supposition, possibility, wish, 
re()uest, command, civility, and advice ; and 
their employment in independent sentences or 
ill subordinate clauses is determined by the 
character of the action or event which has to be 
expressed, thus the moods can be classified as 
follows : the indicative is the mood of fact and 
positive occurrence, whilst the subjunctive is the 
mood of supposition, suggestion, probability, of 
which the reiility is not fully ascertained. 

1. The subjunctive is used very extensively in 
German, also in indirect speech (oratio obliqua) 
for rendering quotations with circumlocution: 

®atcr nteinfe, bap biefl'nitfbt rdtlicb fei, The 
father thought that this was not advisable; 
3(^ faflte tbm, bap cr flcbm friinr, I told ‘him that 
he could go ; 3(b fllaubte, bap cr baflcweffii fei, 

3502 4 :^. 


I thought that he had been Here. To express 
a wish; SUbfle (^ott un^ l)e(fen! |Aay God help 
us! Sricbe fei in it (Siicb! Peaotit He with you! 
Also in a suggestive sense : SBftrbcn ®te fe 
gut fe in ? Would you bo so kind ? . ^ennten @ie 
miv niebt fageii ? Could you not tell me ? etc.. 

2. As the indicative is the mood of certainty, 
and the subjunctive the mood of uncertainty, ^ 
gtauben and similar verbs rule eithe^ mood, 
according as the statement is poSitl^l^ dr sub- 
ject to doubt : 3d) iriipt<, bap^, <v bagelrefeu ip 
(indicative), I knew that he had been here ; 
and X^d) glaubte, bap cr bagcircfcn fei (subjunctive), 

I believed that lie liad been hero. 

3. The tenses used in the subjunctive 
correspond generally with those which would 
be employed in the indicative in cases where 
ceitiunty is expressed or direct speech is 
jciideied. The imperfect and pluperfect sub- 
junctive arc employed instead of the present and 
perfect subjunctive, where an ambiguity may 
;irise from similarity of sound of these forms. 
Tims instead of: bte iDliUtcv mciiuc, tic Jlinbcr iaufen 
iiiimcv (present subjunctive) tavoii, The mother 
sjiid the children always run away, it is correct 
to say : tie SDliittcr incimc, tic ,kinbcr licfcii (imper- 
fect subjunctive) immer bvivon, because the third 
person plural of laufen is the same in the indica- 
tive and subjunctive*. In the s<ime way the 
conditional is. used' instead of the future : 

(ir fagtc, fic u'iutcu gct)cii, instead of cr [agte, fie 
U'crbcn gcbcii (,,\vertcn” being sounded the same 
in both moods). 

4. If the direct speech is changed into the- 
indirect in yirincipal sentences, the tense 
generally remains the same in the subjunctive 
us it was in the indicative. Hut where the 
imperfect indicative is used in the direct speech, . 
the perfect takes its place in I be indirect speech. 

In the same way the peifoct subjunctive re- 
places the plui)erfect indicative : ^ic giiig (im- 
perfect indicative) is changed into bap fic 

gcgangcu fei (perfect subjunctive). The perfect 
of the subjunctive is employed instead of the 
im[)erfect and ])luperfect indicative, with the 
conjunctions c()c, berer, before ; and iiacj>tcni, after. 
Thus, jic giug, ct)c id) fam, She went before 1 came, 
is changed in indirect speech into: ilian fagtc miv, 
bap fic gegangen fei, ct)c id) gcfciumcii ivarc 

5. The imperative of direct speech is ex- 
pressed in indirect speech by circumlocution 
with the auxiliary verbs of mood fcttcii and 
mcgcii : (5r fell Icmnicn, cr mag gct)cu, is expres.sed^ 
in indirect speech by : (^:r fell c fommen, cv mege* 
gc()cu. 

(i. Tile subjunctive is used in subordinate 
clauses introduced by the conjunctions bap, 
bamit, a(e< rb, etc. : (tr mciiite, bap cr iiic^t g e ^ c 
(present subjunctive) ; 3d) fagtc, bap cr iiid)t 

b a flc m c f c ii ir a r c (pluperfect subj unctive) ; 
SUlir fcf)ifn, alei rb id) fide (imperfect subjunctive), 

It seemed to me, as though I fell. 

LXIX. The English Gerund is often ex- 
pressed in German by the propositional infi- 
nitive [see LXVI., 2], with or without the aid 
of different adverbs: “Instead of speaking, he 
walked away silently ” is rendered in German 
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Wxm. (prepositional infinitive) 

rt fHft fott. The gerund is also frequently 
repaoe4 in German by subordinate clauses : He 
thanked the man for having helped him, (Sv taufte 
rem tag er il)m vic()ctfen tjatte ; My 

calling bln him was perfectly superfluous, (S'c irar 
i,rrl(fcmmen tag bo'^ud^tir. 

Jjjm^FDsition of Words. In the sen- 
tenceT^l^Rfttt eiiien ^rief, tlie fatlier 

writes a Tetter, the subjectt predicate 

(jchreibt), object (eiueit stand in the normal 

p(»Bition, fks in English, the subject prece<ling 
the predicate, etc. The Hrrangoment of w<»rds 
in the normal sentence can ho changed, and the 
sentence altered in form : 

1. ‘X^tr 'ihitcr fcbrcibt cnicii 'Ibicf. 

2- 'Sdjveibt cer 'l>ater cincii 'lb iff ? 

H. (iincn '15ricf fd)reibt tcv "Ihitfi. 

4 ter 'Ihiter ciucii 'Ib icf fihreibt. 

1. Arrangement 1. is the normal one, with 
the predicate, in the simple tenses, between the 
;jubject and the ohject, and in the compound 
tenses hotween tlie finite verb and the past 
\»articiple or infinitive ; Ter tuit ciucu 

!5Brief ftc f d>tif be n. 

*2. If the predi(?ato changes its place by pre- 
ceding the .subject, the seiiteiiet; is alttuvd 
into the form of a question. 

3. In the form : (^iuen 'llricf fd'Vfibt ter 'Isuer 
(literally : a letter writes the father), in whicli 
the object introduces the sentence, the remaining 
W’ords being left in their normal position, a 
'simple inversion takes place, in order to lay 
stress »)n a certain {)art of the sentence : (Bducitn 
bet 'ihUfv cine OtcdMunivv ciiuii Xbief. otci fin (Mctidn 
(dues tlie father write an invoice, a letter, or a 
poem t) is answered by this form in order to 
enqihasise this object, as well as for reasons of 
euphony. 

4. (fi) Tlie fourth form can only be emjdoyed 
ill subordinate clauses introduced by subordi* 
native conjunetioiis, such as bag, otv clv^letd), wil, 
ba, trcljtfui, etc. : vSfi rubi^, U'dl bfr 'ihitir tinen 
'l^riff fd'vcibr, He (piiet, because the fatlier writes 
a letter ; "nf) ivfig, bag bev 'Juncr fiiifii 'Bviff fducibt, 
1 know that , etc. 'Hie con junction boifi or jctcifi, 
luit, admits both the normal and the inverted 


form ; bodj her 'Ihitcr fd^rcibt cinen 'IMicf, 

and bodi fdjrcibt ber 'Ihitfr ciiicn 'l^ricf. 


X^ic ^Dbittcr I'ddafr, bod> bet 'ibUfr fd)rcibt eiiim 'Ib'icf, 
X'he mother sleeps, but the fatlier etc. ; and : 
X'er '-llatcr iit ba, Dodi fducibt cr ciuen The 

father is here, but <?tc. 

(b) If a compound tense is employed the 
arrangement is as follow .s : 

1 X:er ^Ihitcr bat eincu 'Xb-ief ^ffitriebiii. 

2. .'>at ber '-Ibdfv cinen 'ibief ^ei'dntfben i 

3. l^iufn '^vief tjat ber ^cfdnicbcn. 

4 bfr 'ilatcr ciiifii 'Brief t^ffdir if bcu l)at. 

In 1, the object stands between tlie finite verb 
and its participle ; in 4. tlie finite verb is placed 
at the end, which is the characteristic feature 
of the subordinate clause. 


EXAMINATION PAPER XVIII. 

I. Under what circumstances are the present, 
the imperfect, the perfect, and the jdu- 
tenses used in German ? 


2. In kvhich forms is the infinitive employed ? 

3. What difference is to be noted between the 
English and the (ilerman form of affirmative 
and negative answers to the uiiestions : have 
you . . . . ? are you . . . . ^ is there . . . . f etc. 

4. What words are used in German for the 
affirmation, and w'hen are they employed ? 

6. When is the subjunctive used in German, 
and what can be expressed by this mood ? 

(). How' are the tenses afiected wdien the verb 
fiasses from the indicative to the subjunctive 
m«t<id / 

7. Hy what tense is the English gerund 
frequently replaced in German { 

8. How is a ijiiestion expressed in a simple 
sentence I 

9. What is the relative position of the words 
in a sulxirdinate clause ? 

Kky to Exkk(tsk is Examin.vtion Paper XVL 
(Paok 3216) 

Exkkcisk 2. (a) Positives: ;^(f) U'crbf rtfVU i^it 
Abiifii femmen. (’iff ip fiitil ini WatPii. (S‘v vn*# 
anftaltftf '.llllffi ivit. Unffie 'flfcrbo licffit fifindi. 

Tic 6tcfc ved> (iig. (Vv pcltc Superlative:^: M) 

imtf am licbiten, etc. tb’f ijtam fidjlftni, etc. Gv 
iHTanffaltftf '.Hllcfi aiifc* 'ibi'ic. Unfm 'llffvbf liefm 
am rdMidtitfii. Tif rl/efr reeb am fugfftcu. ti’r peltc 
am iV'itaiUMfcn. 

(b) Hr mar ber juititfrc brr ivamilie. 'Jlhi 

u'a,vfu bic frf'lid'U'ftcn ^d'ubr in uufcvvr .lUafif. ,ld» 
ftb.f imtcr bem fd'attivptni 'ihuum*. GivViblcn Sif 
mil' bif lufriip'tf Wcfd'idnc. Hr tjcivatct bcio reicbfte 
Bfabdicn. 

(r) Dtavclfcnc fu\\rfldM’tfr ActbpivV TtiJ Sllcufcbm 
fdHuifre ,3 lev ift bic Bcfd'ftbcnhfir. Tco '4;Llalba< ebelftctf 
Xift ift ber -'^itfd). 

(d) 3(f> baufc 3biifit tcfuiu' 3rf,> banfc '3ljn«ii 
bcrdicf'ft. Hlrugcu «if itpi fdHMiftc«c<. 3d> nuvffWf 
mid) fq^cbeiift. 

Keys to Exekoises in Examination 
Paper XVII. (Paoe :md} 

Exekcisk I. od) babi* nidit (?t l)at 

nid't vvffennt. Hr kit iiid.'t fommen fcinicn. 8te bat 
nid't bmimcn U'oUfu. 'libr babcii nid't fviflm buifcit. 
Hr bat mid) bolcu iajfcH. '£if hat cd miif) miffeu tafffn. 
Hr bar gieben nunTeit. 3d' babe bic .Uincer (vielm 
icbcn. Tie Baiicrn baben ihu bevcu mujfen. bat 
nid't pi femmen braudirn. Xcr 'Hater bat e».< micb tun 
bfipcu (or c^fbeigen). ‘filir b'^b^n ibu fonimm feben. 
Bhr fit Uihl^ii lu'ifii- 3d) babe ibm auffteben 
bflfen. Tic Ohfdud'tc b'9 fie U'cineu mad)fu (or 
ftcmad't). 

Exercise 2. (a) Ter .Herb ii'irb vein .Hinbe 
tvai^fn. Tic Thifif mirb vem 'HuHifum 
dfituiK^ U'irb I'em 'Hater yplcfcn. Tic Hicr U'crbcn veil 
bfr iViitttn qcfed)t. Ter .CMinb irirb vein .Htnbf ijenerft. 

(6) Imperfect: Ter iVciitb leurbe befify^t. Tn 
ii'uvbcfi ypli.bt. u'utbf aiu'y^'ladjt. Btir mutben 
yVaebtft. 3bi* U'lirbct bctrecien. '-^ic ii'iirben and ber 
v^dmlf aue^ffd)fefifn. Perfect: Ter J^einb ift befif^t 
merbfit. Tu bift ypliebt merben. (fr ift aud^faebt 
trerben. 9lUr fiub ^fari)tft u'orben. 3bt fdb betteypn 
U'crben. ^ic finb aue ber (Sdjule an^^efdblejfen morben. 
First Future: Ter fseiiib iiirb befie^t imben. Tii 
U'irft gdifbt merbcit. (Sr mirb au^la^f meiben. %i\ 
iperbcn ^caditct U'erbea. 3bi^ irerbet merben 
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3ie u'crrcn rcr itl'iilf aih\v’frf'lWiVji U'fitrii. 

(,c) Plninrjcrt: Toi Aciiio umv bcmv^t H'orboii. 
I'll U'an’i v^clifbt UH'itni. (Sr umv aiii\^clvui't u'oiTni. 
'^lUr ivvircii i^Cvuluct U'l'vrcii. ^\br u\nt bcfn>\i'u nurcrii. 
3ie ivari'ii aiie tci* viiu\vfii'U'iTcii U'cvrcii. 


Scrohd Fnhu'f: JdulT’jSrrl 

In U'int irntru • 

watm Kill, 
ircrbct ktvcvicn ii'cvtcu 
ed'ulc uuv'vKui'UMTeii imiVu ffiij 


CONVERSATIONAL EXERCISE^ r 

r . • V. 

The ftdlo\vini( e\ei(‘isAs deal \Nilli the piineipal topie.s of eoiiveisatjoil vofpii i ‘ ^ ^ 

in (ieniriny. They ()ej.*in at llir luilway .station and eoiicei’ii of file 

sfiultad ahroatl. ^ ‘ ' 

I. Railway Station ^ ' c 



VN'heve, Is my hii^'^aire 
How many pieces liavo yon ‘i 
. 1 liave one hii;- trunk, om* ha*/, and a. hat 
box. 

l.)o you wish to liavi* your lu'j;i;a;^e registered { 
Ves^ but. only tlu^ truid\ and tin* liat l)>»\. 

Have you i^^nt your tick it yet f 

Aretliereany simdvinocomparl ment.s in t histraiu!' 

Ves, an<( also a iliniiiL? ear. 

W lieri* do 1 elianm*, j)h ase ' 

Not at all. 

Ihj you object to this \\inil«>v\ Ixsne 
opened > 

Not in t he least . 

^ your pai'don (or ineonveiiieiK inL( you. 

W'hat is tlie name of Ibis slat ion ' 

W hat o'clock is it, please^ 

.\(, what, time do \ve arri\e at ('olo'-ne ^ 

.\ bead midnight , 

l)o you stay at ('oloeiie, or do you ..r4> ,n to 
h' rank fort t 

I intend to stay two days in (‘oloiiuc. 

Hon’t. miss seeing' tlie ('atlu'dral 
How many minutes does t he ( rain stop at tliis 
station 

'i’cii minutes, at least. 

d^mc enous^h to eat soim'thin^. 

May 1 troulih* you for the railway eiiide ^ 

Ikiuld you kindly recommend me a L;ood li<‘tel > 
Wdtli ph-asure 1 I'liere are onl\ two dei-ent 
liot els in tile tow ii. 

W Ould you be ooo«l emMe.;h to !.;i\e me (lie names 
and addresses ., 

I^he “ liear ” is a lii'st <*lass liouse and latlu r 
I'Xpensivi*, whilst the “ I'ia^le ” is eiieapei- 
and frecpiented prineijially by businessmen. 

1 believe we shall arrive so<tn. 

Ves, this is ('olou-m^, 

^riiis is (he famous briilei* aeios.s the Khine. 

I have beim pleased to make your ;ie«|uaintan< e. 
W ill yon kindly call a ])orter !' 

}|oiv far is the hotel t 
.lust, opposite the station. 

Tlien it. is not necessary to take a lab i 
It is only two minuti'S from heia*. 

Have you the tiekid for the lui^i;a'_;e { 

What colour is your trunk ! 

(jlr(*on with white stripes. 

There, I st*e it ! 

1 keep my bag and my umbrell.i. 

That building with the tower is tiu* h<»tel. 

It seems to bo very extensive. 


^iiie 





'It’c iu lueiii (‘•h’vad' ? 

'hdc viol ^tiuto iKd'Otl @K?" 

:ui» luil'o luiou iVOBni. ,Hc|rcv/Vm,C 
.'^UtlilMtl'IOl. ' -b', 

'lldiuid'cn 3ic ,Mn- auf^iu^el^U 

abciMinv ten .Urffev nnb bk 
.i.>ah‘ii 3ic fd'oii Alue.kavte? ■ , C' 

('bbt Ci' Jlbuid' (''i'iiv6!? ill biotnn 3iblfV 
.''u. mir and' ciiicii 3m|'fUM^fjl. - ■ 

'’Id' mill'; id' iiimU’ivKif- bine ? 
t'ku' uid't. 

■'>al'iii 3ic enra!? tavjc^fn, U'ettlt 
vK‘'ffnot u'iir’^ , 

"-'lid't im imiicoiicii 

Ad' t'iiio inii 'iMipilanici, caf» id' 3l*?#orr. 

'iido hci|';t lioio ^tatirik’^ 

'’I'io ':iol lllu n't i^, I'ure ' 

Uiu U'io viol Uhr b'uimoii loiv lit .Urlii vin? 
llii^Kial'i’ uiii 'llkutvni.ivl'l, 

'i'loibiii rio ill .Ui'hi, ruo t 

A ran f fun ^ 

Ad* bralMul'iuu' vi Uiiboii. 

'Id'VMumon 3ic niil f, ten Ii'in pi iVlu’'i. ' ' 

'Ji'io 'aid 'Akimiion tuib iu ^\u\ in cieiei 
3raTU'n '! 

All'll ^illiniiiion ininrcrieik'. 

Aon vV'iuut, lun otivai' pi onoii 
lari id' 3io nin cm (viionbabii Aal'Wlan bitten / 
.Ul'iiiuoii ric inii vpiti^rft oin aiiros' >>orol cnnMchlon { 
A.'iit 'I'Ounihaon ! tv.' viibi iini proi aiiuaiitip’ «VoroU' 





in coi 2iatr 

A'Anrtou 3io fc yut uin mir tic '‘.k'ainon mu AlMciTeii 
pi fasten ■t' 

Icr ift ciii cvftf(anu\Ci' niu pemlid' roiior, 

U'al'iviu tor ..Vltlor ' bdli.pr in mit baiivtuuMId' 
veil .Uvuiflomon bcfii.l'i U'ivo. 

Ad' ith'iibo ii'iv U'orceii bale aidL'inmcii. 

Avi, tao' ift .(trill. 

I ift' ift l ie borhl'iiiio 'AM iulo iibei con Aibciii. 

td' I'at mid' ivfvom Abie '^H'tainindMfi pi mad'cn. 

'I'ArUon 3 to vpirivp't oincii (Mcvadrviuiov rufon 

'('Aio U'fir ift car .(>rrol 

('*ioracc tom 'Akihiil'of itCv^ciiiibei. 

laiin lit or nid't lU'ti.i oino Irrfd'to pi iiohmoiiV 

(vr ift niiv pi'oi Wimitoii von Inor. 

aSaboii 3ic ton (Mov'aitfd'oiii ! 

A'Aold'c Aavbo hat Ahv .(i offer‘d 
(’'(rim mu UH'ifjon 3tvoifui. 

Tort fol'o ill' ihn' 

Ad' b.halto moiiir iaf.i'c line moiitcn 3d'inii. 

Tar (Vebauco mu com iuvme ift car 
Ivr fd'oiiit ffhv aiirvKb'hiit pi fciii. 


('nttfinued 


Kni> of Volume IV. 
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